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PREFACE

A primary goal of military compensation is to enable the military to
meet its manning objectives for force size, composition, and wartime
capability. To attain these objectives, compensation must be ap-
propriately structured to attract, retain, and motivate personnel at a
reasonable cost, even when national security goals are changing. A
key question facing military manpower and compensation managers
is, How should military compensation be structured? The question
of military compensation design has been actively debated over the
years. But past studies have narrowly focused on the relationship be-
tween compensation and retention. Less attention has been paid to
whether the military compensation system induces the best individ-
uals to stay and seek advancements, and whether it motivates effec-
tive work. To address the issue of how military compensation should
be designed in light of these considerations, a model is needed. The
research presented in this report develops a model of compensation
in a large, hierarchical organization such as the military. The model
permits an analysis of the issues surrounding the design of military
compensation.

The report is highly technical and is intended for analysts concerned
with the structuring of compensation in large, hierarchical organiza-
tions such as the military, as well as for researchers concerned with
military manpower issues.

This research was sponsored by the Assistant Secretary of Defense
(Personnel and Readiness). The report was prepared within the
Defense Manpower Research Center, part of RAND's National
Defense Research Institute, a federally funded research and devel-
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opment center sponsored by the Office of the Secretary of Defense,
the Joint Staff, and the defense agencies. John Warner is a professor
of economics at Clemson University and a RAND consultant. During
the course of this research, he worked as a visiting scholar in the
Office of Special Projects and Research, Office of the Assistant
Secretary of Defense (Personnel and Readiness).
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SUMMARY

How to efficiently and fairly compensate military personnel has been
a topic of ongoing concern for policymakers. This concern has been
punctuated over the past 20 years with the advent of the All-
Volunteer Force, and by the dramatic technological improvements
that have increased both the overall skill level required among mili-
tary personnel and the diversity of manpower requirements. More
recently, the force drawdown has highlighted the question of
whether compensation and force-management policies that were
suitable for maintaining a 2.1-million-person force will be equally
suitable in the postdrawdown period. Despite these concerns, the
current compensation system has changed little since the draft
ended almost 20 years ago. In fact, a perusal of military compensa-
tion policy reveals little basic change since World War II. Some char-
acteristics seem to reflect historical factors (e.g., past recruiting and
retention problems, as well as how personnel were located around
the world) rather than the needs and circumstances of the post-cold
war national security environment.

A number of past study groups and commissions have analyzed the
military compensation system. Some have recommended sweeping
changes, particularly to the retirement system. Despite the well-
intentioned analyses contained in their reports, it is apparent that
they focus narrowly on the relationship between compensation and
retention, and the resulting experience distribution of the military
forces. Less attention has been paid to understanding other conse-
quences of the system. In particular, (1) Does the system induce the
most able personnel to stay and seek advancement to the highest
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military ranks? and (2) Does the system motivate and encourage ef-
fective work?

The purpose of this study is to develop a unified model that will
permit an analysis of all the various issues relating to the military
compensation system. To do so, we marry recent advances in the
modeling of military compensation and retention with the emerging
economic literature on compensation and incentives in large, hierar-
chical organizations. The latter literature examines how large orga-
nizations use compensation and other personnel policies to motivate
work effort and induce the proper ability-sorting (i.e., the motivation
of high-quality personnel to stay and seek higher ranks) within the
organization. Besides permitting us to address the traditional
macroeconomic issue of the force-structure and -size implications of
alternative military pay and personnel policies, our model permits us
to examine the microeconomic issues of effort supply and ability-
sorting that heretofore have been ignored.

The report has eight chapters, six of which define, develop, and apply
the model. The first analytical chapter, Chapter Two, provides an
overview of the military compensation and personnel systems and
reviews past studies of the compensation system, focusing on rec-
ommendations regarding the military retirement system, a topic of
constant debate.

The second, Chapter Three, discusses the key feature of the military
personnel system: It is a hierarchical organization with little lateral
entry, a feature that is a major constraint on the design of compen-
sation and personnel policies.

The third, Chapter Four, begins the analysis by modeling the behav-
ior of individual workers in a hierarchical organization. Individual
decisions include whether to stay or leave (retention) and how hard
to work (effort supply) when the organization cannot perfectly moni-
tor individuals' efforts. Propositioias about how effort and retention
are affected by a number of pay and personnel policies are derived in
Chapter Five, which also examines how the various policies affect the
flows of personnel through the organization and the characteristics
of those personnel (e.g., their abilities and tastes for the organiza-
tion).
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The fifth, Chapter Six, focuses on organizational decisionmaking.
One of the most important goals of a hierarchy (the military) is to in-
duce the best personnel to stay and seek advancement to the higher
ranks. Conversely, it must discourage the less able from seeking the
higher ranks (i.e., prevent "climbing") and it must identify and sepa-
rate those unqualified to hold any rank. Because lateral entry is
prohibited, the military can obtain its senior leaders only from its in-
ventory of younger personnel. To provide promotion opportunities
for the younger personnel, therefore, it must maintain personnel
flows by separating senior personnel at some point. This chapter
uses the model developed in Chapter Four to analyze efficient poli-
cies with respect to various policy levers at the organization's dis-
posal: pay levels and pay spreads (intergrade and intragrade), up-or-
out rules and involuntary separation, and retired pay.

This chapter reaches four conclusions. First, in a hierarchical sys-
tem, pay spreads need to rise with rank to provide personnel with
continuing incentives to work hard and seek promotion, and to in-
duce the most able personnel to stay. Second, intragrade pay should
to some extent be contingent upon performance and not be provided
lockstep with seniority. Third, up-or-out rules are necessary to in-
duce the separation of unpromotable personnel when pay is set
administratively and one-on-one bargaining is costly. Fourth, al-
though there is no unique theoretical role for retired pay, it may be
offered for a number of reasons: to provide old-age insurance, en-
courage effort and retention of nonvested personnel, encourage the
voluntary separation of senior personnel, and reduce ex post regret
arising from earnings losses individuals may suffer when transition-
ing to other employment rather than full retirement.

Chapter Seven begins to evaluate the current military compensation
system in light of the theoretical model. The current active-duty pay
table is very "flat"; that is, the pay system is not skewed to any great
extent: Compared with private-sector pay, entry pay is fairly high,
but the rank differentials are not large and they do not increase much
with rank, certainly not enough to offset declining probabilities of
promotion. Intragrade pay rises with length of service (YOS, years of
service), and there are a number of instances in which lower-ranking
personnel with more longevity are paid more than higher-ranking
personnel with less. Furthermore, the intragrade increases are au-
tomatic and not based on performance. All in all, the active-duty pay
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system appears more aimed at attracting and retaining personnel
than at providing them with effective incentives to work hard and
seek advancement.

There is a theoretical rationale for the relatively flat pay structure.
Because lateral entry is prohibited, personnel must be hired not just
for what they can do today but for what they can potentially do in the
future. To attract an entry pool of persons with enough ability to fill
upper ranks in the future, pay must be set higher than would be the
case if entrants were going to always fill low-level positions. As a re-
sult, entrants are initially paid more than their productivity.
Eventually, as entrants progress through the ranks, their productivity
will in fact exceed their pay in the higher levels. (But, because of the
specificity of military skills, as workers age, they will be paid more
than the wage they can command at older ages in the private sector.)
Paradoxically, even though their productivity exceeds their pay once
they reach the upper ranks, high-ranking, senior personnel must be
induced to leave at some point to make room for younger personnel
who also have high abilities and potential productivities. This is
where retired pay comes in.

Military retirement benefits are available only to those who complete
20 or more years of service. These benefits induce voluntary separa-
tions. Furthermore, these benefits, which are sizable, effectively
skew the pay system, because higher-ranking personnel earn larger
benefits because they have more years of service and have been
promoted to higher grades. They also provide retention and effort
incentives for mid-career personnel, especially when stringent up-
or-out rules make qualification for retirement benefits contingent
upon performance, not automatic. (Because of the necessity of
coping with the drawdown, the services have recently begun to apply
tighter retention standards and more stringent up-or-out rules to
enlisted personnel.)

Despite its virtues, the military retirement system poses four difficul-
ties. First, it creates an implicit-contract problem: The services ap-
pear to "demand" large numbers of mid-career personnel because
the personnel are there and will not quit, and separating them prior
to YOS 20 would be viewed as unfairly breaking an implicit-contract.
The services are therefore constrained to retain personnel who
would not be retained were the terms of separation different.
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Second, since the reward for an intermediate-length career is low,
personnel must decide early on whether they want to be long-term
careerists or leave. Some personnel who might have stayed longer
under an alternative system leave very early. Third, the mid-career
"bulge" slows down promotion opportunities for younger personnel
and blunts the rewards to "fast-trackers," i.e., high-ability people
who should move up more quickly. Finally, although the system ef-
fectively skews the pay system for younger personnel who are still
trying to advance, it reduces skewness for those who are vested and
may thereby diminish their effort and advancement incentives.
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Chapter One

INTRODUCTION

The question of how to efficiently and fairly compensate military
personnel is an ongoing concern for policymakers. This concern has
been punctuated over the past 20 years by the end of the draft, the
advent of the All-Volunteer Force (AVF), and the dramatic technolog-
ical improvements that have increased both the overall skill level re-
quired among military personnel and the diversity of manpower re-
quirements. More recently, the force drawdown has highlighted the
question of whether the compensation and force-management poli-
cies that were suitable for maintaining a 2.1-million-person force will
be equally suitable in the postdrawdown period.

Despite these concerns, the current compensation system has
changed little since the draft ended almost 20 years ago. In fact, a
perusal of the history of military compensation policy reveals little
basic change since World War 11.1 Some characteristics seem to re-
flect historical factors (e.g., past recruiting and retention problems,
as well as how personnel were located around the world) rather than
the needs and circumstances of the post-cold war national security
environment. Other characteristics, such as the use of the same pay
table by all the services despite the differing manpower needs of each
and a heavy reliance on retired pay, 2 appear to reflect equity consid-
erations and a paternalistic philosophy in compensation design.

'The Department of Defense (DoD) publication Military Compensation Background
Papers (1992a) provides interesting discussions of the historical development of the
various elements of military compensation.
2The retirement system offers an annuity to those who complete 20 years of service,
but nothing to those who leave prior to completion of 20 years. The cost of funding for
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Several past study groups and commissions have examined the mili-
tary compensation system, and some have recommended sweeping
changes, particularly to the retirement system. 3 However, these past
efforts generally limit their focus to the relationship between
compensation and retention and, therefore, the experience structure
of the armed forces. Except for recent exploratory work by Rosen
(1992) and Asch (1993), little attention has been paid to understand-
ing the relationship between compensation and motivation and,
therefore, productivity. By motivation, we mean the incentive of
personnel not only to train and learn skills, but also to work hard and
effectively and to seek the grades and positions for which they are
best suited from the service perspective. Since current models are
incomplete as tools for evaluating compensation and personnel
policies, whether current or alternative policies will best enable the
Department of Defense (DoD) to meet its national security goals re-
mains an open question.

The purpose of this report is to provide a unified framework of indi-
vidual decisionmaking in the context of large, hierarchical organiza-
tions. The framework is intended to permit an analysis of the inter-
relationships between compensation and personnel policy, retention
and force structure, and productivity incentives. In companion
pieces (Asch and Warner, 1993, and forthcoming), we use this model
to analyze the efficiency of the current military retirement system.
To build this framework, we marry recent advances in the modeling
of compensation and retention with the emerging literature on com-
pensation and incentives in hierarchical organizations. 4 The latter
literature examines how organizations use compensation and other

the future retirement liabilities of current active-duty personnel is about one-third of
their basic-pay costs.
3Some of the most notable commissions and study groups to have examined the re-
tirement system include the First Quadrennial Review of Military Compensation
(DoD, 1969) and the Fifth Quadrennial Review (DoD, 1983), the Defense Manpower
Commission (1976), and the Report of the President's Commission on Military
Compensation (1978). The latter two studies recommend fundamentally different re-
tirement systems from the one that now prevails.
4 Examples of the former work include Gotz and McCall (1984), Warner and Goldberg
(1984), Black, Moffitt, and Warner (1990), and Gotz (1990). Pathbreaking studies in the
latter literature include Lazear and Rosen (1981), O'Keeffe, Viscusi, and Zeckhauser
(1984), and Nalebluff and Stiglitz (1983). McLaughlin (1988) provides a cogent review
of this literature.
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personnel policies to motivate work effort and to induce the proper
ability-sorting (i.e., the motivation of high-quality personnel to stay
and seek higher ranks) across jobs and organizational tiers. Besides
enabling us to address the traditional macroeconomic issue of how
military compensation and personnel policy affect the size and
structure of the armed forces, our model permits us to examine
microeconomic issues that have heretofore been ignored in both the
military manpower literature and principal-agent literature. For
example, our framework introduces not only the general role of
compensation in encouraging effort supply, ability-sorting, and
retention, but also the role of compensation structure in the pattern
of and relationships between interlevel (or intergrade) pay,
intragrade pay, and retired pay. In the process of incorporating
ability-sorting and effort-supply decisions into a model of retention
and compensation, we address a number of specific questions that
have faced current and past study groups regarding the efficient de-
sign of military compensation, including: How should basic pay be
structured across and within grades? and What should be the size
and structure of retirement benefits relative to the size and structure
of basic pay?

The report has eight chapters, six of which define, develop, and apply
our new compensation model. Chapter Two gives an overview of the
current military compensation system and personnel management.
It also discusses the main criticisms of the military pay and retire-
ment system and reviews the major studies aimed at reforming mili-
tary compensation. Chapter Three formally defines the hierarchical
structure of our hypothetical organization. In this chapter, we also
delineate our assumptions regarding the production relationships
within the hierarchy and define the organization's budget constraint.
In Chapter Four, we model individual worker decisions regarding
retention and effort supply and identify a number of personnel and
pay and retirement policies that affect them. Chapter Five formally
examines the effect of the policies identified in Chapter Four on in-
dividual retention and effort decisions. In Chapter Six, we derive
implications for organizational decisionmaking and examine how
pay and retirement policy should be set. In Chapter Seven, we begin
to apply our general analysis of compensation and personnel policy
in hierarchical organizations to the military setting. Although we do
not draw specific conclusions about the efficiency of the military's
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current system in this chapter, we discuss potential problems with it
in light of our model. In the final chapter, Chapter Eight, we sum-
marize our findings.



Chapter Two

THE MILITARY COMPENSATION AND PERSONNEL
SYSTEMS: DESCRIPTION AND ISSUES

Even after the drawdown is accomplished, the military will remain
the largest single employer in the United States. As in the past, the
military will continue to recruit and train personnel to perform a
wide range of tasks and to require a complex system of compensa-
tion and personnel policies to manage its labor force. This chapter
briefly describes current military compensation and personnel prac-
tices, presents basic statistics on system outcomes, then discusses
the criticisms that various analysts and study groups have leveled
against those practices. Later chapters evaluate those criticisms in
light of the model developed in Chapters Three through Six.

THE COMPENSATION SYSTEM

A perusal of the Department of Defense publication Military
Compensation Background Papers: Compensation Elements and
Related Manpower Cost Items (1992a) reveals a military compensa-
tion system made up of a complex patchwork of active-duty pays and
allowances, and retired pay. The large number of active-duty pays
and allowances can be grouped into three categories. The main cat-
egory is basic pay, which is the same for everyone with the same rank
and years of service (YOS). In fiscal year (FY) 1991, the basic-pay
costs of the active force were $37.4 billion and made up 75 percent
of active-duty cash compensation. The second-largest category,
allowances for housing and food, was $8 billion and accounted for 19
percent of FY 1991 cash compensation. The third category, special
and incentive pays, contains the many elements of compensation
that depend on individual circumstances, such as occupation (e.g.,

5
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enlistment and reenlistment bonuses) and assignment (e.g., sea pay,
flight pay, and submarine pay). Although the number of special and
incentive pays is large, in FY 1991 these pays were $2.9 billion, only
about 6 percent of active-duty compensation.

After basic pay, retired pay is the major element of compensation. In
FY 1991, DoD's retired-pay accrual charge was $16 billion, 43 percent
as large as outlays for basic pay.1 The distinguishing feature of the
military retirement system is that it requires 20 years of service be-
fore personnel are entitled to receive any benefits. Unless they join
the reserves and accumulate enough reserve credits to begin receiv-
ing reserve retired pay at age 60, personnel who separate prior to 20
YOS receive no retirement benefits. In contrast, private-sector plans,
which must conform with the 1986 modifications to the Employee
Retirement Income Security Act (ERISA), must generally vest workers
after five years or, if they use a graduated-vesting method, after seven
years.

Three retirement systems are currently in effect. Pre-FY 1981 en-
trants receive retired pay according to the formula (0.025 * YOS * final
basic pay), so that 20-year retirees receive 50 percent of final basic
pay and 30-year retirees receive 75 percent. Importantly, retired pay
for this group is fully inflation-protected. Retired pay for those who
entered between FY 1981 and FY 1986 is calculated similarly, except
that pay is based on the individual's high three years' average basic
pay rather than final basic pay. It is also fully indexed for inflation.

The Military Retirement Reform Act (MRRA) of 1986, also known as
REDUX, implemented several important changes. First, the annuity
formula was changed to {[0.40 + 0.035 * (YOS - 20)] * high-3 average
basic pay} for the years between separation and age 62, at which time
pay reverts to (0.025 * YOS * high-3 average basic pay). Con-
sequently, retired pay during the transition between military service
and full retirement ranges between 40 percent of high three years'
average basic pay at YOS 20 and 75 percent of high three years' basic
pay at YOS 30. Second, rather than indexing retired pay for inflation,
the annual cost-of-living adjustment (COLA) between separation and

1Since 1984, the retirement system has been funded on an accrual basis. Each year,
the DoD Actuary determines how much DoD must set aside to fund the accumulating
retirement liability of those on active duty.
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age 62 is 1 percent less than the percentage growth in the consumer
price index (CPI). At age 62, retired pay is then fully adjusted for the
CPI growth since separation; thereafter, it again increases according
to the CPI-minus-1-percent rule. The 1986 reforms thus changed the
system by (1) reducing the amount received at YOS 20, (2) raising the
growth in retired pay for each year served after YOS 20, and (3)
reducing the real value of the stream of retired pay in an inflationary
environment.

A final salient feature of the military compensation system is that
much pay is received in kind. Health care benefits for service mem-
bers and their families are a major component of this source of com-
pensation, as are commissary privileges.

PERSONNEL MANAGEMENT: OFFICERS

The management of officer personnel is governed by the Defense
Officer Personnel Management Act (DOPMA). DOPMA sets limits on
the permissible officer-grade distribution and specifies promotion
points or zones, promotion opportunities, high-year-of-tenure
rules,2 and procedures for the mandatory separation of officers.
Officer ranks range from 0-1 to 0-10. Officers normally enter mili-
tary service in grade 0-1 (ensign in the Navy; second lieutenant in
the other services).

Promotion from 0-1 to 0-2 (lieutenant junior grade in the Navy;
lieutenant in the other services) and from 0-2 to 0-3 occurs early in
the career (Table 2.1). If qualified, all O-is are promoted to 0-2 in
the first or second year of service. Almost all O-2s are promoted to
0-3 around the fourth year of service. Officers then spend between
five and seven years before promotion to 0-4 (lieutenant comman-
der in the Navy; major in the other services). Beyond the grade of
0-3, promotion becomes more difficult. DOPMA specifies a target
promotion rate to 0-4 of 80 percent, i.e., 80 percent of those in 0-3
are permitted to be promoted to 0-4 (Table 2.1). Actual rates vary
from year to year. In FY 1990, the selection rate to 0-4 ranged be-

2A high-year-of-tenure rule-also known as an up-or-out rule--stipulates that an in-

dividual who has reached a prespecified year of tenure within a pay grade without
earning a promotion to the next higher grade must be separated.
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Table 2.1

Years of Service (YOS) at Promotion and Selection Rates into Officer Pay
Grades: DOPMA and Actual Service Statistics, Fiscal Year 1990

Officer Grade

Source Criterion 0-3 0-4 0-5 0-6 0-7+

DOPMA YOS at promotion 3-5 9-11 15-17 21-23 NA
Selection rate (%) 100 80 70 50 NA
High year of tenure -13 20 28 30

Army YOS at promotion 4 11 17 23 27
Selection rate (%) 95.8 78.6 73.1 46.3 NA

Navy YOS at promotion 4 10 15 22 27
Selection rate (%) 96.5 85.7 71.8 55.6 NA

Air Force YOS at promotion 4 11 16 22 25
Selection rate (%) 100 89.3 73.5 55.2 NA

Marine Corps YOS at promotion 5 12 17 22 27
Selection rate (%) 89.0 71.1 65.3 51.2 NA

DATA SOURCE: Officer and Enlisted Personnel Management, Office of the Assistant
Secretary of Defense (Personnel and Readiness), The Pentagon, Washington, D.C.
NOTE: NA-Data not available.

tween 71.1 percent in the Marine Corps and 89.3 percent in the Air
Force.

DOPMA specifies a target promotion year to 0-5 (commander in the
Navy; lieutenant colonel in the other services) and a target selection
rate of 70 percent. In FY 1990, the promotion timing and selection
rates to 0-5 were close to these targets. Officers spend about five
years in the grade of 0-5, with promotion to 0-6 (captain in the
Navy; colonel in the other services) occurring around the twenty-first
or twenty-second year. The DOPMA selection rate to 0-6 is 50 per-
cent. In FY 1990, the services were close to this target. Officers again
spend about five years in grade 0-6 before being promoted to the
rank of general officer (0-7 and above). Although exact statistics on
the selection rate to 0-7 and above are not published, the selection
rate to 0-7 and above is less than 10 percent.

Table 2.1 also shows the high-year-of-tenure (HYT) points for officer
personnel as specified by DOPMA. The HYT point for O-3s is
approximate. Officers are promoted by year group, and O-3s are "in
the zone" at about their eleventh year of service. An 0-3 is
.mandatorily separated if he or she fails both promotion in the zone
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and a second "above-the-zone" chance at promotion. Those 0-4s
who have not been promoted to 0-5 are separated at the 20-year
point, when they become eligible for retirement benefits. The
notional HYT for O-5s is 28, but DOPMA permits the mandatory
separation prior to YOS 28 of 30 percent of O-5s who have twice been
passed over for promotion to 0-6. Likewise, YOS 30 is the notional
high year of tenure for O-6s, but DOPMA permits the separation of 30
percent of O-6s after they have served four years in grade. There is
no formal high year of tenure for general officers.

Table 2.2 shows the grade by YOS distribution of the officer forces in
FY 1990. About two-thirds of the officers are in the junior ranks
(0-1-0-3), and a similar proportion has less than 12 years of service.
About one-fourth of the officers have between 12 and 20 years of
service. Less than 10 percent of the officer forces have more than 20
years of service. The Air Force has a slightly richer grade and experi-
ence mix than the other services, i.e., a greater fraction of the force is
in upper grades and YOS.

Figure 2.1 illustrates the retention behavior of military officers by
plotting the FY 1990 continuation rates of unrestricted line officers
by years of service.3 (The continuation rate is the fraction of officers
in service at the start of the year who were also in service at the end
of the previous year.) The figure indicates very high officer continu-
ation rates during the first four years of service, during which time
officers are serving their initial obligations and are therefore not eli-
gible to leave. Officer continuation rates fall around the fourth or
fifth year of service as initial obligations expire and some choose to
leave. Because of their generally longer initial obligations, Air Force
officers have higher continuation rates than officers in other services
until about the seventh year of service. Continuation rates rise until
about the eleventh year of service. At that point, continuation rates
fall as those who are not selected for promotion to 0-4 leave.
Officers then have almost 100 percent continuation to YOS 20 and

3 Unrestricted line officers make up the majority of the services' commissioned officers.
Excluded from this category are doctors, nurses, and other categories of restricted
duty.
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Table 2.2

Grade by Years-of-Service (YOS) Distribution:

Officer Forces, Fiscal Year 1990

(in percent)

Officer Grade

Service YOS 0-1-0-3 0-4 0-5 0-6 0-7+ TOTAL

Army 1-5 35.6 0.0 0.0 0.0 0.0 35.6
6-11 29.3 0.2 0.0 0.0 0.0 29.5
12-20 3.0 16.9 5.2 0.0 0.0 25.1
21-30 0.0 0.0 6.0 3.7 0.1 9.8

TOTAL 67.9 17.1 11.2 3.7 0.1

Navy 1-5 45.7 0.0 0.0 0.0 0.0 45.7
6-11 23.8 2.9 0.0 0.0 0.0 26.7

12-20 0.0 12.5 7.0 0.0 0.0 19.5
21-30 0.0 0.1 2.7 4.3 0.2 7.3

TOTAL 69.5 15.5 9.7 4.3 0.2

Air Force 1-5 30.4 0.0 0.0 0.0 0.0 30.4
6-11 33.4 1.0 0.0 0.0 0.0 34.4
12-20 0.9 16.4 8.0 0.0 0.0 25.3
21-30 0.0 0.2 4.1 4.7 0.2 9.2

TOTAL 64.7 17.6 12.1 4.7 0.2

Marine 1-5 37.5 0.0 0.0 0.0 0.0 37.5
Corps 6-11 26.3 0.2 0.0 0.0 0.0 26.5

12-20 5.1 17.4 5.6 0.0 0.0 28.1
21-30 0.0 0.0 3.6 3.7 0.2 7.5

TOTAL 68.9 17.6 9.2 3.7 0.2

DATA SOURCE: Defense Manpower Data Center, Monterey, Calif.

eligibility for retirement. After that point, retention declines sharply
as a result of the voluntary incentive to leave provided by the retire-
ment system and of the operation of the promotion system in con-
junction with the application of HYT rules.

Based on the FY 1990 continuation rates in Figure 2.1, the cumulative
portion of an entry cohort of unrestricted line officers that is expect-
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Figure 2.1-Continuation Rates for Unrestricted Line Officers,

Fiscal Year 1990

ed to stay for a 20-year career is about 40 percent in the Air Force, 35
percent in the Army, and 25 percent in the Navy and Marine Corps. 4

4 Data from the DoD Actuary indicate that the aggregate cumulative survival of all U.S.
military officers to YOS 20 is 65 percent, which is much higher than we have calculated
from the FY 1990 data, for two reasons. First, the actuary's continuation rates include
gains from those in the enlisted force who become officers, usually in the first several
years of service. Including these gains would raise by several percentage points the
survival probability to YOS 20 calculated from FY 1990 data. Second, most of the dif-
ference is due to the fact that the actuary's continuation rates, which are based on a
5-year average of aggregate officer continuation rates from the mid-1980s, are much
higher than the FY 1990 rates for unrestricted line officers, especially in the YOS 4-8
range.
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PERSONNEL MANAGEMENT: ENLISTED PERSONNEL

There are nine enlisted pay grades. Enlisted personnel enter in grade
E- 1 and advance to the higher grades according to time-in-grade and
time-in-service regulations, performance on advancement exams,
and, importantly, vacancies in the higher grades created by turnover.
Promotion to grade E-2 comes automatically after completion of ini-
tial skills training. Promotion to E-3 usually occurs around the com-
pletion of one year of service and, again, promotion is automatic.
Table 2.3 shows the average years of service at promotion to grades
E-4 through E-9. The effect of turnover on promotion timing shows
up clearly here: Promotions in the Air Force, which, as we show be-
low, has higher retention and lower turnover than the other services,
generally lag behind promotions in the other services.

Current high-year-of-tenure points for enlisted personnel also are
shown in Table 2.3. Having HYT points for senior enlisted personnel

Table 2.3

Mean Years of Service (YOS) at Promotion and Current High-Year-of-
Tenure Rules by Service: Enlisted Personnel, Fiscal Year 1990

Enlisted Grade

Service Criterion E-4 E-5 E-6 E-7 E-8 E-9

Army YOS at promotion 2.0 4.7 8.2 13.4 17.6 20.8
High year of
tenure 8.0 13-15 20.0 22.0 24.0 30.0

Navy YOS at promotion 2.0 4.0 8.2 12.5 16.8 20.1
High year of
tenure 10.0 20.0 23.0 26.0 28.0 30.0

Air Force YOS at promotion 2.8 6.8 12.1 15.4 18.7 21.7
High year of
tenure 10.0 20.0 20.0 24.0 26.0 30.0

Marine
Corps YOS at promotion 3.0 5.3 9.5 14.0 18.0 21.7

High year of
tenure 8.0 8-13 20.0 20-22 22-27 30.0

DATA SOURCES: Officer and Enlisted Personnel Management, Office of the
Assistant Secretary of Defense (Personnel and Readiness), The Pentagon,
Washington, D.C.; and Defense Manpower Data Center, Monterey, Calif.
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who have reached retirement eligibility is not new, but the rules for
E-4s and E-5s are. 5 Prior to FY 1990, the services placed few con-
straints on the continuation of career enlisted personnel. But rising
retention in the mid-1980s gave rise to concern that the enlisted ex-
perience mix was becoming too "rich" (i.e., too much of the force is
in higher YOS) and the enlisted forces too costly. After vigorous de-
bate within DoD, the services began imposing more stringent HYT
rules on their enlisted forces around 1990. Now, enlisted personnel
who have not advanced to E-5 by their eighth year must separate.
The Army dropped the HYT for E-5s from 20 to the 13-15 range
(effective October 1, 1993). Those E-5s in this YOS range who have
not been promoted to E-6 by October 1, 1993, must separate. The
Marine Corps' nominal HYT for E-5s is 13, but, in the future, Marine
Corps separation policy will be based on failure to be promoted
rather than YOS. Those Marines who have twice failed promotion to
E-6 must separate, even if they have less than 13 YOS. Although the
Army and Marine Corps have moved to more aggressively separate
E-5s prior to YOS 20, the Navy and the Air Force HYT rules will con-
tinue to permit E-5s to remain until retirement eligibility.6

In addition to HYT policies, the services apply standards for the
reenlistment of enlisted personnel. Some of the standards are ex-
plicit: Only those in grades E-4 and above are permitted to reenlist
after the first enlistment. Standards relating to weight and physical
condition are also imposed. At times, the services have also screened
potential reenlistees on a number of implicit criteria. We were told,
for example, that, beginning in the early 1980s, the Army began se-
lectively denying reenlistment to personnel with low education levels
and low Armed Forces Qualification Test (AFQT) scores, although it
had no explicit written regulations for doing so. Until the drawdown
in 1990, the authority to determine eligibility for reenlistment and to
grant waivers to those who fail the formal criteria rested with indi-

5Not shown are HYT rules for those below grade E-4. Few enlisted personnel fail to
reach the rank of E-4 prior to completion of an initial enlistment, but those who do fail
to reach E-4 are ineligible to reenlist.
6We are told by sources in DoD that in adopting their HYT rules for E-5s, the Navy and
the Air Force cited the need to keep in operations and maintenance billets experi-
enced personnel who were not necessarily promotable to supervisory billets. On the
other hand, a much higher percentage of Army and Marine Corps billets are in combat
units, in which there is apparently little need for senior E-5s.
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vidual unit commanders. As part of the drawdown, and to gain more
control over retention, the services have recently implemented more
centralized administration of reenlistment.

Unlike data for officers, promotion-opportunity data are not readily
available for enlisted personnel. Officers are promoted in narrow
YOS intervals based on their commissioning year, and it is easy to
track the percentage that is promoted. But enlisted personnel are
eligible for promotion over fairly wide time intervals, and statistics
are not kept on the fraction entering a promotion zone that is even-
tually promoted. There have been some studies that estimate the
cumulative promotion probability to various grades, and the Marine
Corps publishes a target promotion percentage to each grade in its
manpower plan. On the basis of these studies and the Marine Corps
plan, it appears that the cumulative probability of promotion ap-
proaches unity up to grade E-5, then declines for promotion to the
senior enlisted grades. For example, the Marine Corps plan currently
calls for a cumulative promotion opportunity of 80 percent to E-6, 75
percent to E-7, 70 percent to E-8, and 65 percent to E-9.

The distribution of enlisted personnel by grade and YOS in FY 1990 is
displayed in Table 2.4. The table reveals several facts about the ser-
vices' requirements for enlisted personnel. The first is that most of
the services' enlisted-grade requirements are in the mid-range E-4-
E-6, the post-training journeyman operator and/or maintainer bil-
lets. Requirements for senior supervisory personnel (E-7-E-9) ac-
count for only about 10 percent of the total. The grade distribution is
limited partly by Congress, which has said that no more than 1 per-
cent can be in grade E-9, no more than 3 percent in grades E-8 and
E-9, and no more than 50 percent in the top five grades (E-5-E-9).

Despite a big gain in the fraction of personnel in the services' career
forces (those with more than four years of service) over the period of
the AVF, the enlisted forces remain young. About 60 percent of the
Marine Corps enlisted force and 50 percent of the Army and Navy
enlisted forces are still in their first term of service (see Grissmer,
Hosek, and Eisenman [1989] and Horowitz [1991] for analyses of the
AVF trend in career manning). The Air Force is the only service with
a very senior enlisted force, whereas personnel with more than 10
years of service account for less than one-quarter of the Army, Navy,
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Table 2.4

Grade by Year-of-Service (YOS) Distribution: Enlisted Forces,

Fiscal Year 1990 (in percent)

Enlisted Grade

Service YOS E- l-E-3 E-4-E-6 E-7-E-9 TOTAL

Army 0-4 28.7 21.5 0.0 50.2
5-10 0.7 25.6 0.0 26.3
11-20 0.0 12.8 8.4 21.2
21-30 0.0 0.0 2.3 2.3

TOTAL 29.4 59.9 10.7

Navy 0-4 32.7 17.2 0.0 49.9
5-10 0.6 26.5 0.1 27.2
11-20 0.0 13.2 7.1 20.3
21-30 0.0 0.4 2.3 2.7

TOTAL 33.3 57.3 9.5

Air Force 0-4 23.5 12.2 0.0 35.7
5-10 0.2 31.1 0.0 31.3
11-20 0.0 21.0 6.8 27.8
21-30 0.0 0.5 4.8 5.3

TOTAL 23.7 64.8 11.6

Marine Corps 0-4 47.4 11.9 0.0 59.3
5-10 1.2 22.2 0.0 23.4
11-20 0.0 8.9 6.4 15.3
21-30 0.0 0.0 1.8 1.8

TOTAL 48.6 43.0 8.2

DATA SOURCE: Defense Manpower Data Center, Monterey, Calif.

and Marine Corps enlisted forces. Less than 5 percent of the enlisted
forces have more than 20 years of service.

Figure 2.2 illustrates enlisted continuation behavior, again with data
from FY 1990. The YOS profile of enlisted continuation rates is much
like the officer profile shown in Figure 2.1. Enlisted continuation
rates are high during the period of the initial enlistment (although
not as high as officer rates). Rates drop in the YOS 3-6 zone as initial
enlistment contracts expire and personnel leave.7 Rates then rise

7The continuation rate at a given YOS is composed of the retention of those who are at
expiration of term of service (ETS) and are thus eligible to make a voluntary retention
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uniformly to YOS 20, where they drop sharply from the influence of
the retirement system. The Air Force generally has the highest con-
tinuation rates; the Marine Corps has the lowest. Based on the con-
tinuation rates in Figure 2.2, 10 percent of enlisted Army and Marine
Corps entrants would be expected to stay for a 20-year career, and 13
percent of Navy entrants and 16 percent of Air Force entrants would
be expected to do so. The DoD average is 12 percent. Enlisted con-
tinuation rates began declining in the late 1980s because of the
above-described drawdown and service policies that have been
aimed at reducing enlisted retention; therefore, these survival prob-
abilities are lower than those calculated with data from earlier years.8

In addition to lower pre-YOS 20 survival, enlisted personnel have
much lower post-YOS 20 retention than officers. In fact, we calculate
that those enlisted personnel who reach YOS 20 serve only about one
additional year on average before leaving. Officers who complete 20
years serve an average of about four additional years. These differ-
ences may be due partly to differences in the nature of the work and
partly to differences in promotion and compensation policy: By the
time they reach YOS 20, most enlisted personnel have been pro-
moted to their terminal grades; proportionately more officers expect
additional promotions beyond YOS 20. Furthermore, beyond YOS
20, longevity-pay increases for enlisted personnel are minimal. The
structure of compensation seems to encourage the earlier departure
of enlisted personnel.

ISSUES

Questions about both the level and the structure of pay in the mili-
tary compensation system continually arise. The level of pay con-
cerns how military personnel are paid relative to private-sector em-
ployees. The structure of pay concerns the setting of pay by grade,
longevity, and occupation; the general allocation between active and

decision and those who have more than one year left on their enlistment contracts.
The retention rate of those at ETS is much lower than the total continuation rate in a
given YOS.
8 Using a 5-year average of continuation rates from the mid-1980s, the DoD Actuary
reports a DoD average enlisted survival rate to YOS 20 of 17 percent. It uses this 5-year
average in its calculation of the accrual cost of the retirement system.
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Figure 2.2-Continuation Rates for Enlisted Personnel, Fiscal Year 1990

retired pay; and the parameters of the retirement system. Regardless
of the structure of pay, the pay level can always be adjusted suffi-
ciently to attract and retain a force of a certain quality. This fact was
demonstrated in the early 1980s, when two successive pay raises to-
taling 25 percent cured the recruiting and retention problems the
services were experiencing at that time. Furthermore, it is clear that
the level and structure of pay are intertwined: If pay is improperly
structured, the level of pay may need to be set higher than would
otherwise be required for DoD to accomplish its manpower goals.

The structure of military pay has been the focus of much past analy-
sis. Most of the attention has been paid to the allocation between
active and retired pay and the structure of the retirement system. 9

9 Studies of the compensation system mandated by the Executive Branch or the
Congress begin with the 1947 "Joint Army-Navy Pay Board Study" (unpublished),
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Analysis has focused on the following three traditional efficiency
questions:

1. Does the system enable DoD to attract and retain personnel in
sufficient numbers and of sufficient quality to accomplish its
missions?

2. Does it promote an efficient distribution of personnel by grade
and YOS?

3. Does it accomplish these objectives at least cost?

To these traditional macroeconomic questions we add two micro-
economic questions that have received little attention: (1) Does the
system motivate personnel to work hard and effectively? and (2)
Does the system promote the best person/job/rank matches, i.e.,
does it sort people properly by rank and experience according to
their individual skills and abilities?

Two factors should be kept in mind that, it is fair to say, have not
been in most past analyses. The first is that the military compensa-
tion system must be designed to support a closed hierarchical per-
sonnel system with little lateral entry. Personnel enter the bottom
ranks in large numbers, then progress through the ranks according to
performance and other factors. Future senior leaders must be grown
from these entry pools. In a triangular hierarchical system, promo-
tion opportunities diminish as personnel advance through the sys-
tem. Thus, the compensation system must be structured in a way
that provides personnel with a continuing incentive to work hard
and compete for promotion and reveal their true abilities and talents
to personnel managers. As we detail in Chapters Four through Six, it
is important for the military to select the most able personnel for
promotion to the upper ranks. Consequently, the focus should not
be just on retention per se, but on who is retained as well.
Furthermore, given the triangular hierarchical personnel structures,

which was soon followed by the 1948 Advisory Commission on Service Pay (Hook
Commission, Career Compensation for the Uniformed Services). More recent studies
include those by the Seventh Quadrennial Review of Military Compensation con-
ducted by DoD (1992b), the Defense Manpower Commission (1976), the President's
Commission on Military Compensation (1978), and the Grace Commission (1985). In
addition to officially mandated studies, the military compensation system has been
the focus of numerous independent studies.



The Military Compensation and Personnel Systems: Description and Issues 19

to get a return on their investments in training and experience, the
services want personnel to stay long enough, but not too long:
Turnover in the upper ranks must be enough to provide promotion
opportunities for those in the lower ranks. Retention can be exces-
sive, even if it is among very able personnel. Consequently, the com-
pensation system must be structured not only to provide the proper
retention and effort incentives, but also to provide the incentive for
personnel to separate when it is in the services' best interest for them
to do so. The system must be incentive-compatible ex post as well as
ex ante. Many studies have stressed the retention aspect of compen-
sation and ignored the separation aspect of compensation.

The second factor to keep in mind is that the different parts of the
compensation system cannot be examined in isolation from one an-
other. One must look at the system as a whole. Consequently, some
previous analyses have recommended changes to the retirement sys-
tem without considering how the active-duty pay system would need
to be modified to compensate for changes in retired pay.

Having said all this, what are the issues? What criticisms have been
leveled at the current military compensation system? In the follow-
ing subsections, we first outline the criticisms that have been voiced
against the military retirement system, then criticisms of the active-
duty pay system. After that, we assess the criticisms and discuss
factors that need to be considered in a more complete evaluation of
the compensation system.

Criticisms of the 20-Year Retirement System

At one extreme, some critics have wondered why the military needs a
retirement system at all under the AVF, and one that is more gener-
ous than the typical old-age annuity systems prevalent in the private
sector. The argument critics offer runs as follows. Under the draft,
the retirement system helped the military discriminate between one-
termers and career personnel. But under the AVF, when more enlis-
tees want to stay for a career, a large back-end (retirement) pay pol-
icy has outlived its usefulness because such discrimination is more
difficult. Further, these critics charge that young people (i.e., military
personnel) are known to have high personal discount rates, much
higher than the government's, and therefore value a dollar of de-
ferred (retirement) compensation less than it costs the government
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to provide. Thus, the government could reduce retired pay and
maintain retention incentives by increasing active pay by less than
the (present value of) the savings to the government, and save
money. Taken to its extreme, this argument says that there need be
no retirement system at all: The most efficient compensation system
is an active-pay-only system. Some advocates of this line of reason-
ing recognize, of course, that it would be politically infeasible to
eliminate the system altogether and therefore recommend a less-
generous system that conforms to ERISA guidelines for private-sector
pension plans.

Critics further charge that the 20-year system constrains force plan-
ning and management in undesirable ways. Under existing proce-
dures, the services determine how many personnel they need in each
pay grade according to a variety of factors. They then obtain desired
experience distributions of their forces, called program objective
forces (POFs), by translating requirements by pay grade into a YOS
distribution.' 0 But the POFs are largely based on the experience
distribution that can be supported with the retention patterns pro-
duced by the current compensation system and not necessarily a
system that is most efficient."

Not only does the 20-year system constrain force planning, but crit-
ics argue that it inhibits the management of the mid-career force.
The services are well aware of the financial cost that is imposed on
mid-careerists who are involuntarily separated. Consequently, be-
yond a certain grade or YOS, personnel are treated as if they implic-
itly have tenure and the services are reluctant to separate all but the
poorest performers prior to YOS 20 for fear of what breaking the
implicit tenure contract might do to morale. In the officer force, the
implicit tenure point is promotion to 0-4, around YOS 10. Prior to
1989, almost all enlisted personnel who reenlisted once were permit-

10 DoD Directives 1304.20 and 1300.14 place restrictions on the pay-grade distribution
and career content of the enlisted forces: (a) a maximum of 3 percent of personnel in
grades E-8 and E-9, (b) the number in the top 5 and 6 grades and the number with
more than 4 YOS shall not exceed the number in the DoD-approved POF, and (c) the
ratio of the number in the top 5 grades shall not exceed the career content of the POF.
A recent General Accounting Office (GAO) report (1991) finds that the Army and Air
Force generally satisfy these restrictions, except the one on career content.
"lThat the services' objectives are moving targets driven in part by actual retention
patterns is documented in GAO (1991).
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ted to stay for a 20-year career; very few screens were applied beyond
the initial reenlistment. In fairness to the services, that practice has
changed, and they are now applying more stringent high-year-of-
tenure rules and tougher standards for reenlistment to lower- and
mid-grade enlisted personnel. Furthermore, the drawdown has
forced, and will continue to force, the services to involuntarily sepa-
rate many mid-career personnel whom they would not have sepa-
rated in normal times. Yet, despite these actions, the presence of the
20-year retirement system has arguably made management of the
mid-career force generally more difficult and has accentuated the
problems caused by the drawdown.'12

Another related criticism is that the equality of treatment under a 20-
year system constrains force structures in different occupations.
Some occupations require youth and vigor, whereas others do not.
The Army and Marine Corps need many young infantrymen and
have few infantry-specific billets at more senior levels. Mid-level
personnel in the combat skills who are not yet vested in the retire-
ment system are assigned to other "infrastructure" jobs for the re-
mainder of their military careers, similar to the management of Air
Force pilots: A normal flying career for pilots may be ten or 12 years,
after which the 20-year career is accommodated by moving those
who stay to nonflying jobs. The creation of (possibly unnecessary)
infrastructure billets to accommodate 20-year careers is another il-
lustration of the implicit-contract problem.

But in some military occupations in which youth and vigor are not
primary job requirements and in which there are high training costs
and/or a big payoff to job experience (e.g., doctors and nurses), it
might be more efficient to have careers span well beyond the 20-year
mark. As Table 2.5 shows, the 20-year system produces similar
retention patterns across the wide spectrum of occupations, thereby
limiting the possibility of exploiting the different experience-

12A recent Navy Times editorial (November 18, 1991) stated that "the unfairness of this
system generally escapes the notice of anyone other than service people who, after
serving honorably for five, 10 or 15 years, leave the military with nothing but a
handshake. The drawdown, however, is shedding more light on the inequity."
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Table 2.5

Years-of-Service (YOS) Distribution and Percentage Distribution by DoD

Occupation Group: Enlisted Forces, Fiscal Year 1990
(in percent)

1-Digit Years of Service Percentage

Service Occupation Groupa 0-4 5-10 11-20 21-30 of Total

Army 0 49.2 23.1 25.7 2.1 29.1
1 46.8 28.3 23.5 1.4 4.4
2 50.5 29.3 19.2 1.0 13.0
3 45.4 29.1 24.2 1.4 6.6
4 39.7 30.3 28.6 1.5 2.7
5 30.9 29.2 33.2 6.7 16.4
6 47.2 33.1 18.6 1.1 14.8
7 49.6 30.8 18.6 0.9 2.0
8 47.5 31.4 19.6 1.5 11.2

Navy 0 58.5 22.0 17.3 2.3 10.6
1 45.0 31.3 21.3 2.4 17.9
2 41.7 32.6 23.4 2.5 11.4
3 43.5 30.6 22.8 3.1 6.7
4 32.7 29.3 32.8 5.3 1.0
5 31.2 31.7 32.8 4.3 10.9
6 39.1 33.2 25.1 2.6 29.4
7 37.2 31.8 28.5 2.6 6.5
8 41.6 26.3 26.3 5.8 5.7

Air Force 0 33.1 36.3 27.2 3.3 7.2
1 24.5 33.4 35.2 6.9 12.8
2 26.9 33.7 33.7 5.6 6.6
3 38.6 34.1 23.4 3.8 6.7
4 30.2 33.5 30.5 5.7 4.0
5 22.3 33.4 36.2 8.1 23.3
6 27.9 34.6 33.7 3.7 24.2
7 31.8 29.5 32.6 6.0 5.6
8 37.1 31.5 27.1 4.4 9.5

Marine
Corps 0 68.5 21.1 9.5 0.8 28.9

1 38.8 33.1 25.4 2.7 7.6
2 52.6 26.5 18.7 2.2 8.5
4b 44.0 28.6 23.9 3.5 2.3

5 40.5 28.5 25.5 5.6 17.1
6 47.8 29.0 21.2 2.1 18.4
7 54.1 27.2 17.6 1.1 3.0
8 56.4 25.8 16.5 1.3 14.2

aGroup designations are 0 = Infantry, Gun Crews, and Seamanship Specialists;

1 Electronic Equipment Repairers; 2 = Communications and Intelligence Specialists;
3 = Health Care Specialists; 4 = Other Technical and Allied Specialists;
5 = Administration and Functional Support; 6 = Electrical/Mechanical Equipment
Repairers; 7 = Craftsmen; 8 = Service and Supply Handlers.
bThere is no group 3 in the Marine Corps.
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productivity relationships that might prevail in different occupa-
tional areas.

Criticisms of the Active-Duty Pay System

Critics also see problems with the active-duty pay system. A perusal
of the active-duty pay scales reveals apparently small intergrade dif-
ferentials in basic pay. Furthermore, some pay increments resulting
from longevity exceed increments resulting from promotion (see the
report of the Seventh Quadrennial Review of Military Compensation
[QRMC] [DoD, 1992b]). In several instances, lower-ranking person-
nel with more seniority receive more than higher-ranking personnel
with less seniority. The concern is that the system rewards retention
more than it rewards performance. In a system that rewards people
almost as much for longevity as for promotion, individuals will not
be motivated to work hard and strive for promotion, and the system
may not retain the most able people.

The disincentives caused by the apparently narrow intergrade differ-
entials were first recognized by the 1948 Hook Commission. After a
surprisingly modern and lucid discussion of the issues, the Hook
Commission recommended a substantial upward skewing of the
active-duty pay table (i.e., greater interrank pay spreads at higher
ranks).13 Their recommendations were implemented in the Career
Compensation Act of 1949. But much of the skewness was dissipated
by the move to the AVF in the early 1970s, when pay in the junior
grades was increased substantially and pay in the senior grades was
left unchanged. The problem for policymakers now is that, without
also changing the retirement system, the skewness cannot be re-
stored without substantially increasing retirement costs.

Disincentives present in the structure of the basic-pay table are
compounded by the allowance system, the many in-kind benefits
(e.g., free medical care and commissary privileges), and the tax ad-
vantages associated with receiving such benefits in kind rather than
in the form of income. The difficulty here is that allowances and in-

13We say "surprisingly modern" because their arguments and policy recommenda-
tions anticipated the formal analysis of promotion contests begun by Lazear and
Rosen (1981) and continued by others.
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kind benefits depend heavily on marital status. As the first QRMC
discussed at length, payment based on need (number of dependents)
rather than on performance weakens motivation and effort.
According to critics, the system subsidizes marriage and childbear-
ing, which, in turn, increases the cost of the system.

In addition to these disincentive effects, critics claim that the system
is inefficient because individuals would be better off receiving all
their compensation up front-in the form of income, or cash, rather
than partially in the form of in-kind benefits. They argue that by
doing so the DoD could make military personnel better off for the
same dollar outlays.

Critics also charge that applying the same pay table to all services is
inefficient because doing so fails to recognize the unique functions
and, thus, unique personnel requirements of each service. Some
have argued that a separate pay table should also be used for differ-
ent occupations or occupational groups.

Another criticism leveled against the active-duty pay system is that
intragrade pay is misstructured. Some have argued for a system that
rewards time in grade instead of time in service. Although more-
productive individuals do tend to get promoted more often and thus
get pay raises quicker under a time-in-service system, they lose their
current pay advantage over less-productive individuals once the less-
productive ones are promoted. According to the proponents of the
time-in-grade system, such a system could maintain the pay advan-
tage and thus the performance incentives of those who are promoted
to a grade quicker, the "fast-trackers."

Critics also argue that relying solely on promotion to reward perfor-
mance motivates "climbing," i.e., gives those who may be well
matched in their current grade but ill suited for more responsible
positions an incentive to seek higher positions instead of honing
their within-grade skills. Further, because high retention reduces
the promotion tempo of lower-ranked individuals, the services can-
not reward performance in an ontime way (i.e., around the same
time the individual demonstrates greater skill or better perfor-
mance); to motivate personnel who get rewarded only every several
years, the pay differentials between grades must be large. Some have
argued that a system that makes within-grade pay increases contin-
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gent on performance instead of automatic would address these
problems.

Discussion of the Criticisms

Despite the criticisms leveled against the military compensation
system, it is not apparent that the system is grossly inefficient.
Critics, especially those who have advocated a strictly up-front pay
system with little reliance on retirement benefits, ignore other con-
siderations that may be relevant. First, like many civilian careers (see
Topel [1991]), much of military training and experience is not easily
transferred to other employment. Personnel who serve for long peri-
ods and then leave service in their forties or early fifties may have
worse civilian opportunities than those who either left earlier or
civilians of similar age. That is, personnel may have a second-career
earnings loss following their transition to the civilian sector, for
which retired pay is compensation. Recent studies of veteran earn-
ings (Borjas and Welch [1986] and Goldberg and Warner [1987]) find
that military retirees suffer second-career earnings losses of as much
as 25 or 30 percent. However, losses are not uniform across the spec-
trum of military skills: They are smaller for those trained in such
readily transferable skills as electronics technician (Goldberg and
Warner [1987]) and are probably (proportionately) smaller for offi-
cers than for enlisted personnel (Borjas and Welch [1986]).
Nevertheless, retired pay may be needed, in part, to compensate for
the cost of transitioning to the civilian sector, especially when the
transition occurs well before the age of full withdrawal from the labor
force.

A second-career earnings loss means that, without an adequate sepa-
ration incentive, personnel who stay for 20 or 25 years are likely to
want to stay in service as long as they are permitted to do so. Among
personnel in the military-specific occupations, the incentive for
those with longer service to remain is magnified-military pay gen-
erally increases with years of military service at the same time civilian
opportunities are declining. But these are precisely the occupations in
which the services do not want personnel to serve longer. The result
would be excess retention of senior personnel, an aging force, and
reduced promotion opportunities for younger personnel. The 1948
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Hook Commission stated the problem well (Career Compensation,
p. 40):

[A] sound retirement system is essential to solving the superan-
nuation problem. The services must be kept young, vigorous, and
efficient; a sound retirement plan with a proper compulsory retire-
ment age will permit youth and brains to rise to the top in time to be
effective. The emphasis on youth is more important in the military
services than in most other activities of Government and industry
because of the physical demands of war conditions when the
Regular establishment becomes the nucleus around which the civil-
ian elements are organized. This vitalization purpose is not new; it
was the fundamental premise of the present retirement system
when it was established 80 years ago. Other concepts of fair treat-
ment and the traditional concepts of retirement for those taking up
the profession of arms are also important and have been given con-
sideration but the Commission does not consider them to be con-
trolling.

The Commission's emphasis on the retirement system's role as a
force-management tool and its de-emphasis of other reasons for
paying retired pay are unmistakable.14 The historical record indi-
cates that the primary reason for implementing retired pay was to
induce voluntary separations of senior personnel.

The discussion, of course, begs the question of why the military
should need an inducement when it can simply involuntarily sepa-
rate those senior personnel who it prefers would leave. The military
could maintain the level of compensation by simply placing all of it
up front in active pay instead of partially in retirement pay under this
system. More broadly, a justification for using voluntary inducements
rather than involuntary methods (with greater active pay) is required.

This discussion also begs the question of whether the benefits under
the current retirement system are appropriate for the purposes of
compensating for the second-career earnings loss and for inducing
senior personnel to leave voluntarily. It needs to answer the

14Its de-emphasis of "fair treatment" may have been a reaction to the 1947 "Joint
Army-Navy Military Pay Board Study," which recommended earlier vesting of military
retirement benefits. The Hook Commission recommended not 20-year vesting but
30-year vesting.
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question, Why must compensation for second-career earnings loss
come in the form of retirement income and not as lump-sum sever-
ance pay or even higher pay while on active duty? The discussion
overlooks the issue of whether separations are induced at the proper
YOS point across the spectrum of military occupations. As noted
above, the services would probably like to separate larger numbers of
personnel in the combat skills prior to YOS 20. But they might like to
keep personnel in the technical skills longer.

The discussion also needs to answer the question of whether a com-
pensation system that is more reliant upon up-front active-duty pay
would provide more or fewer work-effort incentives and more or less
incentive for the more able personnel to stay and "percolate" to the
top. It has been argued that deferring some compensation in the
form of retirement benefits may provide substantial incentives for
personnel to work hard and to undertake investments in military-
specific skills, especially if individuals must pass through a number
of promotion gates to reach the vesting point. According to some
analysts, delayed vesting (coupled with sizable retired benefits) may
have as much (if not more) motivational incentive as a more steeply
skewed active-duty pay table.15

To evaluate the current military active-pay and retirement systems
and any alternatives, many questions must be addressed. In the
model we present in Chapters Three through Six, we provide a
framework for addressing these issues and questions. Before that,
we first overview past efforts to evaluate the military retirement sys-
tem.

1 5A difficulty is that the compensation system must motivate both those who have
strong preferences for military service (and are therefore likely to find a 20+ year career
attractive) and those who do not (and are therefore unlikely to be attracted to a 20+
year career). At the same time that delayed vesting extracts extra work effort from
those with strong preferences for service, it discourages the work effort of those with
weak preferences. It does so because of the budget constraint. Higher retirement ben-
efits for those who stay for 20 years are paid for by lower active-duty pay for everyone.
It is not clear whether aggregate work effort would be higher under the current com-
pensation system or under one that puts less in retirement and more in active-duty
pay.
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PAST STUDIES OF THE MILITARY RETIREMENT SYSTEM

A detailed description of the evolution of the military retirement sys-
tem is provided in Military Compensation Background Papers (DoD,
1992a). Although a 20-year retirement system had been in existence
for almost 80 years, at the end of World War II the Army and the Navy
had different rules for retirement eligibility, and they treated officers
differently than enlisted personnel. It was not until 1947 that incon-
sistent rules and regulations pertaining to retirement eligibility were
(for the most part) eliminated and a common retirement system was
adopted for officers and enlisted personnel.

Since 1947, a number of commissions or study groups appointed by
the Executive Branch or the Congress have studied the structure of
the military retirement system. All have grappled with a range of
questions: (1) When should retirement benefits be vested? (2) When
should benefits be paid? (3) How generous should the benefits be? (4)
How should benefits be paid? (5) Should the system be defined bene-
fit or defined contribution? (6) Should the system distinguish be-
tween officers and enlisted personnel? (7) Should the system distin-
guish between occupations requiring "youth and vigor" and other
occupations? and (8) Should the system be contributory or noncon-
tributory? Below, we identify these commissions or study groups and
briefly review their proposals.

A common 20-year system was codified in 1946-1947 in several
pieces of legislation. Almost as soon, it was severely criticized by the
Joint Army-Navy Pay Board and the 1948 Advisory Commission on
Service Pay (the Hook Commission). Both the Joint Pay Board and
the Hook Commission thought that 20-year careers were too short
and recommended immediate annuities for those who leave volun-
tarily only after 30 years of service (based on the [0.025 * YOS * final
basic pay] formula in existing legislation). However, expressing con-
cern for the superannuation problem, both the Joint Pay Board and
the Hook Commission proposal would have allowed immediate an-
nuities to officers over age 60 and enlisted personnel over the age of
50 who retire with 20 or more YOS. Both study groups recognized
that the services would need to involuntarily separate personnel
prior to 30 years of service and would have given them tools to do so.
Under the Hook Commission plan, for example, those involuntarily
separated with 25 or more YOS would receive an immediate annuity



The Military Compensation and Personnel Systems: Description and Issues 29

based on the above formula. Interestingly, its proposal would permit
involuntary separatees with 20-24 YOS to choose among (1) a full
annuity based on the standard formula to begin at age 60 in the case
of officers, or age 50 in the case of enlisted personnel, (2) one-half
the full annuity to begin immediately, or (3) a cash separation pay-
ment. 16 The Hook Commission also recommended cash severance
pays for those who are involuntarily separated prior to YOS 20.

A key difference between the Joint Pay Board and Hook Commission
recommendations is that the Hook Commission plan maintained the
20-year threshold for receipt of retirement benefits. Remarkable for
an internal DoD study group, the Joint Pay Board expressed concern
with the apparent unfairness of such delayed vesting. Calling the 20-
year system a "tontine," something that benefits the few at the ex-
pense of the many, it recommended that all personnel who have 10
or more YOS be vested in an old-age annuity to start at age 62.17 Also
remarkable was its recommendation that the system be contributory.
Member contributions were to be invested in a fund that would pay
interest, and those who left prior to completion of YOS 10 would
receive their accumulated contributions and interest. Congress
adopted many of the Hook Commission's recommendations
regarding the structure of active-duty pay in the Career Com-
pensation Act of 1949, but it ignored the commission's (or the Joint
Pay Board's) recommendations concerning retired pay.

Twenty-one years elapsed before the first QRMC provided the next
formal review of the retirement system, in 1969.18 The first QRMC
sided with the Joint Pay Board's recommendation that the system be
contributory. But it argued against vesting prior to YOS 20. What is
notable about the first QRMC study is its attempt to define a rational
basis for the level of retired pay. In its quest to do so, the first QRMC
said a distinction should be made between the old-age period (i.e.,
the period after full withdrawal from the labor force) and the

16This plan would clearly reduce turnover at the 20-year point, but it provides weaker

retention incentives for younger personnel.
17Named after the Italian Lorenzo Tonti, who devised a contest in which participants
each venture a sum, with the winner being the one who lives the longest.

18The first QRMC was convened in 1967 but did not issue a final report on retirement
until January 1969. Subsequent QRMCs have been convened at each 4-year interval
since 1969.
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"second-career" phase of retired pay. The first QRMC (DoD, 1969, p.
S-13) said that "it was relatively easy to set the annuity in the old age
period.... An annuity that pays military retirees a year of service
percentage of salary equivalent to that paid by other employers
should satisfy the management effectiveness and just treatment ob-
jectives." After recommending that the military move to a salary sys-
tem, the first QRMC recommended that old-age annuities range from
33 percent of final military salary at YOS 20 to 75 percent at YOS 40.
The old-age annuity equal to 33 percent of final salary at 20 YOS was
not much different from the 50 percent of final basic pay being paid
at that time.

But the first QRMC would have significantly reduced annuities dur-
ing the second-career phase. It argued that benefits during the sec-
ond-career period should be set at a level that just compensates for
the second-career earnings loss. After analyzing data on retiree
earnings, the first QRMC believed that the annuities in effect during
the second-career phase in fact overcompensated retirees for their
second-career earnings losses and recommended first-tier annuities
(the annuity from separation to full retirement age) ranging from 24
percent of final salary for YOS 20 retirees to 51 percent for YOS 30 re-
tirees, or about 34 percent of a 20-year retiree's basic pay and 73 per-
cent of a 30-year retiree's basic pay.

Some writers had argued that a generous pension was just compen-
sation for the rigors of a military career, with its exposure to danger,
family separations, loss of freedom, and the like. The first QRMC re-
jected this view (DoD, 1969, p. S-13):

The argument that an additional increment should be included in
the retirement annuity to compensate for the extra hazards, rigors,
and inconveniences of military service was rejected on the grounds
that inclusion of such an increment would be:

"* inequitable, because only those military members who stayed
until retirement would receive it,

"* inefficient in attracting, retaining and motivating personnel
because of the very high discount rate which personnel use to
value retired pay, and
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* inflexible and not readily adjustable to changing conditions of
service or changing force management needs.

What is interesting about this argument is that it violates the first
QRMC's own principle that retirement benefits during the second-
career phase be set at a level that just compensates for the second-
career earnings loss. The transferability of military training and ex-
perience varies considerably from one occupation to another, but
the first QRMC's argument would seem to rule out varying the ben-
efit by skill area. It would also seem to rule out varying the parame-
ters of the retirement system to encourage different career patterns
in different occupations.

After the first QRMC submitted its final report, its recommendations
were reviewed by the Interagency Committee on Uniformed Services
Retirement and Survivor Benefits (IAC), a study group appointed by
President Nixon in 1971. IAC offered its own retirement proposal.
Lilke the first QRMC plan, the IAC proposal would have also created a
two-tier system of annuities. During the second-career phase of re-
tirement, or first tier, YOS 20-24 separatees would have their annu-
ities reduced by 2 percent for each year the member was under age
60 at separation; YOS 25+ separatees would have their annuities re-
duced by 2 percent for each year under the age of 55. Full annuities
would be restored during the second tier, the retirement years, at
ages 60 and 55, respectively. But rather than basing the full annuity
on the linear formula (0.025 * YOS * final basic pay), IAC would base
the annuity on the formula (0.025 * YOS) up to YOS 24 and [0.6 + 0.03
* (YOS - 24)] up to YOS 30. In conjunction with the age- and YOS-
based first-tier annuity reduction, the purpose of the full-annuity
formula modification was to provide stronger retention incentives in
the post-YOS 20 zone. IAC proposed basing the annuity on the in-
dividual's high-3 years' average basic pay rather than final basic pay.

The IAC proposal severely reduced pre-old-age annuities. The typi-
cal enlisted careerist who separates after YOS 20 at age 40, for exam-
ple, would receive only 30 percent of high-3 years' average basic pay
from separation to age 60. Many critics viewed this reduction as too
severe. The JAC plan was examined by DoD and, after much modifi-
cation, was submitted to Congress in 1974 as the Retirement
Modernization Act (RMA). RMA departed much less dramatically
from the prevailing (pre-1980) retirement system. With the same
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second-tier (old-age) annuity formula as the one proposed by IAC,
RMA proposed to reduce the first-tier annuity by a flat 15 percentage
points, but only until such time as the individual would have com-
pleted 30 years of service. Further, it would base annuities on high- I
rather than high-3 years' basic pay. Thus, a 20-year separatee would
get 35 percent of high-I basic pay for 10 years, followed by the nor-
mal 50 percent provided by the then-prevailing system. A 30-year
retiree would still receive 75 percent of (high-1) basic pay.

Finally, JAC and RMA continued a theme of the 1947 Joint Pay Board:
20-year vesting is unfair. Both proposals recommended vesting
those who separate with between 10 and 19 years in an old-age
annuity to begin at age 60. Interestingly, the IAC proposal would
offer YOS 10-19 separatees a lump-sum payment in lieu of an old-
age annuity.

Congress failed to act on RMA after its submission in 1974. RMA was
reintroduced in 1975, and Congress again deferred passage. Instead,
Congress called for DoD to establish a Defense Manpower
Commission (DMC) to examine the full range of military personnel
and compensation policy. A DMC was established, and it subse-
quently offered yet another retirement proposal in April 1976. The
DMC also accepted the argument that 20-year vesting was in-
equitable, and, like the IAC and RMA proposals, it recommended
vesting, after YOS 10, in an old-age annuity to begin at age 65 (with
the option of a reduced annuity beginning at age 60).19 The other
notable feature of the DMC analysis was its argument that, for the
majority of military skills, a 20-year career was too short. It therefore
recommended that eligibility for receipt of an immediate annuity be
based on a point system. Those in noncombat skills would accumu-
late one retirement point per YOS, whereas those in combat skills
would accumulate 1.5 points. Thirty points would be required for re-
ceipt of an immediate annuity. Consequently, personnel in noncom-
bat skills would be required to serve 30 years to receive an immediate
annuity, whereas those in combat skills would be required to serve
only 20. (Those who complete 10 YOS but accumulate less than 30
retirement points receive only the old-age annuity.) The DMC pro-

19The DMC recommended an increase in the old-age-annuity multiplier from 0.025 to
0.0266.
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posal is the only one that has explicitly distinguished jobs requiring
"youth and vigor" from other jobs.

Not satisfied with past recommendations, then-newly elected
President Jimmy Carter established the President's Commission on
Military Compensation (PCMC) in July 1977 to again study the full
range of compensation issues. This commission offered yet another
proposal in April 1978. Like other studies, the PCMC agreed that 20-
year vesting is unfair and also argued for 10-year vesting. It therefore
recommended deferred annuities for all separatees with more than
10 YOS, with the age at receipt depending on YOS at separation. 20

Unlike other studies, the PCMC saw a need for vesting in something
other than just an old-age annuity. Personnel bear costs in the
transition from a military to a civilian career, both direct costs and
the aforementioned indirect earnings losses arising from imperfect
transferability of job skills. What is needed, the PCMC argued, is a
system of transition benefits to go along with vested old-age annu-
ities. The PCMC recommended that DoD establish a transition trust
fund for each service member. DoD would make annual payments
into the fund based on the member's basic pay and the contribution
rate at the member's YOS. The PCMC recommended the following
contribution rates: 0 for YOS 0-5, 20 percent for YOS 6-10, 25 per-
cent for YOS 11-20, 15 percent for YOS 20-25, and 5 percent for YOS
26-30. DoD contributions would be invested in government securi-
ties and would accumulate interest. An individual at YOS 10 would
have an accumulated amount equal to about one year's basic pay. At
YOS 20, the fund would have over two years' basic pay; at YOS 30, it
would have about four years' basic pay. At separation, individuals
would be free to take the fund in lump-sum, receive it in monthly
installments, or roll it over into another retirement account.

By providing YOS 10-19 separatees with significant cash benefits and
by eliminating the large "cliff' at YOS 20, the PCMC argued that its
proposal would allow DoD to trade off the 20-year rule for more
flexible and thus more rational force management. The services

2 0 0ld-age annuities for YOS 10-19 separatees were to start at age 62, whereas annu-
ities for YOS 20-29 separatees were to start at age 60. Annuities for those who serve a
full 30-year career would begin at age 55. Note the retention incentives created by the
last discontinuity.
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would no longer feel compelled to carry along unpromotable or un-
needed members in this YOS range. The extra, immediate benefits
provided at YOS 10, it argued, would also prove attractive to younger
personnel and thereby stimulate pre-YOS 10 retention. The PCMC
also foresaw that its proposal could cause retention problems in
some (but not all) skill areas, but argued that the long-run savings its
plan offered would increase DoD's flexibility to target more active-
duty compensation at problem skills (i.e., those experiencing reten-
tion difficulties).

After scrutiny and modification of the PCMC proposal, DoD submit-
ted the Uniformed Services Retirement Benefits Act (USRBA) to
Congress in July 1979.21 USRBA modified the PCMC proposal three
ways. First, like the PCMC proposal, all personnel with 10 or more
years of service would be vested in an old-age annuity. But unlike
the PCMC proposal, USRBA would begin the old-age annuity at age
60, regardless of YOS at separation. 22 USRBA also changed the old-
age multipliers.23 Second, unlike the PCMC plan, USRBA would
maintain annuities during the second-career phase of retirement.
USRBA would pay pre-old-age annuities, which would range from
37.5 percent of high-2 years' basic pay for separation at YOS 20 to
62.5 percent at YOS 30. Third, instead of creating a transition trust
fund for YOS 10+ separatees, USRBA would make cash payments in
the YOS 10-19 range to both those who stay and those who leave.
The scheme was to work as follows. At the completion of YOS 10,
individuals could borrow against their prospective first-tier annu-
ities. At YOS 10, the individuals would be permitted to borrow 10
months' basic pay regardless of whether they stay or leave. Upon
completion of each of the next four years, individuals could borrow
another two months' basic pay. It was hoped that these cash pay-

21There was no formal fourth QRMC. Although DoD is required by law to formally
convene a QRMC every four years, DoD's internal review of the PCMC's recommenda-
tions served as an informal fourth QRMC.
22See footnote 18 above. Analysts in DoD thought that the 5-year gap in the age at
which YOS 30 separatees and other separatees would begin their annuities was too
large and might inhibit management of the senior career force.
23The old-age-annuity multipliers were 0.02 for YOS 1-5, 0.0225 for YOS 6-10, and
0.0275 for YOS 11-30. Also, the annuity was to be based on high-2 years' basic pay. A
10-year separatee would thus receive 21 percent of high-2 basic pay, whereas a 20-year
separatee would receive 48.75 percent.
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ments would prove attractive in retaining to the 10- or 15-year point
those personnel who were not necessarily interested in pursuing a
20-year career. Personnel were not forced to leave to get the pay-
ments, because DoD did not want personal borrowing needs to be a
reason for leaving and feared that individuals having financial prob-
lems might be tempted to borrow and then separate. Those who
borrow against their future annuities and then stay for a 20-year ca-
reer would have their first-tier annuities reduced by 0.45 percent for
each month of basic pay withdrawn. A 20-year separatee who had
withdrawn the maximum allowable 20 months of basic pay would
get a first-tier annuity of 28.5 percent of high-2 years' basic pay
rather than 37.5 percent.

In retrospect, it is clear that this rather complicated early-withdrawal
scheme was based on a misunderstanding of the purpose of retired
pay, which is, in fact, to encourage separation at the proper point
and to assist individuals in their moves back to civilian life. If indi-
viduals are allowed to borrow now while remaining on active duty
and thereby diminish their future annuities, they will have less in-
centive to leave in the future, and they might not have the where-
withal to make a smooth transition to civilian life.

USRBA was never enacted. Like the PCMC proposal, it met opposi-
tion on two fronts. One front, the services, opposed it (as well as the
PCMC proposal) because of its departure from an annuity-based
system of retirement benefits and because of uncertainty about how
the plan would affect retention patterns and force structure. The
second front was budgeteers in the Treasury Department and politi-
cians in Congress, who thought the major drawback of both plans to
be the significant changes in time pattern of governmental outlays
that would result. While the move away from total reliance on an-
nuities would eventually reduce outlays for military retirement, the
payment into newly created transition funds or the payment of early-
withdrawal benefits would add to near-term outlays.

Like the DMC and the PCMC, the fifth QRMC was charged with reex-
amining all previous proposals to modify the retirement system. It
convened in 1983 and issued its final report in 1984. Going against
the grain of the majority of past studies, the fifth QRMC sided with
the first, arguing against earlier-than-20-year vesting in retirement
benefits. But it sided with the previous study groups that found
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benefits for 20-year retirees to be "excessive." Following the first
QRMC, IAC, and RMA plans, it returned to the concept of a two-tier
retirement system with reduced benefits during the second-career
phase of separation from military service.

Rather than recommending one single plan, the fifth QRMC evalu-
ated a range of alternatives that varied the reduction in 20-year
benefits and the growth rate in benefits for service beyond YOS 20; it
continued to examine plans with early-withdrawal options; and it
considered alternatives to full COLAs for retirees. The fifth QRMC
submitted its report to DoD in 1984. Following a mandate from
Congress, DoD submitted legislation to modify the retirement sys-
tem, in November 1985. Congress then implemented the Military
Retirement Reform Act of 1986. Commonly known as REDUX, MRRA
contains many features of past proposals for retirement reform.
Notably, MRRA (1) distinguishes between the two phases of retire-
ment and provides lower benefits during the second career, (2)
increases the growth rate in the second-career annuity from 2.5 per-
cent to 3 percent for each YOS beyond 20, and (3) provides less-than-
full adjustment for increases in the cost of living. By diminishing the
value of exactly a 20-year career, both absolutely and relative to
longer careers, REDUX appears to implement many of the ideas of
past study groups. But it still departs from the majority of past stud-
ies in its failure to provide any benefits for those who separate prior
to YOS 20.

None of these discussions of retirement-system reform has ad-
dressed the issues of ability selection (or ability-sorting) and effort
motivation (or effort supply) to any extent. They may have paid lip
service to them, but just how these goals are achieved through the
military's compensation system has not been discussed. These is-
sues are addressed in our model, which we present in Chapters
Three through Six.



Chapter Three

ORGANIZATIONAL STRUCTURE: DEFINITIONS AND
ASSUMPTIONS

The discussion in Chapter Two highlights the issues and questions
surrounding the appropriate structure of military pay and retirement
benefits. To evaluate the current and alternative systems, a frame-
work is required that accounts for the ways that compensation and
personnel policy affect individual decisionmaking. We set forth this
framework in this chapter and in the following three chapters. In this
chapter, we define the structure of the hypothetical organization that
we analyze and delineate our main assumptions.

THE INTERNAL LABOR MARKET AND PERSONNEL FLOWS
IN THE HIERARCHY

The organization that we are interested in is a vertical hierarchy, i.e.,
one in which the organizational structure is necessitated by techno-
logical and organizational considerations and the use of authority.
Those who fill the higher grades (or levels or ranks) have the respon-
sibility for, and authority over, the actions of those below them. The
military is an example of such a hierarchy.1

'The distinction between vertical and horizontal hierarchies is attributed to Stiglitz
(1975). In contrast to a vertical hierarchy, a horizontal hierarchy exists merely to con-
fer differential pay and higher status on those workers with better skills and perfor-
mance. Those with higher status or rank do not necessarily have responsibility for the
actions of those with less status or rank. Academic institutions are an example of a
horizontal hierarchy: academic ranks exist to distinguish individual accomplishments
and performance. The rank or grade distribution of a horizontal hierarchy is not con-
strained by technological or authority considerations as is the grade distribution of a
vertical hierarchy. For example, university faculty are promoted on the basis of indi-
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We assume that the hypothetical hierarchical organization has a
closed personnel system. Individuals enter at the lowest level, and
positions at each upper level are filled by drawing from the pool of
individuals in the level below. Thus, the firm does not fill the upper
ranks with lateral entrants obtained from the open market, but with
employees from within its internal labor pool. A body of literature
suggests a number of reasons why hierarchical firms follow this
practice. Employers are rarely well informed about workers' abilities
and motivation before hiring and observing workers on the job. Even
after expending substantial resources to collect information on job
candidates-including interviewing the candidates, obtaining tran-
scripts and letters of recommendation, and administering screening
tests-some hires who looked good on paper turn out to be poor
performers; others turn out to be pleasant surprises. 2 The substan-
tial heterogeneity in workers' abilities and motivation, coupled with
employers' inability to accurately measure those qualities before-
hand, virtually dictates that large, hierarchical organizations hire
workers at the lowest level, then promote them to fill higher levels,
based on performance at lower levels.

Human capital investment considerations reinforce this practice. By
human capital we mean the effect of training and experience with
the current employer on the stream of potential earnings with the
current and alternative employers. In the human capital literature,
workers entering an organization receive either general or specific
training. Workers receiving general training will tend to pay for their
training costs in low wages during the training period because, after
training, the market will bid away workers who are not paid for their
post-training productivity (Oi, 1962). Workers receiving specific
training are more problematic. If the firm bears all the training costs
and the worker quits after training, the firm suffers a capital loss.
Furthermore, if job skills are specific to the organization, the organi-
zation will be unable to fill the upper ranks by outside hiring.
Workers receiving specific training must be offered advancement in
the organization as an incentive to accept training that is not mar-

vidual merit, and the distribution of faculty by rank is not limited by technological or
organizational factors.
2 Recent work by Simon and Warner (1992) provides some evidence that information
about job applicants collected through informal networks is superior to information
collected via formal channels.
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ketable elsewhere. Even if possible, lateral entry into upper levels
would destroy such investment incentives.3

Another characteristic of large organizations is that they often set pay
administratively rather than by one-on-one negotiations with the
employee (contracting). That is, the firm sets a pay scale that may
vary with such factors as grade, and experience with the firm or in a
grade, and pays everyone in the same circumstances the same
amount. The military and the federal government are examples of
institutions that set pay administratively. 4

Thus, our organization brings in untrained people at the bottom and
then "grows" them to fill higher positions within the organization. In
general, individuals may occupy I grades or levels and may remain
with the firm for up to T time periods. For simplicity, we assume
three grades and four time periods in the analysis below.5 All indi-
viduals enter at level 1 in period 1. Through promotions that occur
in periods 2 and 3, some of the entrants rise to fill positions at levels 2
and 3. However, no promotions occur in period 4, and all employees
are required to leave the organization after this terminal period.
Individuals may fully retire after period 4, or they may work for an
alternative employer during period 5.

3 See Carmichael (1983). To guarantee that workers incur the full cost of quitting, in-
cluding the organization's loss, Carmichael shows that the organization will, in fact,
pay the worker more than his or her marginal product during the latter part of the
post-training period. In Carmichael's model, overpayment comes through promotion
to a job with higher status. Yet promotions occur only as a vehicle for paying the
worker to accept specific training and not as a result of technological or organizational
considerations, as in our analysis.
4Although we do not seek a full explanation for the practice of administrative pay-set-
ting here, it is likely that the heavy transaction costs that would be incurred in one-on-
one bargaining over pay drive large organizations to set pay administratively. See
Milgrom (1988). Prespecifying a pay scale and punishing underperformers (by firing
or not promoting them) may also be an efficient way for a large organization to moti-
vate effort when the cost of monitoring effort is high. See Lazear (1991) and
Carmichael (1989) for reviews of the literature on such incentive explanations.
5To maintain a connection between our abstract model and our application of it to the
military, the reader may let the first period in the model correspond to the period of an
initial military enlistment, the second and third periods correspond to the "early" and
"middle" phases of a military career, and the fourth period correspond to the period
after which military personnel are eligible for a pension.
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Let si,t denote the fraction of individuals who are in grade i at the end
of period t who remain with the organization for at least one more
period. Thus, sit is a conditional-retention probability. Further-
more, let Tcit denote the probability of promotion from grade
i - 1 to grade i during period t. We assume that no promotions occur
in period 4. All promotions to level 3 thus occur during period 3.
Promotions to level 2 can occur during period 2 or period 3.
Therefore, there are two ways an individual can reach grade 2 but
only one way to reach grade 3. A schematic of the process is shown
in Figure 3.1.

Consider a new entrant's various possible stay-leave sequences.
Some individuals will leave after period 1 in grade 1; this occurs with
probability 1- s1,1 . Some individuals will leave after period 2 in
grade 1; this occurs with probability S1,1 I -/$2,2) a - s1,2 ). The proba-
bilities of the various possible stay-leave sequences are shown in
Table 3.1.6

The steady-state grade structure for the organization (once the policy
change has worked itself through) is derived as follows. Let N 1,1 de-
note the number of new entrants into grade 1 in period 1. Then the

RAND MR439-3.1
3

-J

1 2 3 4 5

Period (T)

Figure 3.1-Personnel Structure of the Hypothetical Organization

6As our discussion in Chapter Four illustrates, the survival rates and the promotion
probabilities are not independent. Greater survival rates reduce promotion rates be-
cause fewer positions need to be filled. The probabilities in the table abstract from
this interrelationship to more simply illustrate the stay-leave sequence.
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Table 3.1

Probability of Each Stay-Leave Sequence

Leave
from In
Grade Period Probability

1 1 1- so,
1 2 S1,1 712,2 S1,2

1 3 S1,1 (1 - t2 ,2 )S1 ,2 G - 712 ,3 )( S1,3)

1 4 S1,1 (1 - T2 ,2 )S1,2 (1 - T1 ,2 )S1,3

2 2 S1,1 7r2 ,2 (1 - S2,2)

2 3 S1, 1 2, 2 ,2 U(1 - 7T2,3 S2 ,3 ) + S1,1 C2 ,2 )S1,2 T2 ,3 ( 2,3

2 4 S1,1t 2 ,2S2,2 ( - T2, 3 )S2,3 + S,1(1- •72,2)S 1,22,3S2,3

3 3 S1, 1n 2 ,2 S2 ,2 it 3 ,3 .- S3,3)

3 4 S1,1 C2,2$2,27C3,3S3,3

total number in grade 1, N 1, is N 1,1 plus the number flowing to pe-
riod 2 in grade 1, N 1,1 s1,1 1- 712, 2 ) plus the number flowing into pe-
riod 3 in grade 1, s1,1 a - it2 ,2 )Sl,2 U - 7[2 ,3 ) plus the number in grade 1
at period 4, s1,1 a1 - i 2,2 )s1,2 (1- i 2,3 )s1,3. Thus, the total numbers in
grades 1-3 will be

N 1 = N 1, 1[1 + s1,1(1 - 7t2 ,2 ) + s1,1(1 - It 2 ,2 )S1 ,2 (1 - 7r2 ,3 )

+ S1, 1 (1 - it 2 ,2 )S1 ,2 (1 - n 2 ,3 )Sl,3]

N 2 = N1, 1[Sl, 17T2 ,2 + S1, 1 iT2 ,2 S2 ,2 (1 - it 3 ,3 )

+ SIA,(1 - 7t2,2 )S 1,2it 2 ,3

+ S1, 1it 2,2 S2 ,2 (1 - 7t3,3)$2,3

+ sIA(1 - nT2,2 )s1,27[2,3s 2,3]

N 3 = N1,l[Su'1t 2 '2 S2 2iT 3 '3 + S1'1it 2 ,2 S2 '2 n3 3 S3 3 ] " (3.1)

Since the organization is a hierarchy, N1 > N 2 > N3 . Appendix A
presents a numerical illustration of the derivation of the hierarchical
structure.
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PRODUCTION RELATIONSHIPS IN THE HIERARCHY

We assume that the organization requires N1 individuals at level 1,
N2 at level 2, and N3 at level 3 and that these requirements are de-
termined exogenously by technological and other considerations.
There are N2 units or divisions in the organization, each supervised
by someone at grade 3. Each person in grade 3 supervises N2 / N 3
personnel, who in turn supervise N1 / N2 personnel. Given this
structure, the output, Q, that this hierarchy is capable of producing
depends on the ability, ca, and work effort, e, of its employees. We
assume that the organization's output increases with the abilities
and work effort of its employees. But ability and work effort affect Q
differently at different levels. Rosen (1982) shows that, because of
span-of-control considerations, an individual's productivity is pro-
portional to his or her level in the hierarchy. In our model, level 3
jobs are the most important, and level 1 jobs are the least important.
At the lowest level, variations in ability have minor effects on Q-
more able and less able people perform low-level tasks about the
same way. Because of span-of-control considerations, ability has a
larger effect on Q at higher levels in the organization. 7 It is important
that the ability of the level 3 worker exceed the abilities of the level 2
workers, whose abilities in turn should exceed the abilities of the
level 1 workers.

Work effort (i.e., how hard an individual works) also affects Q. When
individuals put forth more effort, Q increases. Effort therefore can
substitute for ability. A less able individual who puts forth much ef-
fort may be as productive as a more able slacker. However, the rate
at which e can substitute for (x diminishes with rank. Thus, a low-
ability worker is unlikely to be very effective if assigned to a level 3
job, no matter how hard he or she tries. Finally, individual produc-
tivity may depend on the worker's experience with the firm, t, and
aggregate output Q may therefore depend on the cumulative experi-
ence of its workforce. The size of the workforce N required to pro-

7We say this recognizing that there may be considerable variation in ability require-
ments at low levels in the organization. In the military case, some low-level jobs (e.g.,
electronics technicians) may require great mental aptitude, whereas others require
less ability.
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duce a given output Q is therefore not independent of the experience
mix of the force.8

To put these arguments more formally, let q(i, t, a, e) represent the
productivity of an individual in grade i with experience level t, ability
level ca, and effort e. Therefore, aq / au is the effect of ability and
aq / De is the effect of effort on productivity (i.e., the marginal prod-
ucts). Our arguments suggest that aq / auc is positive and that it in-
creases with the individual's level in the organization. Furthermore,
a2q / aU2 > 0, so that the increase in output that results from
assigning a person to a higher level rises with the person's ability. We
also assume that aq / Je > 0 and that it also increases with ability and
level. However, our assumption that effort and ability do not
substitute perfectly means that the marginal rate of substitution
between effort and ability, (aq / De) / (aq / acx), declines as i increases.

ORGANIZATIONAL GOALS

At the most basic level, the organization's objective is to maximize
output given its constraints. Given the production relationships de-
scribed above, this means that the hierarchy must solve both
macroeconomic and microeconomic personnel problems. Its macro
problem is to design compensation and personnel policies that will
permit it to balance its actual personnel inventory with the inventory
it requires, i.e., to fill the Ni slots. The military calls this balance
matching "the faces with the spaces." Individuals must be attracted
and retained to bring about the proper grade and experience distri-
bution of the organization's labor force.

The necessary grade and experience distribution will vary from sit-
uation to situation. In some situations, technological and organiza-
tional factors dictate the need for an experienced labor force; in oth-
ers, a relatively youthful labor force may be required. For example,
the Marine Corps and the Army say they need relatively youthful la-
bor forces capable of charging up hills and performing other physical
tasks. Owing to the more technical nature of the jobs performed in

8During the AVF but prior to the drawdown, force size remained relatively constant
but the average experience level of the force increased, suggesting that overall capa-
bility increased during most of the AVF period.
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their services, the Navy and Air Force cite the need for more experi-
enced personnel. In the context of our model, the effect of experi-
ence on productivity, aq /at, is different across the services. The
Navy and Air Force believe that aq / at rises with t; the Army and
Marine Corps implicitly believe it actually declines with t (after a
certain point). Likewise, some situations may dictate the need for a
"tall" grade structure, with many tiers and fewer people per tier,
whereas others imply the need for a "flatter" one, with fewer tiers
and more people per tier.

But given the role of effort and ability in affecting organizational out-
put, the organization must also design policies that will encourage
effort and induce the most able to aspire to the higher levels within
the organization-the micro problem. This micro problem, which is
discussed at length in Chapters Four through Six, has generally been
ignored in previous models.

THE BUDGET CONSTRAINT

Let m;,t denote the current pay (including in-kind benefits) the or-
ganization establishes for an individual in grade i at period t, and wit
be the proportion of those personnel in period twho are in grade i so
that Yiwit, = 1. Based on the grade distribution at each period of
service, the mean pay in year t is rr4 = ZiWitnT•,t. We also assume
that those who separate from the organization in grade i after period
treceive the stream of retired pay, ri, t,j, with j = t+ 1, .... ,D (D de-
notes death period). We let Ri, t denote the expected present value to
the firm of retired pay of a loss from grade i at the end of period t,
and l4 ,t denote the fraction of losses in period t who are in grade i
such that Xil,tu = 1. Then Rt = XiltRt is the mean expected pres-
ent value of the retirement liabilities to the losses at period t. We also
let sv, be the survival rate into period t (i.e., the fraction of those
surviving until the end of period t- 1 who also stay for period t). If
we define the firm's per capita budget constraint, B*, as the present
value of compensation that the organization expects to pay to a new
hire, then
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B* m 2  m 3  m4___ R 1
B= m + sv2  M2 + sv3 M2 + sv 4  -3 + (1-sV2)

a1+ r) O+ r) (+ r) (1+ r)

B2  R3  R4
+ (sv2 - sv ) 2 + (S)3 - SV4) + s4 R4)al+ r) 1+ r) 1+ r)

= M*+ , (3.2)

where r is the firm's discount rate, M* is the expected present value
at hire of future "wage" payments (note that military basic pay is
more than just an hourly wage), and R* is the expected present value
of the new hire's retirement liability. 9 (Note that the firm may dis-
count future dollars at a different rate than its employees discount
those dollars.) The total pay budget is NiB*.

We define the per capita accrual cost of retirement as the amount, A,
that the firm must invest each year to fund the accumulating retire-
ment liability of a new hire. That is, A is an amount whereby

4 4

B (mt + A) Rr R svtA
(1 + r)t-1 (I + r)t-1

t=1 t=1

Using these relations, we see that the per capita accrual cost is4
A (svt - svt-)Rt (1 + r)t RA = t~ *(3.4)

svt I + r) _ Isv I +r
t=l t=1

where svt is the probability that a new entrant will remain until pe-
riod t and (svt - svt-,) is the probability that the entrant will quit at
exactly period t.

The accrual cost is an annualization of the expected present value of
future retirement liabilities. The total annual accrual cost is N 1A.
We assume that the firm's output Q is somehow exogenously deter-

9 For simplicity, we assume that active-service wage payments are made at the begin-
ning of each period.
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mined and that it therefore seeks to minimize the cost of producing
Q orN 1B*. In addition to this output constraint, the firm must obey
the constraints imposed by the hierarchical grade structure.' 0

Through its various compensation and personnel policies, the firm
attempts to minimize costs by manipulating three variables that af-
fect output: worker retention (or, conversely, the number of new
hires each period), the effort exerted by its workforce, and the quality
of the workers in each grade. These variables are modeled in
Chapter Four for individual workers and the micro problem.

10 Technological requirements dictate the proportions in which the firm must com-
bine workers in levels 1 through 3. We assume that the number of workers can vary as
long as those proportions are met.



Chapter Four

MODELING INDIVIDUAL DECISIONMAKING

We now model individual worker's retention and effort decisions.
Our analysis is patterned after that of Gotz and McCall (1984), who
developed a dynamic programming model of Air Force officers' re-
tention decisions. The model assumes that workers maximize their
expected utility when deciding whether to remain with the organiza-
-tion. The model accounts for the dynamic nature of the retention
decision by incorporating the fact that (rational) individuals take into
account all possible future eventualities when making their deci-
sions. We expand upon the model by incorporating work effort de-
cisions. Effort enters into the analysis both positively and negatively.
First, it represents a utility cost to individuals. On the other hand,
effort can increase the utility gain to staying to the extent that future
rewards (such as promotion) depend on the amount of effort sup-
plied.

We organize the discussion as follows. First, we model basic reten-
tion decisions facing each individual. We then model the role of
effort in the individual's expected utility gain to staying. Next, we de-
rive the comparative statics results and show how retention and ef-
fort supply change when other factors in the model change. We then
derive the cohort retention rates based on those for individuals. As
shown in Chapter Three, the force structure depends on these cohort
retention rates.

MODELING RETENTION DECISIONS

We begin our discussion of retention decisions with the following
definitions. Let ci,,,j be the amount a separatee who leaves the firm
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prior to full withdrawal from the labor force expects to receive from
alternative employment (with j = t + 1, ... , L and L = the labor force
withdrawal period). We let citj = c*t,j exp(pox), where ci, t,j is ex-
pected earnings based on the individual's observable characteristics
(education, race, sex, etc.) and exp([3pc) is the contribution of ability
to civilian earnings. The parameter P3a shows the proportionate ef-
fect of a unit change in ability on alternative-earnings possibilities.
We expect P., > 0. We let 5 denote the individual's personal dis-
count rate and P3 = 1 / (1 + 8) be the discount factor on future income.

Nonpecuniary factors as well as pay with the current and alternative
employers affect the decision to remain with the organization.
Pecuniary factors are represented by pay within the organization,
mrG, and the stream of retired pay, rit,j. We let the nonpecuniary

factors, such as in-kind benefits, be represented by mnt, so that the
"pay" associated with each grade and year of service is given by

nTh,t = r~ + nt

We model an individual's attitudes toward service as the sum of
permanent (or time-invariant) and transitory (or random) compo-
nents. Let "m and t' be the permanent taste factors associated with
remaining with the current employer and with moving to an alterna-
tive employer, respectively. We assume that these factors are invari-
ant to the individual's current period of service. Individuals with
positive values of rm place a positive net value on the current em-
ployer's work environment and fringe benefits, for example. The in-
dividual's net preference for the current employer is thus
"T = T m - IT'. Individuals who like (dislike) the current employer have
positive (negative) values of t.

Even if the individual does not like the current employer, random
events can induce the individual to remain with the firm. Likewise,
such events, or shocks, can induce those who like the current em-
ployer to leave. Such shocks might include a good or bad job as-
signment, winning a $1 million lottery and deciding to quit, and an
unexpected change in the economywide unemployment rate. We
summarize these factors by the random error term, ct, which incor-
porates components that are totally idiosyncratic and components,
such as economic conditions, that are potentially correlated across
individuals.
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We define the individual's supply of effort at time t in grade i as eit
and assume that individuals do not like to exert work effort. When
they can, they shirk. Let Z(eit) denote the monetary value of the
disutility individuals place on e, units of work effort at time t. We as-
sume that dZ(e1 t) / deit > 0, i.e., the marginal disutility of work effort
is positive; and d 2Z(eit) / de2% > 0, i.e., marginal disutility rises with
the amount of work effort. For simplicity, we assume that everyone
has a common Z (eit).

Individual Retention Decisions

Consider the stay-leave decision faced by an individual who is at the
end of the third period and deciding whether to remain for the last
period. Since no one is promoted in period 4, the individual's return
to leaving the organization at the end of period 3 is

D 5 5

4,3= 1pJ-4ri,3,j + If3J-4C,3,j + IpJ-4,c

j-4 j= 4  
j=

4

Ri,3 + Q 3+ • (4.1)

The return to leaving is the sum of the present values of the future
retirement stream, Ri,3 , the expected future civilian earnings stream,
QC3 , and the value the individual places on the nonpecuniary bene-

fits offered by alternative employers, F1,3. Similarly, the return to
staying for the final period is

D

SO,3 = rnA,4 + EI3J-4ri,4,1 + D (ci,4,5 + 'Tc)+ ,rm _ Z(ei4 )+ F-,3

j=5

= m2,4 + PRO4 + -- Ci, 4 + PTrc + •' - Z(ei4) + Si,3  (4.2)

Given our utility-maximization framework, the individual stays if the
gain to staying is positive and leaves if it is negative. We define the
gain to staying, Gi,3 , as SO,3 - 1,3, where G1,3 is a utility gain and not
just a financial gain. Combining Equations 4.1 and 4.2, we see that
the individual stays if
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Gi,3 = Si,3 - Li,3 > 0

= T + mi,4 + (3Ri,4 - Ri,3) - (C0,3 - KjCi, 4 ) - Z(ei4 ) + Fi,3 > 0 . (4.3)

The gain to staying for the terminal period increases with the indi-
vidual's net taste for the current employer, terminal-period pay, the
growth in present value of retired pay, PR,4 - Ri,3 , and with the
transitory disturbance (or shock), but diminishes with the present
value of forgone earnings, Q,3 - P3Q,4, and the disutility of work ef-
fort. The individual chooses to stay if G1,3 is positive for some opti-
mal amount of effort, eit> 0.1

We specify the individual retention rate as the probability that an
individual in grade i at the end of period 3 remains. Let Fi, be nor-
mally distributed with zero mean and standard deviation of cY.
(Thus, the distribution of ei,r is invariant to the grade and period.)
Define the gain to staying given tastes and ability but not conditional
on Fl,3 as

0 = T, -r ,4 +- (PRi,4 - Ri,3) - (CK3 - fC,4 ) - Z(ei4 ). (4.4)

The individual stays if G, 3 + £i,3 > 0. By the symmetry of the normal
distribution, the probability of this event is

Pr(G3 + -i,3 > 0) = Pr(G•3 >

S1- Pr(Gi,3 < Ei,3)

= Pr(c1,3 < G, 3) • (4.5)

The probability that an individual will stay in grade i for the terminal
period, conditional upon his or her tastes and ability, is D(G1 ,3 / o),
where (D denotes the standard normal distribution function evalu-

INote that F ,t in Equations 4.2 and 4.3 refers to effort during period 4. But the indi-
vidual is making his or her retention decision at the end of period 3. Therefore, we as-
sume that the individual has all the information at the end of period 3 necessary to de-
cide what effort he or she will supply during period 4 and, therefore, how that amount
will affect his or her retention decision. Optimal period 4 effort depends on pay and
personnel policies, as we show in Chapter Five.
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ated at the standardized gain to staying, G, 3 / a. To reduce nota-
tion, we let (DO,3 = (G,3 / cYd.

Consider now the expected present value of the future utility of an
individual at the end of period 3 who is yet to observe si,3. This in-
dividual will leave before the terminal period and, hence, receive the
present value of the earnings stream defined by Equation 4.1, with
probability 1 - (DO. The expected present value of future utility
conditional upon staying is

E SO I GO3 > -6i0 = "m + C + mi, + 3Ri,4

+ P3Ci,4 + GL - Z(ei4), (4.6)(Oi,

where Oi,3 is the standard normal density function evaluated at
G, 3 / oy .2 Since the individual stays with probability 4 )i,3 and leaves
with probability 1 - (OF, his or her expected lifetime utility at the end
of period 3 is

Vi,3 = i,3E(S, 3 I GO,3 > -i,3) + (1 - Oi,3)L

= ki,3 + (D',3G i,3  + GE0 0,3 (4.7)

Expected utility is a weighted average of the return to staying and the
return to leaving, with the weight being the individual's probability
of staying or the return to leaving plus the expected gain to staying
weighted by the probability of staying. The latter term can be
thought of as the option value of staying. In Equation 4.7, the term
ap,1 3 is always positive. Given Equation 4.7, the individual's ex-
pected utility at the beginning of period 3 is

nin,3 + T' + Y3V3 - Z(e0 ). (4.8)

2 The term 4Q / DO3 is called the inverse Mills Ratio (Maddala, 1983). The term (p,3 is
the ordinate of the standard normal distribution evaluated at Gi,3 / (7.
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Individuals get the utility associated with their current pay and the
value of net nonpecuniaries minus the utility cost of supplying effort
during period 3 plus the discounted expected utility that they get as
of the end of period 3.

Gains from staying and the probabilities of staying in earlier periods
are derived recursively. Since promotions occur in period 3, promo-
tion opportunities affect the gain from staying. Consider an individ-
ual who is in grade i at the end of period 2. His or her return to stay-
ing for period 3 is

Si,2  = 7[i+1,3 T m + Mi+l,3 + Vi3+1,3 - Z(ei3 )]

+ (1- iTi+1,3 ) [Tm + ni,3 + PVi,*3 - Z(ei3)] + ci,2, (4.9)

where nt1+1 ,3 is the probability of promotion from grade i to grade
i + 1 in period 3. As we discuss in the next section, the promotion
probability in Equation 4.9 is the individual's assessment of his or
her own promotion chances. Although each individual's calculations
will be based on his or her own expected promotion chance, expecta-
tions should obey an aggregation constraint Not everyone can have
an expected promotion chance of 50 percent if the actual aggregate
rate is only 30 percent. In the analysis in the next section, an indi-
vidual's promotion probability is permitted to depend on personal
work effort and ability, as well as on the aggregate promotion rate.

An individual who is in grade i at the end of period 2 can follow four
possible future paths: (1) be promoted during period 3 but leave at
the end of period 3, (2) be promoted during period 3 and stay to the
end of period 4, (3) not be promoted and leave after period 3, and (4)
not be promoted and stay to the end of period 4.3 In Equation 4.9,
the returns to these different paths are weighted by their probabili-
ties of occurrence. Since the individual stays for period 3 if there ex-
ists an £1i,2 Ž_ 0 such that S,2 - 142 > 0, he or she stays with probabil-

3The exception is the possibility that the organization has an up-or-out rule that re-
quires the individual to separate from the organization if he or she has not achieved a
prespecified rank by a given period. The military and academic institutions are no-
table for their up-or-out rules. We discuss the role of up-or-out rules in more detail in
Chapters Five and Six.
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ity 1 i,2 = Pr(Si,2 -/•,2 > 0). Expected utility at the end of period 2 is
derived analogously to Equation 4.7. Iterating again, we may derive
the gains to staying, the probability of staying, and expected utility at
the end of period 1. We present the fully specified model (iterated to
period 1) below, in the "Model Summary" section of this chapter, af-
ter we incorporate the role of effort.

MODELING EFFORT SUPPLY

So far, we have allowed only effort to negatively affect individual
utility via Z(e1 ,). However, if those who work harder get promoted
more often or faster or achieve other gains within the organization,
effort supply also has a positive role in determining the gain to stay-
ing. The role of effort and ability in affecting an individual's success
within the organization depends crucially on the organization's
compensation and personnel policy. Clearly, effort's role will be
weak at best if the organization does not reward effort and ability or
their covariates. Below, we incorporate into our model three types of
compensation schemes and personnel policies that give effort a pos-
itive role in determining an individual's utility gain to staying: in-
tergrade promotion contests, involuntary separation and/or mini-
mum-performance standards, and intragrade contingent pay.

Promotion Contests

By assumption, information about ability and effort is asymmetric:
Individuals know their own ability level and effort supply in each
grade and period, but the organization cannot observe these or, al-
ternatively, can do so only by incurring a positive cost. In cases
where the firm cannot observe the worker's input or effort and/or
ability, it might be able to observe the worker's output (as long as the
firm produces a tangible output). But this output is a "noisy" indica-
tor of the worker's effort/ability because output depends on both ef-
fort/ability and other random factors, none of which the firm can
monitor directly. In situations where no tangible output is produced
(e.g., the military), the situation is even worse. The potential for
moral hazard and adverse selection abounds.

Lazear and Rosen (1981) suggest that in such circumstances the or-
ganization may use contests (or tournaments) to motivate work ef-
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fort. Gifford and Kenney (1986) show that contests may be used to
induce workers to reveal their true abilities. In contests, the firm
ranks workers based on supervisors' evaluations, formal proficiency
tests, etc., and rewards them based on their relative rather than their
absolute performance. In such contests, smarter (higher-cc) individ-
uals are inherently more likely to obtain a higher rank-order. But,
rank-order is not strictly proportional to ability; individuals can af-
fect their place in the queue by exerting more effort, eit. Less able
people can surpass more able people by working harder.

We characterize contests as follows. At the end of a given period, the
organization administers an evaluation to those in a given grade. Let
the individual's score on the evaluation at time t, Eit, be a linear
function of his or her ability, work effort during the period, and a
random factor, trt, so that Eit = kiloc + kaeit + ýft.4 The random
factor arises because other unobservable factors-how the individual
felt on test day, gets along with his or her supervisor, and so forth-
may influence the individual's performance on the evaluation. The
test is therefore an error-ridden measure of the individual's true
ability and work effort. We assume that jt has zero mean, so that
each individual's expected evaluation score is a linear function of his
or her true ability and effort, i.e., E(Eit) = kilc + k-2 eit.

Suppose that the contest determines who is promoted at the begin-
ning of t. The organization administers the evaluation, ranks the n
evaluations from highest to lowest, and promotes those with the rt
highest scores, where rt is the number of vacancies in the next-high-
est grade at time t. Thus, the aggregate promotion rate at t is
•; = r / n. Note that the number of vacancies in a grade depends on
how many individuals survive into grade i at time t, sit, as well as on
the survival and retention rates in all higher grades and years of ser-
vice. We denote these survival sequences as Isit I. Therefore, the ag-
gregate promotion rate, which depends on whole retention/survival
sequences, is given by 7t = rt(sit) / n.

4 This formulation of Eit, which assumes that effort and ability are perfect substitutes,
is used for convenience. More generally, Eior = (kouadP + t +er)P-c 1 P + titt where
-1 < p < -o; in this formulation, ability and effort would not be perfect substitutes.
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Let us assume that the organization evaluates the contestants, ranks
the evaluations from highest to lowest, then selects the top r for ei-
ther a promotion or an intragrade bonus. If r of the participants are
to be selected for promotion, then the contestant's evaluation must
be among that of the top r participants in the contest. Thus, the con-
testant must beat out r of the n competitors. Consider any given
contestant. The contestant beats his or her Pth competitor in rank i at
time t if Eit > Et or

kiloc + ki2eit + ýit > kil(iJ + k,2ei + (4.10)
it i

or

kn(x - ac) + k,2(eit - eJ) + itt > •J, (4.11)

where cx is the contestant's ability and &c is that of the fth competi-
tot.

To derive the probability of various places in the contest, let us as-
sume that the ý are identically and independently distributed with
mean 0 and standard deviation a. Then the probability that the
contestant beats the fth competitor is

Pr(Eit > Ej)-- Pr ki( a - &) + k,(eit - ej) + it > 4it]

where F(e) denotes the cumulative density function of 4J evaluated
at [kil . - ac) + ki2 eit - " + t]. If we assume that is normal,

then

[ki,(a - .1+ k2et - + + 41b
Pr( it> !=I, (4.12b)
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where D(e) denotes the standard normal cumulative density func-
tion.

To be promoted, the contestant must finish among the top r places
in the contest. Let Ik denote a /h place finish in the contest, such
that I1 denotes a first-place finish, 12 denotes a second-place finish,
etc. The probability of promotion is yr=lPr(Ik).

An expression for the probability of promotion can be derived when
the contestants are homogeneous (all have the same ability a). For
convenience, assume that k2 = 1 and that all the contestant's com-
petitors supply effort eit. Then the probability that the ith contestant
finishes in the kh place is

P r (I k ) = ( n - k ) ( k - 1 ) ! f Ie t - e *t +__ _ _ _,

x 1 - e* r + ýt ] (Z) dz

n-iCkI [D eit- er + it.

x [I _ .~ejt - eit + it zir dZ

(4.13)

where O(z) denotes the standard normal density function. The term

n-1 Ck-1 is the number of ways that the eth contestant can beat n - k
other contestants but lose to k - 1 other contestants. It may be
shown that if all contestants supply equal effort, then Pr(Ik) = 1/n.
That is, the individual has an equal probability of any rank in the
contest. The probability of promotion to rank i + 1 at period t + 1 is
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rci+l,t+l = Y., Pr(Ik)
k=l

= r n ei - ez + ýit Jj (4.14)
k=1

x1- e - e, + ýit -(z) dz.

[ yý

Since the contestant has probability 1/n of any given rank in the
contest, it is clear that when n contestants supply the same effort,
each individual has a promotion probability nt = r I n. Clearly, then,
increasing the number to be promoted raises nt, whereas increasing
the number of contestants lowers it.

In general, an individual's promotion probability at time t depends
on the aggregate promotion rate, n7,t; his or her own ability and work
effort; and the abilities and work efforts of all others against whom he
or she is competing (denoted co and e°_ 1,,-1 , respectively).
Therefore, nit,, = nit (o, ei-1 ,ot, U0, e it,); it;i increases with U.
and ei-lt-, but diminishes with ac, ei 1 -1 , and in; (i.e., the abilities
and work efforts of his or her peers and the aggregate promotion
rate). Note that the individual promotion probabilities, and thus the
expected gain to staying at time t in grade i, depend on the cohort
retention rates, because nit depends on {sit}.

Involuntary Separation Policies and Work Effort

Involuntary separation brought about by either the failure to be
promoted (i.e., up-or-out) or failure to meet certain minimum-per-
formance standards may also provide effort incentives5 if it makes
future gains (in the form of being permitted to remain in the organi-

5See Kanemoto and MacLeod (1991) for discussion of the differences between the pay
and personnel practices of American and Japanese firms. Japanese firms stress the
use of "carrots," that is, pay, to motivate performance. American firms are more likely
to use "sticks," that is involuntary separation. The differences are explained by the
relative ease of job mobility of American, as opposed to Japanese, workers.
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zation and claim future benefits) contingent on performance. Of
course, for involuntary separation to be an effort motivator, individ-
uals must perceive that they will be worse off if separated or better
off if retained.

To incorporate the role of up-or-out policies, suppose that the orga-
nization has a rule that says that anyone not promoted to grade 3 in
period 3 must leave the firm at the end of period 3. Then in Equation
4.7, the individual's probability of staying, (D2,3 , is zero and expected
lifetime utility, V;,3, at the end of period 3 equals the value of leaving,

-,3. If G2,3 was positive without the separation rule, then V12, is less
than it would have been without the rule. Therefore, the up-or-out
rule makes the individual's expected future success or utility contin-
gent on retention and effort decisions in the current period, period 3.
More generally, owing to the forward-looking nature of retention and
effort decisionmaking, the policy affects decisions in earlier periods.
We explicitly derive these effects in Chapter Five.

A minimum-performance standard, whereby the evaluation process
identifies both poor performers and promotees, makes future em-
ployment contingent on current decisions. Of course, future em-
ployment is valuable only if the gains to staying are positive. We in-
troduce minimum-performance standards as follows. Although
promotion is based on relative performance, we also assume that the
organization requires individuals to perform at time t in grade i to
some absolute minimum, Emin(i,t), to be retained.6 Therefore, given
our definition of the individual's evaluation score, Eit, the individual
is terminated if

kil(X + ki2 eit + ýit < Emin(i,t) or ýit < E'min(i,t) - kil(c - ki2 eit, (4.15)

and involuntary separation occurs with probability Pr (t < Emin(,t)

-kila - k,2eit). Obviously, the probability of involuntary separation

6This assumption is not without precedent; Malcomson (1984) assumes the same.

Alternatively, the minimum-performance standard could be made a relative one by
specifying that the lowest x percent on the evaluation he separated. The U.S. Army's
Qualitative Management Program (QMP) operates in precisely such a fashion. A cen-
tralized promotion board meets annually both to select personnel for promotion and
to decide upon involuntary separatees (other than those who have reached high-year-
of-tenure points). Since 1971, the Army has annually selected about 2.5 percent of
those in grades E-5-E-9 (and who are retirement-eligible) for involuntary separation.
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rises with the minimum required score but declines as ability and
effort increase.

We incorporate the risk of involuntary separation resulting from be-
low-minimum performance by redefining the individual retention
probability as the joint probability that an individual wants to stay
and the organization wants to keep him or her:

(DI, = Pr(-ýit < -Emin(i,t) + kilOc + ki2eit; G,t > -st•). (4.16)

For simplicity, we assume that the random errors in the evaluation
and retention decision equations, ýit and -t, respectively, are un-
correlated. Indeed, there is no reason to believe that there should be
any relationship between them. Under this assumption,

=Di,t Pr(-Ftt < -Emin(it) + kilOc + k2e )Pr( Gi > -Fit)

011, tDI,t , (4.17)

where 'i,) is the probability that this individual will be permitted to
stay and dýiht is the probability that this individual will want to stay.
As a result of this redefinition of (Di t, the inverse Mills Ratio term in
Equation 4.6 is redefined to be 23 /I(2. Thus, Equation 4.7 be-
comes Vi,3 = Li,3 + Fi, 3 G*,3 + (D!i, t , .

Intragrade Pay Policies and Work Effort

The organization wants to motivate individuals to seek the grades for
which they are best matched. However, once workers achieve their
highest position, the organization also wants to ensure that they
continue to supply effort. Further use of promotion contests as an
incentive device is ruled out, because promoting these workers
would reduce Q, the organization's overall output: By definition,
these individuals are ill suited to perform the duties associated with
higher grades. How can the organization motivate effort? It would
seem that without the proper incentives, those who have reached
their terminal grade will tend to shirk.

Consider an individual who is in grade 2 at the start of period 3 and
who knows he has no further prospect of being promoted. What
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work effort will he expend during the third period? Intuitively, he
might not expend any effort, since he has no future promotion
prospect. However, the organization can use several tools to moti-
vate intragrade effort. Conceptually, the issue of how to structure
within-grade pay for those with no promotion opportunities is basi-
cally the same as the issue of how to structure pay in a nonhierarchi-
cal setting. Generally speaking, the organization must make current
pay or status contingent on the individual's past performance.

First, the organization can use involuntary separation as a threat;
those who fail to meet within-grade minimum-performance stan-
dards will be fired. This threat is viable as long as individuals lose
something by being separated. Thus, their future expected net utility
within the organization must be positive. Those with a strong net
taste for the organization (a large r ) will have a greater expected gain
to staying. For others, the organization can ensure that staying is
preferred by deferring some pay into the future. Following Lazear
(1979), the firm might underpay workers in a grade relative to their
true productivity profile initially but, contingent on satisfactory
within-grade performance, overpay them relatively when they gain
more within-grade experience. The contingent pay can take the form
of an intragrade bonus or operate through the retirement system (as
we discuss in Chapter Six). 7 Of course, the intragrade pay spread
must be set together with the intergrade spread; the organization
wants to ensure that those whose best match lies in higher grades
continue to be motivated to seek promotion while those who are bet-
ter matched in their current grade are not motivated to move up. We
discuss the problems of "slumming" and "climbing" in greater detail
in Appendix B. 8

To incorporate this role of involuntary separation, we set nit equal to
zero for those who have achieved their best match (i.e., terminal

7 Underpaying workers relative to their productivity profile within the grade does not
necessarily imply that workers are paid less than their outside alternatives, especially
in the presence of match-specific capital or training.
8According to O'Keeffe, Viscusi, and Zeckhauser (1984), slumming occurs when high-
ability individuals desire to compete in low-ability contests rather than in the
high-ability ones, where they are more appropriately suited. Climbing occurs when
low-ability individuals infiltrate contests designated for the more able (as was first
considered by Lazear and Rosen 11981]).
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grade) and no longer have promotion opportunities, and we let IDU
be the joint probability that an individual wants to stay and the or-
ganization wants to keep him or her. Then the problem of intragrade
incentives brought about by involuntary separation is the same as
the problem described in the preceding subsection regarding the role
of minimum-performance standards. Chapter Five examines how
effort and retention decisions respond to this incentive method.

Second, of course, those who meet the minimum-performance cri-
teria for the grade might still supply less than the efficient amount of
effort. One way to continue to motivate those in their terminal grade
is to offer (contingent) merit pay so that future within-grade pay is
contingent on within-grade performance. For instance, the firm
might evaluate those in grade i at the beginning of t and provide a
bonus to those who meet a certain performance threshold Et. Let
•fit denote the probability that the individual will surpass E'W, the

within-grade threshold in grade i at time t. Implicitly, Wi,t depends
on work effort in the previous period (as with the case of promotion
contests) and ability via dila + d,2eit-1 , where d is a parameter of the
intragrade performance evaluation. Thus, an individual who is not
promoted can expect to receive mn1,t + •gtbt with probability
wi,t= ýVi,t(dilOx + di2 eit_1 > Eu), where bi,t is the bonus in grade i at
time t. Those newly promoted to a new grade do not receive the
bonus until they have proven themselves in the new grade. In
Chapter Five, we analyze how effort and retention decisions respond
to such an intragrade pay scheme. First, we summarize our model
specification and present the comparative static results.

MODEL SUMMARY

Before presenting the comparative static results and examining the
effect of alternative pay policies on decisionmaking, we summarize
the discussion so far by presenting the fully specified model, solved
recursively back to period 1. Expected utility at the end of period 3
for an individual in grade i is

Vi,3 = -Di,3E(Si,3 I G+ > -Fi,3) + (1 - 4.8)L)

= (DGG•3 + LO. + (YAZI'•30ý3 (4.18)
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where

(Di,3 Pr -4 • < -Emin(i3) + k4la + ki2 eB Pr > -si,3t. • a• OE )
= 1 2

•i,30i,3

Q*,3 = T + ',4 + +i,4i + (WRi,4 - Ri,3 ) - (Ce, 3 - K, 4 )- Z(ei4 )

1,,3 = Ce, 3 + R + Fi,3

NJi,4 = VJ(d l1 + dj2e3 > E•),.

Note that, despite the lack of promotion opportunities in period 4,
individuals can increase their chances of earning the intragrade
bonus b1,4 in period 4 by increasing period 3 effort. They also reduce
the likelihood of being fired for insufficient performance. Expected
utility at the end of period t (except for period 3) for workers in grade
i is given by

Vi, = 4, tG, t + L,t + (Y ,Oto , (4.19)

where

•,t = Pr~ <t -Emin(It,+ k1 c + ke2eitPr > -si-

1 2

it = 1i+1 ,t+[t + + 3Vilt+1 - Z(et+it]

+ (1 - 7ci+l,t+÷) [Tm + mit+l +

+ PVi, t+l - Z(eit+i)] - Rit - Cit - Fi, t

Li, t =Ct + Rj, + Fi',t
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7i+1,+ = I[[aeit, a ,eirt, , (s+ ]
Vit+l = x(d11cx + di2eat > Ew,) .

Promotion contests make future rewards contingent on current ef-
fort supply and retention. Those who are not newly promoted can
increase their chances of earning the intragrade bonus bit+l by sup-
plying more period t effort. An individual's expected utility over his
or her career as of the beginning of period t is

"n + ,t + Wi,tbit + PVit - Z(eit). (4.20)

COMPARATIVE STATIC RESULTS

We next examine the individual's effort and retention decisions. We
first derive the determinants of the individual's retention and effort
supply decision. Then we look at the role of various policy alterna-
tives in solving the organization's macroeconomic and microeco-
nomic problems.

Determining the Individual Retention Decision

Exogenous changes within and outside the organization- transitory
disturbance-will affect the individual's probability of staying, Di't,
in grade i at time t in Equation 4.19. Assuming that the transitory
disturbance is normally distributed, Figure 4.1 presents a graphical
illustration of the probability of staying. (We assume here that
(D? = 1.) If G1 is the individual's gain to staying, then Dit is the
area under the normal distribution to the left of G,. A rise in the
gain to staying, from G, to G2,t increases the probability of staying.
Factors that increase the return to staying, Sit, increase the gain to
staying and hence the probability of staying. They include an in-
crease in the individual's net preference for the current employer, a
future increase in pay within the firm (r•,t~+1 , ný+1,t+1 , bi, t+), a higher
present value of future retired pay compared with that already
vested, a lower disutility from work effort, a higher promotion rate,
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Figure 4.1--Probability of Staying

and a greater chance of meeting intragrade performance standards.
Factors that increase the return to leaving, !•,t, reduce the gain to
staying and therefore the probability of staying. They include an in-
crease in the expected present value of earnings with alternative
employers, Qt.

The effect of ability on the individual retention decision is ambigu-
ous. More able workers are not necessarily more likely to leave.
Although they have better outside opportunities, they are also more
likely to be promoted (given effort). If pay varies with grade and/or
the more able are promoted faster, those with better promotion op-
portunities will have a higher return to staying than those with more
limited opportunities. Therefore, the effect of ability on retention
depends on how ability affects earnings possibilities outside the or-
ganization vis-A-vis inside possibilities. Much depends on the
structure of pay and promotion.

Human capital considerations require some discussion. If training
and experience are fully transferable (i.e., the human capital is gen-
eral), the alternative stream ci,t, j, with j = t+ 1 ..... , L, is indepen-
dent of the leaving date t. But, without perfect transferability to
other employers (the human capital is specific), the alternative po-
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tential earnings stream declines with the length of service with the
current organization. 9

Human capital considerations have dynamic effects on an individ-
ual's probability of joining or remaining with the firm. Without dif-
ferential pay incentives or other offsetting effects, an individual who
is confronted with the prospect of a human capital loss because of
nontransferability of skills will be less likely to join the organization
initially (depending on how well informed he or she is) and will be
more likely to leave early in his or her career. However, if the indi-
vidual does stay, he or she will be more likely to remain later on.

Variations in Effort and the Probability of Promotion

Before deriving the optimal-effort condition, we first must address
the question of how effort affects the probability of promotion,
inasmuch as the relationship between effort and promotion proba-
bilities is key to motivating effort supply. In this subsection, we first
derive results for homogeneous contests, then consider how these
conclusions are affected when the contestants are heterogeneous.
Appendix C provides numerical examples of the propositions stated
in this subsection.

Consider a cohort of n individuals in rank i at time t who are vying for
promotion and r of them are to be promoted. If the candidates are
homogeneous, then each individual has probability of promotion nit,
given by Equation 4.14. If a given contestant expands his or her ef-
fort while the other contestants' effort levels remain fixed, then dif-
ferentiating Equation 4.14 with respect to eit, the effect of the extra
effort on the probability of promotion is

= IiI tl, flCk- [.[n-k-(n - 1) (D)]
aeit ( k= 1

X (D()n-k[11-(e k-1 2ZdZx- *('kl[] 2d .

(4.21)

9 Goldberg and Warner (1987) and Borjas and Welch (1986) find that longer periods of
military service do detract from post-service earnings but that the extent of the earn-
ings penalty varies from occupation to occupation.
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It can be shown that Equation 4.21 is positive for all r< n. Thus, if the
contestant expands effort and all other contestants' effort levels re-
main fixed, the contestant's probability of promotion increases.
However, in the case where r = n (everyone is promoted), increased
effort has no effect on the probability of promotion.

The effects of changes in r, n, and a on the marginal effect of effort
on the promotion probability can be derived. First,

an(r + 1; n) Dn(r; n) I - r + 1- (n-i) (.)]
eaeit n r +

X cI(*)n-r[1 - F(.)] 4[(z)]2dz (4.22)

gives the effect on the probability of promotion when the number to
be promoted increases by one. When this expression is integrated
over the range of z, the term [n - r + 1 - (n - 1) O(.)] will have an
expected value of fn - r + 1 - (n - 1) / 2]. This term, and therefore
this expression, is positive when r • n1 2 and negative when
r > (n / 2) + 1. Consequently, when the number to be promoted is
less than half of the number of contestants, increasing the number to
be promoted raises the marginal effect of effort on the probability of
promotion. Conversely, when the number to be promoted exceeds
half the number of contestants, increasing the number to be pro-
moted reduces the effect of effort on nt. Therefore, as the aggregate
promotion rate rin approaches either 1 or 0, the effect of effort on
the probability of promotion diminishes. That is, when almost ev-
eryone, or almost no one, is to be promoted, effort has less effect on
one's promotion chances.

From this result, it is clear that changes in the number to be pro-
moted have an opposite effect. If the probability of promotion is less
than 0.5 and n is increased, thereby reducing rin farther below 0.5,
the marginal effect of effort on the probability of promotion will de-
cline. Conversely, when the probability of promotion exceeds 0.5
and n increases, so that r/n moves toward 0.5, the marginal effect of
effort on the probability of promotion will increase.

It is apparent from Equation 4.21 that an increase in the standard
deviation of the random factors in the evaluation, o7, causes the
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marginal effect of effort on the probability of promotion to decline.
That is, a2n / a7 ae < 0. In other words, the more important are the
random factors that influence promotion, the weaker is the link be-
tween effort and promotion. In the limit, if an individual's evaluation
were completely determined by factors outside of the individual's
control, effort would have no effect on the probability of promotion.

Finally, an important result is that the effect of effort on the proba-
bility of promotion is not invariant to the scale of the contest. We
can show from Equation 4.21, and the numerical examples in
Appendix C confirm, that successive doublings of r and n (so that the
ratio of promotions to competitors remains constant) raises an / De.
This result suggests that, as the scale of the contest increases, each
contestant has more opportunity to jump over his or her competitors
by expanding effort. The consequences of this result for pay policy
are discussed in the next chapter.

Mathematical expressions for the probability of promotion and the
effect of effort on promotion are more complicated when the contes-
tants are heterogeneous. But simulations of heterogeneous contests
indicate that the results just derived for homogeneous contests con-
tinue to carry over to heterogeneous contests, i.e., the contest are
qualitatively the same.

Individual Effort Decisions

The model suggests that individuals supply work effort only when
there is a utility gain from doing so. Recall that Vj* in Equation 4.19
is the expected future utility of an individual in grade i at the end of
period t. An important feature of this setup is that Vi* and the indi-
vidual's expected utility as of the beginning of t (given in Equation
4.20) depends on current and future work effort. Individuals will
choose current effort during t (eit) that maximizes the expected util-
ity given in Equation 4.20, or so that

a Vi t dZ(eit) = 0 . (4.23a)

deit deit

Using the definition of Vi* in Equation 4.19, the optimal effort supply
ei, solves
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P[Dj t2ý G7 * t__ 2--' t D dZ(eit)=i-t + ia -et a e, ,t ae+,- de1 t

or

SG ,t _ 2 dZ (e___ )

j,,t 25L+ p, t ( G,, tO, t + = 0 . (4.23b)aeit cGý deit

The first term in Equation 4.23a or 4.23b is the marginal return to a
unit of work effort (MRE); the last term is the marginal disutility of
effort (MDE). Individuals expend effort during t until MRE = MDE,
i.e., the point at which the increase in future utility due to an extra
unit of current work effort equals the disutility of an extra unit of ef-
fort.' 0

We assume the following effort disutility function:

Z(eit) = 01 2 (4.23c)
02

which is defined for 01 > 0 and 02 > 1. The marginal disutility of ef-
fort is therefore 0,et2-1. When 02 = 2, the marginal disutility of ef-
fort is the linear function 01 eit.

Without more structure (i.e., specific examples and/or functional
specifications), this general condition tells us little about how the
effort choice will vary across and within levels and about how reten-
tion, ability, and the effort decision interact. Therefore, in the rest of
our discussion in this subsection, we take as an example the work
effort decision of those who are in grade 2 in period 2 and who are

1 OIf individuals plan to leave with certainty (as is the case at the end of period 4), so
that Vijt = Lit in Equation 4.23a, then individuals expend effort only if Lit depends
on effort in Equation 4.1. Since, in our formulation, outside earnings do not depend
on effort supplied within the organization, individuals supply zero effort in their last
period.
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working for promotion to grade 3 in period 3.11 Individuals choose
e22 to maximize expected utility at the beginning of period 2 (from
Equation 4.19), or 'T + M22,2 + ,2 + PV2,2 - Z(e22 ), where V2,2 is
expected utility at the end of period 2 in grade 2. This maximization
requires choosing e22 so that

[13,3 ' M 3,3 - rn2 ,3 - Nf2,3b2,3 +

P( V;,s 3 V2*,3 + (1 - T3,3) k, aW2,

I342,2[,2 ~2,2 •, +222 - ee 2 - = 0

(4.24)

where naT3 ,3 / Ie 22 is the rate at which the individual's chance of pro-
motion in period 3 increases by working harder in period 2 and
where the second term captures the effect of changes in e22 on the
probability (and the rate of change in the probability) that the
individual will meet the retention hurdle and be permitted to stay,
given the individual's decision to stay. In the second term of
Equation 4.24, 02,2 is the ordinate of the standard normal function
evaluated at [Emin( 2 t-k2lOx - k 22 e 2 2] / Cyý. When no minimum-
performance standards are in effect and everyone is permitted to
stay, 021,2 is zero and the second term in Equation 4.24 disappears.
Otherwise, the second term can be positive or negative, depending
on the sign of G2,2 .

Figure 4.2 shows the optimality conditions. The MRE curve slopes
downward and the MDE curve slopes upward, owing to our assump-
tion of increasing marginal disutility of effort.' 2

I t The promotion probability is thus 1t3,3 = 7[cx,e 22 ,rxe,e22,7n3,({s 3,2 } and

grade retenton + hu>rls 3) is the probability that an individual passes intra-grade retention hurdles.

12We assume that the second order condition for a maximum holds. This condition is
presented in Appendix D.
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Figure 4.2-Equilibrium Work Effort

In Chapters Five and Six, we devote a considerable amount of our
discussion to how effort supply responds to policy changes.
Graphically, these changes in policy can be represented by shifts in
the MRE schedule. Such shifts change the optimal effort supply. For
example, a pay increase would shift the MRE schedule out to the
right and the optimal effort supply would rise. We derive the effects
of alternative policies on effort supply more formally in Appendix D.

AGGREGATION: DERIVATION OF COHORT
RETENTION RATES

To this point, individual retention probabilities have been condi-
tioned on the individual's tastes and ability. Here, we derive the
fraction of an entry cohort that is expected to survive to each period
of service, svq, and the entry cohort's conditional retention rate at
each period, svt / svt-1 . Consider first retention at the end of the ini-
tial period, when the accession cohort N1,1 is still in grade 1. Each
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individual in this cohort has a gain from staying G;,1 that is condi-
tional on his or her net taste, c, and ability, a. Assume that T and cx
follow a bivariate probability density dF(r, a) (e.g., normal) over this
initial cohort with mean vector p = ýL, pL I' and covariance matrix

[21a = 2 paGTo- (4.25)

The parameter p is the correlation between tastes and ability. The
retention rate at the end of period 1, s1,1, which also equals the sur-
vival rate into period 2, SV 2 , is

s1,= = SV2 = f (I-fLl L dF (, a) . (4.26)

Thus, the cohort retention rate at the end of period 1 is a weighted
average of the individual retention probabilities.

To derive the three-period survival rate, sv3 (the fraction of the N 1,1
hires who stay into period 3), we take the proportion who survive at
the end of period 1 (defined by Equation 4.14) and determine the
proportion of this group that will be promoted and stay at the end of
period 2 and the proportion that will not be promoted but will still
stay. Let w1,2 be a discrete indicator variable equal to 1 if the indi-
vidual occupies grade i at the end of period 2 and 0 otherwise. Then
the fraction of entrants who survive to the start of period 3 is

Sv 3 = F F [ll ,  2 -+ W2 ,2 (I ý2l Gi, I ý dF(t, cc). (4.27)

The aggregate conditional retention rate in the second period is
sv3 / sv2 . Survival to later periods is defined analogously.

The model incorporates two noteworthy characteristics of cohort re-
tention. One is the widely observed tendency for the conditional re-
tention rate, svt I svt-l, to rise with job tenure, t, despite the fact that
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there is a new drawing of the random shock, ait, in every period and
grade. The reason for the rise is that those with low values of r are
more likely to leave early, leaving the group that remains composed
of individuals who, on net, have stronger tastes for the current em-
ployer and are therefore more likely to stay in subsequent periods
than the initial entry cohort would have been.' 3

The second characteristic is that conditional retention depends on
past pay policy as well as on future policy. That is, the model is both
backward-looking and forward-looking. For example, suppose the
organization pays a one-period bonus at period t- 1. Retention will
increase in period t - 1 and in earlier periods, primarily among those
who are just on the margin of a stay-leave decision. Absent any fu-
ture pay changes, some of these marginal individuals will leave at the
end of the next period, thereby reducing that period's conditional re-
tention rate.14 Conversely, a reduction in this period's pay will lower
this period's retention rate but increase future retention rates.

B3 As a technical note, conditional retention rates do not rise with job tenure if

dF(t, a) is degenerate (i.e., everyone has the same ability and tastes).
14 Evidence from military reenlistment studies supports this conclusion. Goldberg and
Warner (1982) find that the probability of a second reenlistment is negatively related
to the size of the bonus for the first reenlistment.



Chapter Five

THE EFFECT OF POLICY ON INDIVIDUAL
DECISIONMAKING

In focusing on the decisions facing the organization, we noted in
Chapter Two that the organization must solve both macroeconomic
problems-designing policies that will enable it to balance its actual
inventory (supply) with the inventory it requires (demand)--and
microeconomic problems-designing policies that will motivate ef-
fort and induce the most able workers to seek the higher-level posi-
tions. Individual responses to policy form the basis of the micro
problem, which is the subject of this chapter. We first examine the
effect of various organizational compensation and personnel poli-
cies, including promotion contests, up-or-out policies, involuntary
separation, and intragrade pay. Then we examine the effects of re-
tirement policy on decisionmaking.

THE EFFECTS OF ACTIVE-DUTY POLICY

Increasing the Promotion Probability

Promotion has a direct effect on individual retention decisions.
Individuals with a greater chance of promotion are more likely to
stay because the expected gains to staying in Equation 4.19, and
hence the individual retention rate, increase with the promotion
probability,nilt.

Our model also reveals a more subtle, secondary effect of promotion
contests that reduces the individual retention rate of employees in
lower grades: As more individuals remain in grade i in response to
the positive retention effects of a higher probability of promotion to
the next grade, the grade-specific survival rate increases, leaving

73
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fewer vacancies available for those in lower grades. Thus, the future
sequence of aggregate promotion probabilities {r,t} for those facing
a retention decision in grade i is lower. Clearly, changes in the pro-
motion rate of individuals in one grade have second-round effects on
the retention rates of those in other grades.

Increasing Intergrade Pay Spreads

Increases in the intergrade pay spread also increase individual re-
tention rates. From Equation 4.19, we find that Gir increases with
the intergrade pay spread weighted by the promotion probability,
i.e., ni+,t+l (n,+i,t+l - nT/,t+1). Promotion policy and intergrade pay
spreads also affect current effort supply: Individuals vary effort in
each period to satisfy Equation 4.24. We have seven results. First,
like Lazear and Rosen (1981), Nalebluff and Stiglitz (1983), and
O'Keeffe, Viscusi, and Zeckhauser (1984), we find that larger pay dif-
ferentials encourage effort; in Equation 4.24, effort rises with the pe-
riod 3 intergrade pay differential (Mr3 ,3 - M2,3 - N2,3 b 2 ,3 P1

Second, in our multiperiod framework, current work effort also de-
pends on all future payoffs to current work effort, not just on the
next-period differential. For example, period 2 effort rises with

3(V3,3 - V2",3), which depends on future pay differentials.

Third, a given pay differential (or present value of future pay differ-
entials) induces less work effort in lower hierarchical levels than in
higher ones because individuals do not work as hard when they have
a lower probability of staying. The marginal return to effort increases
with the individual's probability of staying (02,2 in Equation 4.24).
Individuals with stronger tastes for the organization have a higher
probability of staying, because an increase in r increases D2 ,2 , and
they will supply more work effort than those with a smaller value of
"T .2 The model predicts that aggregate work effort will be lower
among those with less tenure because, ceteris paribus, workers with

1 In our model, the pay differential includes the intragrade bonus term weighted by the
probability that the individual earns it, Y2,3 b2,3.
2Drafted armies are notorious for shirking; the result here makes clear why: Draftees
probably perceive that the likelihood of remaining beyond the initial enlistment is low,
in which case their work effort is likely to be low as well.



The Effect of Policy on Individual Decisionmaking 75

less tenure have a lower mean taste for the organization and there-
fore a lower mean probability of staying.

Fourth, the effect of a given pay spread on work effort depends on
the rate at which promotion chances improve with effort,
aR3 ,3 / ae 22 .3 Individuals are likely to work harder when extra effort
improves their promotion chances markedly than when it improves
them only a little. Consequently, a given pay spread will have a
greater effect when aTE3 ,3 / ae22 is larger. The size of ai 3 ,3 / ae 22 de-
pends, in turn, on the aggregate promotion rate. When the aggregate
rate is either very high (promotion occurs almost with certainty) or
very low (the individual has little hope of promotion), then
aRt3,3 / ae2 2 will be small as well. The derivative aTC3 ,3 / ae 22 is largest
when Rt3 ,3 equals 0.5. Therefore, as 71 departs from 0.5, the value of
e22 that solves Equation 4.24 will be lower.

The size of a713 ,3 / ae 22 also depends on the variance of ýjt relative to
the size of kil and k12 . In other words, the rate at which effort im-
proves the likelihood of promotion also depends on the relative im-
portance of random factors ("noise" or "luck") in the promotion
contest. A given pay spread will have more of an influence on effort
when luck is a less-important factor in determining promotions (i.e.,
when k2 /I a is larger). Note that because promotion in the lower
ranks is based on explicit criteria or standards, luck has only a small
influence on promotion outcomes in the lower ranks. Luck assumes
a larger role as individuals progress through the upper ranks. Having
the "right" assignment, working for the "right" mentor, etc., figure
larger in the promotion outcomes at higher levels. Thus, a given in-
tergrade pay spread will have less effect on effort in higher grades
than in lower grades.

Fifth, at3,3 / ae2 2 will be bigger the more contestants there are.
Intuitively, the more contestants there are, the more chance a given
contestant has to surpass others by working harder. Effort has a
larger payoff the larger the scale of the contest is. This scale effect
provides another heretofore-unrecognized reason for a skewed inter-
rank pay system in a triangular hierarchy.

3 Although the argument in this paragraph refers to intergrade pay spreads, a similar
argument can be made about intragrade merit-pay increases and the role of
aWl2,3 / ae 2 2 in motivating period 2 effort.
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Finally, intergrade differences in rank-specific nonpecuniary factors
will also affect effort. The privileges, power, and status associated
with higher grades are a form of nonpecuniary compensation. 4 We
incorporated these factors in our model via the rrhnt defined in
Chapter Four. (Recall that pay is the sum of pecuniary and nonpe-
cuniary benefits, i.e., mi't m= n + mf,.) We have two results, the
sixth and seventh. The sixth is that the more important tastes are for
the m•f, the more retention varies with grade, irrespective of differ-
ences in monetary compensation. The seventh is that the larger the
differences are in the rrint, the smaller are the differences in mone-
tary compensation required to solicit a given amount of work effort.
For example, with these factors explicitly incorporated into the
model, Equation 4.24 becomes

n P + m Mn +m ~ l,
P(D2,2 [ ae22  m3 3, 3 + 3 323) 2, M_ -2,3 k,3 +

L - V;,3)) + (I - 713,3) b2  al j+3
+, OaP

2 ]--

(5.1)

The larger the nonpecuniary differential (mL3 - mZ3) is, the smaller
the monetary pay differential between level 2 and level 3 needs to be
to provide the same effort incentive. 5

4 Higher-ranked individuals may gain differential treatment by the organization. For
example, individuals may get allowances for housing. In the military, higher-ranking
personnel have access to better on-base housing, may receive faster and better
treatment in military hospitals, get preferred starting times at the base golf course, and
so forth.
5This result does not imply that pecuniary and nonpecuniary pay are entirely fungible,
given that tastes for nonpecuniary benefits are unlikely to be uniform. Some
individuals would prefer cash compensation because they have little use for some
nonpecuniary benefits (e.g., young and healthy individuals are unlikely to use health
benefits extensively). Similarly, some individuals prefer nonpecuniary benefits over
cash because of the benefits' tax advantages. In either case, ignoring administrative
costs, providing a uniform level of benefits is not efficient, because the organization
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Up-or-Out Policy

Introducing up-or-out rules tends to reduce the gain to staying and,
hence, the probability of staying. From Equation 4.19, an up-or-out
rule that involuntarily separates those in grade i who have not been
promoted to grade i + I at the beginning of t makes the probability of
staying Firt at the end of t equal to zero and lifetime utility, V,
equal to the value of leaving, !•,t. If !•,t is less than what V*t would
have been in the absence of such a rule, then individuals in grade i at
the end of t- 1 are less likely to stay. This condition is more likely to
be satisfied when, in the absence of the rule, the organization defers
a large part of a worker's compensation into the future because, in
this case, workers who fail to be promoted (and thus would be sub-
ject to the rule if it is introduced) will tend to expect to get more by
leaving than by staying: Current compensation is less if some is de-
ferred into the future; thus, outside opportunities will seem relatively
more attractive, so the workers leave.

Up-or-out rules are more likely to adversely affect the retention deci-
sions of the least able individuals. 6 As long as more able workers
perceive a higher promotion probability and thus a lower chance of
facing the up-or-out high-year-of-tenure point, this negative reten-
tion effect is strongest for those who view themselves as having the
greatest chance of facing the up-or-out rule, i.e., the least able. From
an organizational-policy standpoint, it is precisely these less able
workers that the firm should prefer to release.

Up-or-out rules also affect effort supply. Given their effect on effort
in Equation 4.24, up-or-out rules are effectively a method for increas-
ing intergrade pay spreads. Reducing V;,3 to the value of L 2 ,3 in-
creases the spread P3(V;,3 - V2; 3 ). Thus, an individual at the margin
must increase effort in period 2 if Equation 4.24 is to be satisfied.

could make personnel better off at the same cost by either paying entirely in cash or by
varying the mix of cash and benefits according to tastes.
6 By assumption, individuals know their own ability level. In a more general
framework, in which information on ability is symmetric and individuals also learn
their ability over time, up-or-out rules would affect those who lack confidence and
believe that they are low ability (regardless of whether they are, in fact, less able).
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Minimum-Performance Standards

Minimum-performance standards, whereby workers are fired if they
fail to meet them, raise current effort if workers have a positive gain
to staying because individuals must expend some work effort to meet
the retention hurdle. When the probability that the individual stays
depends on meeting the minimum standard, the expression
in the second term in Equation 4.24 is nonzero, i.e.,
4•2',2 (G;,22,2 + aY4•, 2)ki2 G4 # 0. All terms other than G;,2 are al-

ways positive. Therefore, if G2,2 is positive, then this expression is
positive. Thus, increasing effort increases the probability that the
individual will be allowed to stay, (D212, which increases the individ-
ual's expected utility at the beginning of period 2. The rise in ex-
pected utility means that the individual is willing to supply greater
effort during period 2, at least to the point where MDE equals MRE
again.

The effect of minimum-performance standards depends on whether
the individual views staying as worthwhile, i.e., on whether G;,2 is
positive. One way for the organization to ensure that the gain to
staying is positive is to defer some compensation into the future, ei-
ther in the form of a bonus or retired pay, as we discuss below. This
result is consistent with the general principal-agent literature, which
finds that firing workers with unsatisfactory performance and mak-
ing some compensation contingent on staying (and thus satisfactory
performance) increases effort.

A higher performance standard has an ambiguous effect on the in-
dividual's retention decision. If individuals know that they must ex-
pend additional effort in each future period to be retained, they will
perceive a lower gain to staying because of the disutility of the extra
effort required to surpass the minimum standard; therefore, they will
be less likely to stay. But as with an up-or-out rule, minimum-per-
formance standards have a greater effect on less able individuals or
individuals who have a high disutility of effort, because they are more
likely to be affected by the standard. By inducing separations of low-
ability/-effort individuals, minimum standards reduce the probabil-
ity of promotion and therefore reduce the retention of high-ability/
-effort individuals because the competition becomes tougher as the
quality of the promotion pool rises when low-ability/-effort individ-
uals leave. But offsetting these declines in retention is the increase in



The Effect of Policy on Individual Decisionmaking 79

the number of available promotion opportunities, which increases

the retention of higher-ability/-effort individuals.
7

To capture the terminal-grade idea from Chapter Four, we let ci+,,t+l

equal zero in Equation 4.19 and Di~t be the joint probability that an
individual wants to stay and the organization wants to keep him or
her. We focus solely on the involuntary-separation policy for now
and set /i,,+i equal to zero. Using Equation 4.24 as an example, in-
dividuals expend work effort in period 2 to the point where

P, 2 ( G;,2 ,2 + 2,2)--- l2 O. (5.2)

When G;,2 is negative, this equation will be satisfied at some positive
level of effort as long as (72,2 > D2

Intragrade Contingent Pay

Another intragrade policy option is to offer a bonus, hi,t, to those
who surpass intragrade performance standards.8 Again, we let ,tt
equal zero. Using Equation 4.24 as an example, an individual sup-
plies effort in period 2 to the point where

1N 02,/ 0o2-1 = 0
P(I2,2 (2,3 ae22 ) - ()"22 (5.3)

7 The presence of an involuntary-separation policy provides yet another reason for
retention to rise with tenure. The policy induces low-ability and/or low-effort
individuals to leave early. As this sorting occurs, the incidence of separations for
failure to meet minimum-performance standards is likely to diminish. Beyond some
period of service, there may be no separation for failure to meet minimum-
performance standards, even when the standards are quite effective. We thank
Sherwin Rosen for this point.
8 0f course, a more general policy would be to combine the carrot of a bonus with a
stick of involuntary separation. Thus, the bonus policy could be combined with the
minimum-performance standard described above. In the text, we focus on the carrot
and assume that the organization does not use involuntary separation so that
individuals in period 2 in grade 2 (in Equation 4.24) have Pr(-42 < -Emin(2,2) + kila
+ k12 e,2 ) equal to zero.
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The first term is the (discounted) bonus weighted by the product of
the effect of current effort on the probability of receiving it and the
probability of staying to get it. Clearly, effort expands with the re-
sponsiveness of the probability of bonus receipt to work effort,
a12,3 / ae 2 2 , the size of the bonus, bi,t, and the individual's likelihood
of staying.9

THE EFFECT OF THE STRUCTURE OF RETIRED PAY

Our framework enables us to derive the effect on retention and effort
decisions of different aspects of defined benefit pension plans, such
as the benefit formula, vesting provisions, and provisions for early
retirement, the "normal" age of retirement, cost-of-living adjust-
ments, and mandatory retirement.

For the retirement system to affect stay-leave decisions, it must affect
the gain to staying. Consider the retirement decisions at the end of
periods 2 and 3. From Equation 4.18, [G*,3 = T + MO,4 + ibi,4
+ (PR, 4 - R, 3 ) - (CO,3 - KC, 4) - Z(ei)] is the gain to staying at the
end of period 3. The effect of the retirement system operates
through the size and functional form of the term (i,4 - Ri,3 )
relative to the other terms in the equation, such as direct pay. For
workers at the end of period 2, the expected gain to staying is from
Equation 4.19:

Gi*,2 =i+1,3 ITm + mi+1,3 + 3i + 1,3 - Z(e,.3 )] + (1 - ni+1,3)

X [Tn + nT 3 + Wi,34•,3 + PVii3- Z(ei3 )]- Ri, 2 - ,- ,2

= R + l1, 3 0 i + 1, 3 i+ 1, 3 +t (1 - ]Ti+ 1, 3 ) O i, 3 i, 3

+ P3E(R 3) - A4,2 - X -Z (e.3 ) - ;,2 - Fi,2 , (5.4)

9These results are, of course, standard in the literature (see Lazear and Rosen [1981],
O'Keeffe, Viscusi, and Zeckhauser [1984], and Nalebluff and Stiglitz [19831). The
bonus considered here is not to be confused with enlistment and reenlistment
bonuses paid by the U.S. military, which are offered "before the fact" to encourage
people to join or stay and which are not linked to performance.
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where we use Equation 4.19 and where

X = iTi+l, 3 [Mi+1, 3 - (rMO,3 + Wi,3bi,3 ) + 3(Ci+1 ,3 - Ci,3 )

+ I(ri+L,3 - ri,3 ) + P(C7'33(,)2+1,3 - O4i3]

E(R 3 ) = tli+1 ,3 Ri+l,3 + (1 - 7[i+l,3)Ri,3 .

The term E(R3 ) is the expected retired pay if an individual leaves at
the end of period 3. The retirement system's effect on the stay-leave
decision at the end of period 2 is captured by

0[3[it+1,3(I)t+1,3(13Rj+I,4 - R1+1,3) + (1- 7Ci+1,3)DiF,3 (fRi,4 - R)

+ P3E(R 3) - Ri,2 . (5.5)

Equation 5.5 also depends on the probability of promotion and the
probability that the individual stays at the end of period 3.

These equations show how retired pay enters into the retention de-
cision; however, it does not necessarily follow that retired pay will al-
ter individual stay-leave decisions, for two reasons. First, workers
will be unaffected by the size or structure of retired pay at the end of
period 3, when retired pay is actuarially fair (and workers are fully
vested), because 3Rir - R1,t 1 = 0 in this case. 10 Second, even with-
out actuarial fairness (whereby benefits have no effect on retention
because they are the same regardless of the retirement date, so that
PRi,, - Rir # 0), the effect of the retirement system will be neutral
if workers are fully aware of, and can take into account, the one-for-
one trade-off between their pay in period 4, rn, 4 , and the difference
PRi,4 - R1,3 that occurs through the organization's budget constraint:

Any additional accumulation in retired pay earned by deferring re-
tirement will be viewed as being offset by reductions in regular pay.
Therefore, for the distinction between retired pay and regular pay to

l0 For retired pay to be completely neutral, the individual's rate of time preference, i.e.,
P, where PRi,t = Ri, tr1, and the employer's discount rate must be the same.
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be meaningful, workers must not be aware of (or are unable, because
of capital market imperfections, to take account of) a direct trade-off
between pay types.

However, if retired pay has a non-neutral influence, then both dis-
counting and promotion influence its retention effect, as Equation
5.5 illustrates. A decline in the discount factor 1P (which is the same
as an increase in the personal discount rate) reduces the effect of a
given increment in retired pay, such as P3RO,4 - Ri,3 , on the retention
decision. A rise in the worker's perceived promotion rate increases
the influence of retired pay on retention. Once retired pay is allowed
to influence decisionmaking, pension structure and provisions can
have either a positive or a negative effect, or both. We examine the
effect of some of the key aspects of retired pay in the following sub-
sections.

If retired pay is not offset by pay policy and it is not actuarially neu-
tral, it will also affect individual effort decisions through the expected
gain to staying Gt. As is shown in Appendix D, under certain cir-
cumstances, the effect of Gt on effort supply is positive. Thus, a
change in retirement policy that increases Ght will also increase ef-
fort in period t. When staying is viewed as better, individuals then
place greater weight on increases in effort, which also increases their
probability of staying. In what follows, we assume that G~t and effort
are positively related. Thus, by examining the effect of pension pro-
visions on Gt in the following subsections, we can infer the effects
of such provisions on both retention and effort.

Vesting Provisions

Vesting provisions stipulate how and when workers earn the right to
claim their retirement benefits. Under "cliff-vesting," workers have
zero rights to their pension accrual before a certain age or year of
service and have 100 percent rights after that time. Under graduated
vesting, workers earn some portion of their rights at a certain age or
year of service; this portion rises to 100 percent with time. Vesting
stipulates only the right to claim the benefit. A 35-year-old worker
who is 100 percent vested in his or her pension plan has the right to
claim the benefit at age 65, for example, but not at age 35. Being
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vested does not necessarily mean that the benefit can be claimed at
any time.

The retention effect of vesting depends crucially on the relationship
between the vesting age or year of service and the pension-taking age
or year of service. In the military, these are the same, causing some
confusion about what the effects of vesting really are. In the private
sector, the difference between the two dates can be enormous.
Under the 1986 Tax Act, private-sector pensions with cliff-vesting
must, beginning in 1989, be fully vested at five years of service (and
those with graduated vesting must fully vest at seven years). Even
with an early-retirement age of 55, the difference between the pen-
sion-taking age and the vesting age is 30 years for a 25-year-old
worker with five years of service.

The effect of cliff-vesting on the stay-leave decision is illustrated by
considering the retention effect of the retirement system at the end
of period 2 (which is given formally in Equation 5.5). Consider two
cases: (1) when the pension-taking and the vesting dates are the
same (as in the active-duty military system) and (2) when the pen-
sion-taking date exceeds the vesting date (as in the reserve retire-
ment system and most civilian pension systems)." In the first case,
cliff-vesting improves retention relative to full vesting if Equation 5.5
is larger under cliff-vesting. 12 However, even if cliff-vesting affects
retention positively, the effect is smaller for younger workers because
their tenure is farther from the cliff-vesting date. Young workers'
future retirement benefits are discounted (1) by their rate of time
preference 13 for more years and (2) by their lower probability of
staying.13 In the latter case, cliff-vesting is not a sufficient condition
for retired pay to have a large effect on the stay-leave decision, be-
cause the effect depends on the amount of time between the vesting

"Military reservists who earn 20 years' worth of retirement credits are eligible for a
pension beginning at age 60.
120r, more formally, because under cliff-vesting, Ri,2 ,Ri+1 ,3 , and Ri,3 are zero
and Ri+1 ,4 and RO,4 are positive in Equation 5.5, retention improves under cliff-
vesting if 1[7ri+ls4D+1,3 (PRi+,, 4 - Ri+1,3 ) + (1 - tji+1,3) 0i,3 (pRi,4 - R43)] + 3E(R3 )
- R42 , which is the retention effect of the retirement system under full vesting,
exceeds Pr[i+L34Pi+1, 3Ri+ L4 + (1 - i + ,L3)(i, 3PRi, 4 ], which is the retention
effect of the system under cliff-vesting.

13 As shown below, the pension formula can exacerbate the smaller effect of cliff-
vesting as age decreases.
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and the pension-taking date. Cliff-vesting has a smaller effect on re-
tention the earlier the vesting date is relative to the pension-claiming
date, because more discounting occurs.14

These results explain why military vesting creates such a strong re-
tention effect for those with between 10 and 19 years of service: The
vesting date and the date when the pension stream may be claimed
are the same. Although these soldiers are relatively young in age,
they "act" like older, more senior workers in the private sector. The
retention effect for these soldiers would be substantially less if they
could begin claiming their pension benefit only at age 65 rather than
at 40 (roughly). The strong retention effect associated with military
vesting is generated by both its 20-year cliff and the pension-
eligibility-date provision.

The Pension Formula

The pension formula may also alter the gain to staying. Under con-
ventional formulas-such as the military's formula-benefits are
proportional to both years of service and wages. Conventional for-
mulas generally use the worker's average wages in the final years of
service for two reasons. First, if wages rise with inflation, they index
pension wealth to the inflation rate, as of the retirement date. The
worker's pension wealth is increased, especially when inflation is
high, and the administrative costs of making ad hoc cost-of-living
adjustments are reduced. Second, if wages rise with productivity or
level in the organization, such formulas index pension wealth to the
worker's career performance.

To analyze how conventional plans affect retention, we abstract from
the effects of vesting by assuming that all workers are fully vested.
We also assume, without any loss of generality, that D, the date of
death in Equation 4.1, equals 8. We also let the retirement annuity,
ri,t, be given by a conventional formula, rit = ut(miý,t + i#i,tbit),

14More formally, if workers are cliff-vested at the end of period 3, then Equation
5.5 becomes O[iti+ 1,3(Di+1,3(ORi +l,4 - Ri+l,3)+ (1 - iri+l,3)b4, 3(PRi,4 - R, 3 )] + PE(R3 ),
since R42 = 0. But, if individuals are cliff-vested later, at the end of period 4,
then Equation 5.5 becomes p[I2[i+1,31i+1,3(P•R+1,4 - Ri+1 ,3 ) + (1 - ni+l,3)(D43(PRi,4
- Ri, 3)] + p 2E(R 3 ), which is clearily smaller.
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where -o is a constant multiplier, t is years of service, and
(mit + vijbt) is pay plus the expected intragrade bonus. Thus,
given D = 8, the expected present value of retired pay at the end of
period 2 is

8
Ri,2 = ri,2 (l+ [• + P2 + P3 +034 + P 5 ) 20(mr•, 2 + Vk,2bi,2) P-'3 . (5.6)

i=3

The retention effect of the retirement system at the end of period 2 is
captured by the term j3E(R3 ) - R,,2 in Equation 5.5. For D = 8, this
term equals

-21o(ni,2 + iji,2bi,2 ) + 'u{3[rt,+1,3(mi+i,3 + Vi+l,3bi+l,3)

+ (1i- t+i,3)(m, 3 + V,3bi,3)
8

-- 2 (ri, 2 + Vi,2 bi,2 )}1 pi-3. (5.7)
i=4

This term increases with increases in the intergrade pay spread, the
probability of earning the intragrade contingent pay, the probability
of promotion, and the intragrade bonus. Similarly, future random
shocks, tastes, and organizational policy will also affect the retention
decision. Note that a positive retention effect of a conventional plan
also translates into a positive effect on effort supply, because effort
rises as the gain to staying rises.

The retention effect of a conventional plan is particularly strong be-
cause each additional year of service increases pension wealth in two
ways.15 First, holding wages constant, an additional year directly in-
creases pension wealth via t in rt. Second, each additional year in-
creases pay, either through intragrade or intergrade increases.
Workers who stay increase their pension wealth because they earn
higher pay with each year of service and they accumulate more years
of service, which multiply this higher pay. Leaving the organization

15 Lazear (1985) shows that, in fact, individuals are too motivated to stay. As a result,
conventional pension formulas are inefficient.



86 A Theory of Military Compensation and Personnel Policy

delinks regular and retired pay: The worker receives a lower total
pension at retirement because final years' wages in the current and
next job are multiplied by fewer years of service. By staying, final
years' wages are multiplied by more years of service. This effect oc-
curs regardless of worker seniority, but it is strongest for older work-
ers who would be hurt the most by fewer years of service at retire-
ment.

Conventional plans can motivate effort and retention among fully
vested workers. Vesting is not essential for the retirement system to
influence individual decisions. The retention and effort-supply ef-
fects of conventional plans are stronger the steeper the wage profile
is, or the more wages rise with seniority and/or productivity; the
steeper the wage profile is, the greater is the cost of leaving under a
conventional plan, and thus the larger are retention and effort sup-
ply.

Early-Retirement Provisions

Early retirement has become more common in the private sector,
and the age of early retirement has been decreasing. To partially off-
set the longer payout period, most early-retirement provisions re-
duce benefits in a graduated manner. Full benefits are given at the
"normal" retirement age. The military's retirement system offers
graduated early-retirement benefits for those who entered service as
of August 1986; individuals receive a reduced benefit after 20 years of
service but a full benefit after 30 years. Below, we analyze the effect
of early-retirement benefits on the gain to staying. We abstract from
the confounding effect of vesting by assuming that all individuals are
fully vested.

Individuals who leave at the early-retirement age receive a reduced
pension plus the value of their outside opportunities. If they stay,
they get their current wages plus the option to receive higher wages
and a more lucrative pension in the future. The retention effect of
the pension depends on how benefits are reduced for early retire-
ment. More specifically, when early-retirement benefits are not ac-
tuarially fair, the effect of early retirement provisions depends on
whether the present value of benefits, Ri,t, is greater at earlier or later
retirement ages, i.e., on the relationship between Ri,t and Ri,r+i dur-
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ing the early-retirement-age window.16 For example, compared with
the pre-1986 plan, the post-1986 military retirement plan accelerates
the growth in the rate of retirement benefits for service beyond 20
years and, therefore, all else being equal, encourages greater re-
tention in the post-20 YOS years.

Early-retirement provisions encourage retention among younger
workers who have yet to reach the early-retirement age. Whereas, for
a given retirement age, pension benefits are less valuable to younger
workers than to older ones because of discounting, early retirement
increases the present value of benefits to younger workers by allow-
ing workers to draw benefits at earlier ages. As a result, early retire-
ment increases the cost of leaving and the incentive to stay.

What happens when the early-retirement age is reduced? The an-
swer depends on how benefits vary with retirement age. If the ben-
efits are actuarially fair, only the relationship between wages and
outside .opportunities matters to those who have reached or sur-
passed the early-retirement age. Individuals will leave earlier if the
civilian sector is more lucrative. If the present value of benefits is
skewed toward retiring later, retention may be unchanged for those
at or beyond the early-retirement age. For younger workers, the an-
swer is clear cut: Reducing the early-retirement age increases the
present value of benefits and encourages retention and effort supply.

Conversely, deferring the age when retirement benefits can be
claimed reduces the gain to staying, even for fully vested workers. If
the length of time between the vesting date and the pension-taking
date is large, even when all workers are fully vested, the effect of an
individual's earned pension benefit on the gain to staying is smaller
at the vesting date. Offering the right to claim a pension benefit-
vesting-by itself, does not necessarily improve retention or work
effort.17

16 Note that beyond the normal retirement age, the present value of retirement
benefits typically falls drastically to motivate workers to leave.
1 7Allen, Clark, and McDermed (1991) find empirical support for this result.



Chapter Six

ORGANIZATIONAL DECISIONMAKING: SETTING
ACTIVE PAY, RETIRED PAY, AND PERSONNEL POLICY

We now turn to the question of how the organization should set per-
sonnel and pay policy given its macro and micro goals and given in-
dividual decisionmaking. Because of technical requirements for per-
sonnel at each hierarchical level and because of limited lateral entry,
the organization must also consider the management of personnel
flows in designing pay and personnel policy. We discuss first this as-
pect of personnel management, then examine alternative pay and
personnel policies.

MANAGING PERSONNEL FLOWS

Without lateral entry, individuals in the organization are valuable for
what they produce in their current grades and for what they are ca-
pable of producing in higher grades in the future. Thus, associated
with each worker is the value of his or her current productivity and a
shadow value equal to what he or she could produce in a higher
grade in the future. On the other hand, some individuals may per-
form adequately in their current positions but may be unsuitable for
higher positions in the organization. The clogging of promotion op-
portunities that these individuals create is a problem when the firm
requires a large, upward flow of personnel to staff the higher ranks.
Put differently, there is a shadow price associated with filling a posi-
tion with a particular individual equal to the negative spillover effect
(i.e., span-of-control consideration) on promotion opportunities of
having the position filled plus the forgone value of filling that posi-
tion with someone who is potentially more capable.

89
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The organization must access and train a large enough pool of work-
ers in the lower ranks to maintain the flow of workers necessary to
staff the upper ranks. The individuals in this pool must also have
sufficient ability to staff these future higher-ranked positions; oth-
erwise, the firm faces the chance that an upper-level vacancy will not
be filled with a qualified individual. The larger are the positive
downward-productivity externalities that arise from filling the upper
positions with more able people, the greater is the shadow value of a
more able individual and the more emphasis this organization must
place on recruiting, identifying, and promoting the most able work-
ers.

The flow required to sustain the upper ranks depends on several
factors. One is the shape of the pyramid. The taller the pyramid, the
larger is the required flow. But, the more ability affects productivity,
the more important it is for the organization to advance only those
who are qualified for higher-level jobs. Consequently, the more het-
erogeneous is the talent pool from which the organization hires, the
more it will have to hire and sample before identifying those with the
talent to advance in the organization (recall our assumption that
ability is difficult to observe before hiring and is measured only with
error in promotion contests).

These considerations lead us to the notion of "overstocking":
Compared with a flat organization or one that has lateral entry, a hi-
erarchical firm that limits lateral entry must hire more entrants and
maintain a larger low-level labor force if it is to fill its upper-level
positions with persons of a certain ability. When initial screening is
imperfect, when the true ability of an applicant can be learned only
over time, or when applicants' tastes for the organization are an
"experience good" that is learned over time, the hiring or promoting
of some individuals will turn out to be a mistake (or individuals learn
they do not like the organization or job after all). A sufficient supply
of qualified individuals must be available to minimize these mis-
takes.

The extent of overstocking depends in part on the steepness (i.e.,
whether tall or flat) of the pyramid: A higher required rate of flow
among grades requires a larger new-entrant pool. In addition, the
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more ability affects productivity in the higher ranks, the greater will
be the payoff to hiring a larger pool of new entrants from which to
sample and select for the upper ranks. Overstocking will be accen-
tuated by the variance in ability in the new-entrant pool, because (for
a fixed mean ability) the organization will have to sample more new
entrants to identify the portion capable of moving up. Overstocking
will also be affected by the organization's ability and cost of screen-
ing for talent and of learning about talent over time. In the spirit of
the human capital models, the cost of overstocking is the firm-specific
investment a hierarchical organization must make to grow its upper-
level employees. This cost is largely avoided by firms with flat orga-
nizational structures and by firms that are free to hire lateral en-
trants.

On the other hand, because of its pyramidal structure, the organiza-
tion does not need, or indeed want, all entrants to stay and be pro-
moted. After hiring and sampling employees who are part of the
overstock, the organization will inevitably find some to be unsuited
for continued employment. Paradoxically, however, the firm does
not want even those individuals whom it retained and "percolated"
to the levels to which they were best suited to stay too long. The
longer they stay at the top levels, the more the firm must slow pro-
motion opportunities for lower-ranking personnel, i.e., the greater
the shadow price associated with their employment. As we saw in
Chapters Four and Five, slower promotion opportunities reduce the
work effort and retention of lower-grade individuals. Therefore,
there is some optimal length of stay in, and flow out of, the higher-
level positions. The organization must generate some turnover at the
higher levels, even among qualified personnel, to maintain effort and
retention incentives at the lower levels. Thus, simultaneous with the
organization's incentive to overstock personnel will be its incentive
to induce individuals to leave.

These macroeconomic considerations, together with the microeco-
nomic aspects of individual decisionmaking, will affect the design of
recruiting and retention policy, separation policy-i.e., up-or-out
rules, minimum-performance standards, and the retirement sys-
tem-and pay policy. We turn to policy design next.
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SETTING ACTIVE PAY

Intergrade Pay-Setting

The analysis in Chapter Five shows why the organization should set
compensation within the hierarchy so that intergrade pay spreads
increase from one level to the next. That is, it suggests that the hier-
archical pay scale should be convex, or skewed upward, for the fol-
lowing reasons. If, as we argued above, the marginal productivity of
effort, aq(i, t, a, et) / eit, rises with grade, then the pay differential
must increase with grade to provide individuals in the higher grades
with an incentive to supply more effort. Second, in a hierarchy, the
aggregate promotion rate nc* declines as grade increases. Grade dif-
ferentials must increase to just maintain a constant-effort incentive.'
Furthermore, the rising relative importance of luck in promotion
outcomes reinforces the need for a skewed pay profile to maintain
effort incentives. Another factor accentuating the need for a skewed
profile is that, as personnel progress through the ranks, the number
of remaining promotions (and therefore promotion payoffs) that can
be earned falls. Therefore, each subsequent payoff must be larger to
maintain effort supply. Higher pay in upper grades also increases the
likelihood of retaining the most able individuals. Finally, widening
the intergrade differentials accentuates the competition and in-
creases the likelihood that upper-level positions are filled by more
able workers.

Other considerations may temper the intergrade differentials that are
required to generate the desired amount of work effort and ability
percolation. Rank-specific nonpecuniary factors are one such con-
sideration. The privileges, power, and status associated with higher
grades are nonpecuniary rewards. 2 The larger is the difference in the

1Lazear and Rosen (1981) discuss why corporations might pay presidents, say, twice as
much as vice presidents. The president earns twice as much not because his or her
productivity rises by a factor of 2 upon promotion but because, with a large number of
vice presidents, each of whom has a low probability of promotion to president, such a
differential is necessary to induce work effort among the vice presidents.
2Higher-ranked individuals may gain differential treatment by the organization. For
example, individuals may get allowances for housing. In the military, higher-ranking
personnel have access to better on-base housing, may receive faster and better treat-
ment in military hospitals, get preferred starting times at the base golf course, and so
forth.
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nonpecuniary benefits across grades, the more compressed the in-
tergrade differentials can be to elicit the same levels of effort and re-
tention.

The effect of pay differentials on cooperation and teamwork is an-
other consideration. Rosen (1992, pp. 234-235) observes that "if re-
wards are skewed too much, a kind of cut-throat competition arises.
Then competitors take steps to make others look bad rather than
making themselves look good.... Some happy medium must be
struck here." Lazear (1989) develops the formal analytics of this ar-
gument. A prediction from his analysis is that pay differentials will
be narrower the greater the team aspect of production is, since the
greater the team aspect is, the more opportunity coworkers have to
direct effort toward sabotaging others rather than contributing posi-
tively to output. These arguments assume that supervisors are un-
able to observe malfeasant behavior and discipline it. Clearly, the
proper skewness of the pay system is an empirical matter.

The management of personnel flows provide reasons that tend to re-
duce intergrade pay differentials. Without lateral entry, recruits must
be able to fill both entry-level positions and higher-level positions in
the future. Recruits' abilities must exceed the productivity require-
ments of their current entry-level positions and the abilities of entry-
level workers in other organizations that do allow lateral entry.
Consequently, the closed personnel system necessitates that the
organization "cream" the pool of eligible applicants, i.e., offer pay
that seems overly generous in light of the organization's entry-level
requirements. Pay must also be set higher because the supply of
recruits must also be large enough to satisfy the firm's need to over-
stock. Finally, to ensure that a large enough pool of applicants is at-
tracted, pay must appear overly generous because overstocking re-
duces promotion opportunities and thus a recruit's expected pay
stream. Since youth have relatively high personal discount rates,
initial pay will be relatively more valuable than pay offered far out in
the future, and the necessary pay stream to attract sufficient youth
will emphasize entry pay over deferred pay. Of course, the organiza-
tion only appears to be setting pay "too" high. If, instead, we define
productivity in terms of shadow values (i.e., internal productivity),
entry pay equals the expected value of the individual's marginal
product.
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Figure 6.1 shows the relationship between productivity, pay, and
ability in the hypothetical organization. 3 Ability are measured on the
horizontal axis, and productivity and pay are measured on the
vertical axis. The line AA represents grade 1, the entry level. Here,
variations in individual ability do not alter pay or productivity much.
The lines BB and CC represent grades 2 and 3, respectively. Because
of the positive spillover effect of the productivity of an individual in
grade 2 on the productivity of someone in grade 1, variations in
ability in grade 2 matter much more; BB is steeper than AA. The
segment CC is the steepest because ability matters the most in grade
3.

A firm that allows lateral entry would hire an a1 worker at a pay and
productivity q, in level 1, an aX2 worker at a pay and productivity
level q2 for level 2, and an cX3 worker at pay and productivity level q3
in level 3. However, a firm that bars lateral entry must get a sufficient
number of level 1 workers to fill level 2 and level 3 positions in the fu-
ture. Thus, some grade 1 workers must have ability exceeding aq
and entry pay exceeding q1 . In the extreme case when all level 1
workers are destined to become level 3 workers, the firm hires only
high-ability (X3 workers. Entry pay would be at least q5•, level 2 pay
would be at least q2, and level 3 pay would be at least q3 . In a less-
extreme case, entry pay exceeds q, but may be less than q3 .

Note that a firm that allows lateral entry pays q1 , q2 , and q3 . The
intergrade pay spread increases with level to ensure the best ability-
and position-sorting. Without lateral entry, the skewness of the pay
profile is reduced. In the extreme case outlined above, the hierarchy
pays ql, q2 , and q3 . The difference q3 - q2 is smaller than q3 - q2 .
However, the effort considerations in the hierarchy discussed above
add more skewness into the internal pay system.

Another consideration, related to personnel flows, that flattens the
intergrade pay profile is firm-specific capital that is created by the
lack of lateral entry. Since replacement workers must be grown from
within, the firm does not want senior workers in upper ranks to leave
too soon. Pay must exceed what these qualified individuals can earn

3 Figure 6.1 is derived from Rosen (1982). We abstract from individual effort decisions
temporarily. We discuss the role of effort later.
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Figure 6.1I-Ability, Productivity, and Pay in the Hypothetical Organization

elsewhere; otherwise, they will leave.4 But, to minimize cost, the firm
must pay them less than their internal productivity, defined in terms
of ability, which may exceed the productivity requirements of their
current position (what the organization would pay if it permitted
lateral entry) as in Figure 6.1. Abstracting from the role of effort, the
pay structure will appear flat relative to the structure of internal
productivity. The pay profile over an individual's career is shown in
Figure 6.2 (where, for simplicity, we assume there are only two hier-
archical levels).

To cream quality, the organization "overpays" junior workers, me,
relative to their outside opportunities, qe, but it pays them an amount

4An important constraint on the organization is its need to offer sufficient pay to at-
tract and retain personnel. However, how it structures compensation within the orga-
nization relative to individual's productivity internally is another matter. The internal
pay structure will be dictated by the organization's budget constraint and by its need
to skew the pay system to provide effort and ability-sorting incentives.
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Figure 6.2-Hypothetical Pay and Productivity Profile over
an Individual's Career

equal to their higher internal productivity. To ensure retention, it
overpays senior workers, ms, relative to their outside opportunities,
ino, but underpays them relative to their internal productivity, q, to
minimize costs. Thus, to finance the creaming of the entry pool, the
firm transfers the gains it gets from the senior workers-by paying
less than internal productivity-to attract junior ones. It does not
underpay recruits to minimize costs because such a policy would re-
duce the average quality of the entry pool. The specific capital cre-
ated by the lack of lateral entry means that senior workers can be
paid more than they can get elsewhere but less than their internal
productivity.

The degree to which the pay profile is flattened depends on the re-
tention and the size of promotion flows into the upper ranks, on the
organization's overall personnel demand, and on the extent to which
effort is reduced by a flattened pay system. If the intergrade pay
profile is not properly skewed, effort incentives will be blunted.
Further, a flattened profile reduces an individual's incentive to reveal
his or her ability in the promotion contest. Therefore, the organiza-
tion trades off the benefits of a skewed pay profile against the need to
offer (and finance) sufficiently high pay to junior personnel.
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Setting Intragrade and Intergrade Pay

The preceding discussion, together with the analysis in Chapter Five,
also shows a role for intragrade pay spreads. When personnel flows
require a significant flattening of the intergrade pay profile, effort in-
centives can still be achieved by making intragrade pay increases
contingent on performance. More generally, when promotion rates
are small or when individuals have reached their terminal grade, in-
tergrade pay spreads lose their effectiveness as an effort motivator.
Some individuals may spend a long time in a given grade, often times
learning skills that are specific to their current and (possibly) future
grades. Supervisorial skill is an example. Contingent pay within a
grade, such as step increases, can be an effective means of providing
motivation.

In providing incentives through intergrade and intragrade pay poli-
cies, the organization must take care to structure such policies so
that those best matched in upper ranks do not find it in their interest
to slum. Similarly, it must structure them so that those better suited
in lower grades do not seek to climb. More able workers must view
their expected utility as higher if they are promoted, whereas less
able workers must view their expected utility as lower if promoted.

There are several ways to structure intragrade pay, as we show for-
mally in Appendix B. The firm can make contingent pay a larger
fraction of total expected compensation in higher grades: The firm
lowers pay in the upper levels and sets the standard for attaining the
intragrade bonus high enough so that the less able have a small
chance of earning it. Thus, low-quality workers have a smaller in-
centive to climb to the upper grades. To compensate high-quality
workers for the stiffer intragrade standards in the upper grades, the
bonuses in the upper grades must be larger. Although more of pay is
made contingent on performance in the upper grades, high-quality
workers have a higher chance of earning the bonus. If their expected
pay in the upper grades (including their expected bonus) exceeds
their expected pay in lower grades and the gain to staying is positive,
their incentive to slum is reduced.

Alternatively, the firm can set the minimum-performance standard
in the upper grades sufficiently high that low-quality workers fail it
and high-quality workers pass it. Low-quality workers are worse off
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by being promoted if the promotion results in their being involun-
tarily separated for substandard higher-grade performance.
Similarly, high-quality workers are better off by the promotion be-
cause they are allowed to stay to enjoy the higher pay associated with
the higher grade.

When pay in higher grades is such that a larger fraction of
(intragrade) pay is contingent on performance, fast-trackers are un-
derpaid relative to their internal productivity. Intragrade bonuses
effectively tilt the intragrade pay-experience profile upward because,
initially, the firm underpays workers within each grade and later
overpays them, through the bonus, relative to their internal produc-
tivity. Fast-trackers move up the lower ranks relatively quickly.
Thus, the most able workers will probably not be in the lower grade
long enough to reach the intragrade overpayment periods. Although
the organization skews intergrade pay and offers steepened age-
experience profiles within grades, high-ability workers will expe-
rience the high pay only when they reach the level in the hierarchy
where they are the best suited-the top. However, as discussed
below, the firm does not allow them to stay too long and must
eventually mandatorily separate them or induce them to leave with
retired pay.

SETTING PERSONNEL POLICY

Up-or-Out Promotion Policy

Chapter Five illustrates how up-or-out policies affect retention and
effort decisions, but we have provided no justification for those rules.
As Lazear (1991) notes, justifying such rules is problematic because
one must explain why a worker is considered productive one day but
is fired the next. If the individual has lower productivity, why not just
pay the individual less? Further, up-or-out rules negate the possibil-
ity of comparative advantage: An individual may not be well suited
for higher-ranked positions, but he or she might be well matched in
his or her current grade. Similarly, those who are best suited for the
upper leadership grades may be poorly matched in lower grades. For
example, a great mechanic might be a poor supervisor, whereas a
good supervisor might make a poor mechanic. The organization
might do well to retain those well matched in lower grades and pro-
mote as quickly as possible those well matched in upper grades. Up-
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or-out rules force out the good mechanics who make poor supervi-
sors (or motivate them to leave before they are forced out).
Furthermore, a personnel system that particularly emphasizes pro-
motion in the lower grades as a means of career advancement (as
does one that relies heavily on up-or-out rules) is probably more
likely to motivate climbing, i.e., to provide an incentive to move up
(even if unqualified) before being forced out by an up-or-out rule.

Previous studies provide some reasons for up-or-out rules, but, those
reasons do not directly relate to hierarchical organizations. For ex-
ample, Kahn and Huberman (1988) model up-or-out rules as con-
tracts that solve a two-sided moral-hazard dilemma: Employers that
promise to pay workers who successfully complete organization-
specific training can profit ex post by declaring the worker to be un-
successful as long as workers are unaware of their true value to the
firm. But an up-or-out rule forces the firm that declares the worker
to be unsuccessful to fire him, which it would not want to do if the
worker is in fact successful. Thus, an up-or-out rule keeps the em-
ployer honest and it thereby gives the worker more incentive to in-
vest in specific training.

The problem with the Kahn-Huberman explanation for up-or-out
rules is that, by virtue of the fact that a hierarchy has a prespecified
set of positions it must fill that is determined by technological con-
siderations, it has no incentive to incorrectly declare good workers to
be poor ones. Regardless of the quality of its workforce, it must pro-
mote someone to fill the vacancies in higher positions. An employer-
side moral-hazard problem is therefore not present here.

In a hierarchical system without lateral entry, a more cogent expla-
nation may involve considerations about personnel flows. Up-or-out
rules may possibly solve the problems that can arise when the orga-
nization observes ability and/or effort imperfectly and inadvertently
hires or promotes workers whom, in hindsight, it should not have but
is unable to induce to leave using voluntary means. The retention of
these workers imposes a cost on the firm: It reduces the promotion
opportunities of workers in the grades below, which, in turn, reduces
their effort supply and/or the retention of high-ability individuals in
those grades. Since the organization sets its pay scales administra-
tively and cannot bargain pay on an individual basis, it cannot cut
pay in an attempt to induce an individual to leave without cutting the
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pay of others. Doing so would wreck the incentive structure for the
other workers.

The organization could demote unsuitably matched workers and
thereby effectively cut pay rather than use up-or-out policy.
However, to use demotions, supervisors must have an incentive to
detect and report unsuitable performers as candidates for demotion.
In a hierarchical organization, supervisors may have blunted incen-
tives to do so. Supervisors are not residual claimants the way that
owners of firms are. Greater efficiency among workers is not likely to
profit the supervisors if they are not rated on the basis of the perfor-
mance of the group that they supervise. Singling out poorly matched
workers for demotion may not produce any gain to supervisors; in
fact, supervisors may be better off by ignoring poor performance, be-
cause disciplining workers might create poor worker morale among
the other workers, as well as poor worker-supervisor relations
(thereby lowering the supervisor's utility). Up-or-out policy might be
a faceless bureaucratic way for the firm to weed out poor matches
and mistakes when supervisors have little incentive to demote them. 5

THE ROLES OF RETIREMENT PAY

The discussion so far has defined pay generically as any form of
compensation. Although earlier we symbolically distinguished be-
tween regular pay, r•,t,, and retired pay, Ri, , the distinction between
pay types was unnecessary because of the one-for-one trade-off be-
tween types for a given budget.

What are the purposes of retired pay? Does retired pay have a unique
role that cannot be accomplished with other forms of compensation
or other policy tools? The purpose of retired pay in a hierarchical or-
ganization without lateral entry is much different from the purpose
of retired pay in an organization with it. Because workers in the lat-

5 Even when supervisors are rated on group performance, their ratings are unlikely to
rely exclusively on the group if they have no control over who joins. If workers are as-
signed to tasks and supervisors must take who they get, the organization can make
supervisors better off by not fully penalizing them for bad assignments. Thus, their in-
centives to reveal poor matches may still be somewhat blunted. Also, in the military,
the frequent rotation of personnel reduces the cost to supervisors of failing to give
poor evaluations to marginal performers.
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ter firms can be hired directly into positions to perform similar tasks
year after year, such organizations are not as concerned with gener-
ating turnover of older employees to create advancement opportu-
nities for new hires. As a result, retired pay is less a tool for managing
personnel flows and providing work effort incentives and more a ve-
hicle for providing workers with tax-sheltered savings opportunities.
In fact, to the extent that the retirement benefits provided by these
employers are offset by lower wages, retired pay need not affect their
hiring or retention decisions (Lazear, 1988, 1990).

The lateral-entry constraint places the hierarchical organization
without lateral entry in a much different situation. Such an organi-
zation must access and train large numbers of entrants before identi-
fying for advancement those who have the talent to perform the
higher-level tasks in the organization. It therefore wants to provide
incentives for the most talented to stay and seek advancement and
for others to leave after they discover that they are unsuitable for the
upper-level positions. That is, it must provide the proper incentives
for personnel to self-sort. Salop and Salop (1976) were the first to
recognize the use of two-part compensation schemes as a self-selec-
tion device. As discussed in Asch (1984), one such two-part scheme
is a system of (1) active pay and (2) deferred, retirement benefits that
are paid only to those who achieve a certain rank and longevity.
Delayed vesting of retired pay induces self-sorting, because only
those who think that they can achieve the requisite rank and
longevity will stay early on and others will leave. Deferred retired pay
can also motivate work effort, especially when combined with mini-
mum-performance standards for retention and up-or-out rules that
prevent low-ranking personnel from staying long enough to collect
retirement benefits.

However, the question arises, Why should retirement benefits be
part of the self-sorting mechanism? After all, why not just pay a
bonus to all who reach the requisite grade and years of service? The
answer has to do with retired pay's role as a separation incentive. At
some point the organization wants everyone, including the best per-
sonnel, to separate, even when they may still be individually very
productive (i.e., their own productivity exceeds their pay). The
longer individuals remain in the top positions, the slower will be the
promotion rates for younger (and potentially equally able) person-
nel. Unless offset by changes in the structure of pay, reduced pro-
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motion opportunities in the junior grades will discourage work effort
in those grades and will cause those junior personnel with the best
external opportunities (i.e., the more able) to leave. Without the
proper inducement, the senior personnel may not want to leave vol-
untarily if their pay exceeds their best outside alternatives. Such is
especially likely to be the case for those trained in the firm-specific
skills.

Retired pay can be used to induce voluntary separations of senior
personnel. For example, once personnel become vested in the im-
mediate annuities provided by the military retirement system, they
have a much reduced gain from staying and are therefore more will-
ing to depart voluntarily. The retirement system, therefore, induces
the separations needed to control the age or experience structure of
the force and to maintain promotion flows for younger personnel.

Thus, retired pay is not retired pay in the conventional sense of the
term-a convenient vehicle for transferring consumption from the
present to the future. Rather, retired pay may have a role in manag-
ing the distribution of experience and grade across personnel.

There is, of course, no reason why the separations required to main-
tain personnel flows could not be accomplished with other policy
tools, such as up-or-out rules. However, excessive reliance on invol-
untary separation to control the inventory of senior personnel could
be bad for morale, adversely affecting recruiting, retention, and work
effort. The adverse effects might require the payment of a "regret
premium" to compensate for the prospect of involuntary separation.
In addition, personnel faced with the prospect of involuntary sepa-
ration are likely to engage in activities aimed at getting the policy re-
laxed (e.g., complaining to the personnel managers, or, in the case of
the military, writing to congressmen about the "unfairness" of the
policy). Should their complaints prove successful, the organization
would be compelled to modify the experience distribution of their
personnel in unproductive ways. After Milgrom (1988), we call such
extra financial costs and productivity effects the organizational in-
fluence costs of mandatory separation. 6 Separation pay is the elixir

6The organizational influence costs of the military's drawdown are apparent today,
There is at present much discontent in the mid-ranks over the likelihood of mandatory
separation.
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that eases termination from the organization, and it weakens poten-
tial criticisms about the capriciousness or arbitrariness of policy.
Although clearly expensive, a system that provides voluntary-sepa-
ration incentives may actually be cheaper because the adverse pro-
ductivity effects of a much older force or the regret premium that
might be required to maintain the current (younger) experience dis-
tribution, while difficult to calculate, could be substantial.

The other purposes of retired pay are, of course, not unique.
Motivating effort, improving retention, and inducing personnel to
properly self-sort within the organization could be accomplished
through an appropriately structured active-duty pay table and
through other personnel policies. So if there is a distinctive (if not
unique) purpose for retired pay in the closed hierarchical organiza-
tion, inducing voluntary separations at the appropriate points, and
thereby minimizing the influence costs that accompany involuntary
separation, must be it.

STRUCTURING THE RETIREMENT SYSTEM

Setting the Vesting Date

Lazear (1986) shows that anything other than full vesting of all work-
ers is inefficient. Incomplete vesting causes "leavers" to leave earlier
than would be efficient, to undersupply effort, and to underinvest in
human capital. It also causes "stayers" to stay too long, to oversup-
ply effort, and to overinvest in human capital relative to the efficient
amount. The firm cuts pay of all workers, be they stayers or leavers,
to finance the retirement system. Thus, those who leave prior to the
vesting date get a pay cut but no (future) retirement income. Since
they receive less total compensation than their alternative employ-
ment, they leave earlier than they would under a fully vested plan.
The pay cut of the leavers cross-subsidizes the retirement income of
the stayers (who do achieve vesting). This extra gain causes the gain
to staying to increase for the stayers: They stay too long.

However, in the context of a closed hierarchy, where knowledge
about which entry workers are the stayers and which are the leavers
is uncertain, incomplete vesting makes more sense for two reasons.
First, when the firm limits lateral entry, sorting the stayers from
leavers early on is important, because an upper-level vacancy cre-
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ated by the separation of a leaver is costly to the organization. The
organization wants leavers to leave early and stayers to stay longer.
But incomplete vesting induces precisely this self-sorting among
workers. In fact, the more delayed the vesting date is (holding ex-
pected benefits constant) so that more compensation is deferred to
the future, the more self-sorting occurs. Not only do leavers leave
early, they never join.7

Second, the cutting of active pay necessitated to finance the extra
costs associated with an earlier vesting date may be problematic in a
closed hierarchy. If the firm cuts entry pay, a lower-quality pool of
entrants is attracted. If it cuts the pay of more senior personnel, the
organization may cause the pay of some personnel to fall below what
they can earn elsewhere, and retention falls. In the presence of firm-
specific investments (created by the lack of lateral entry), poor reten-
tion imposes a cost on the firm-lower-ranked individuals must be
promoted faster than desired, and new entry-level workers must be
recruited to replace those promoted to higher grades.

This discussion suggests that a vesting date should be later, i.e., more
incomplete, when it is more important to induce self-selection
among the leavers and/or stayers and/or less important to have high
active pay to attract the requisite ability pool and to retain workers
embodying firm-specific investments. Thus, organizations with tall
hierarchical structures, in which the lack of lateral entry iniposes
large vacancy costs when a leaver leaves, should probably vest work-
ers later than flat organizations that can hire replacements-even for
senior workers-from the outside labor market.

Setting the (Earliest) Retirement Date and (Early) Retirement
Benefits

When should individuals be allowed to begin receiving their bene-
fits? Private-sector firms generally set the retirement date (for fully
vested workers) when workers become old-around 60 to 65-al-
though earlier retirement beginning at age 55 is becoming more

7 Lazear (1986, p. 268) notes that when sorting is important, incomplete vesting may
have a role. The role of pensions as a self-selection device is investigated in Asch
(1984).
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common. The military retirement system sets the earliest retirement
date at the vesting date-20 years of service-which generally can
occur when individuals are in their late thirties and early forties.

Benefits should begin when it is optimal for workers to leave, be-
cause retired pay can act as severance pay and induce those who
would prefer to stay to leave instead. The role of active pay in
providing effort incentives, sorting ability, and attracting and
retaining a qualified pool can cause active pay to deviate from what
workers can earn outside the firm. Therefore, pay policy can distort
the individual's separation decision. An individual the organization
may want to separate may not be inclined to do so without the
inducement of retired pay. However, the optimal time to leave will
not be the same for all individuals. For some occupations or
functional areas, a long career makes sense; youth and vigor are
relatively unimportant for physicians and teachers, for example. The
nature of other occupations would suggest an earlier retirement date;
youth and vigor are key components of success in combat
occupations, for example.



Chapter Seven

A PRELIMINARY EVALUATION OF THE CURRENT
MILITARY PAY AND RETIREMENT SYSTEM

The purpose of our theoretical model is to evaluate the current and
alternative military compensation systems. In Chapter Two, we
listed some of the main criticisms with the military's active-pay table
and retirement system. In this chapter, we begin to evaluate the cur-
rent military compensation system, using our theoretical model to
determine whether these criticisms have merit.

THE ACTIVE-DUTY PAY TABLE

Some of the main features of the active-duty basic-pay table are (1)
small intergrade pay spreads; (2) its use for widely differing services
and occupational groups; and (3) automatic within-grade increases
instead of contingent intragrade pay increases. We discuss these
features in light of the implications of our theoretical framework.

Pay Table Skewness

Consider first the skewing in the basic-pay table. Figure 7.1 shows
the annual increase in basic pay that personnel receive when pro-
moted to the rank shown (calculated at the average time in service
for promotion to that rank). Pay increments due to promotion are
small and relatively constant through the first five enlisted grades,
then increase in the last four enlisted grades. The officer grade dif-
ferentials are not skewed: A smaller promotion increment is given to
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0-4 than to grades 0-2 and 0-3. But the promotion increments do
widen thereafter.1

Some skewness is apparent in the basic-pay table. Still, Figure 7.1
paints a picture of a compensation system with a relatively flat inter-
grade pay structure. The policy question here is, Are these differen-
tials (coupled with differentials provided by the retirement system)
sufficient to motivate personnel to work hard and to sort properly?
Our theory identified a number of factors-such as nonpecuniary
benefits and the constraints that the lack of lateral entry impose on
the pay system-that lead to a relatively flat intergrade pay structure,
factors that at the present time are not quantifiable. However, a par-
tial answer to whether the system is producing the desired effects is
to examine the flows of personnel through the system, by aptitude
level.
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Figure 7.1-Annual Basic-Pay Increase (Average YOS at Promotion)

'The Seventh QRMC (DoD, 1992b) recommended revisions to the basic-pay tables
that will eliminate many of their anomalies, but their basic structure is not altered
much. Importantly, the report recommended fundamental changes in the structure of
allowances.
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Table 7.1 provides rough evidence of how the system sorts personnel
by their Armed Forces Qualification Test score, a measure of aptitude
and trainability used by the military to screen recruits. 2 A one-
quarter sample of all entrants into Army Infantry, Mechanical
Maintenance, and Administration skills for FY 1974-1986 was tracked
through FY 1990. We calculated the average AFQT score by rank and
YOS as these cohorts flowed through the system. The resulting aver-
ages incorporate the effect of AFQT on retention and speed of pro-
motion. Results for the FY 1974 cohort are displayed in Table 7.1.

Holding constant YOS, higher-AFQT personnel tend to occupy the
higher pay grades. That is, high-AFQT personnel are, in fact, being
promoted faster than low-AFQT personnel. However, because of
lower retention of higher-AFQT personnel, the data reveal no ten-
dency for average AFQT to rise with YOS. The average AFQT is about
51 in every YOS. Overall, the average AFQT increases slightly with
rank. But the in-rank average AFQT tends to decline as YOS in-
creases. The patterns for later-entering cohorts are similar: All dis-
play slight positive correlations between grade and AFQT but rela-
tively flat average AFQT by YOS. 3

This rough analysis indicates that in the enlisted ranks the system is
at least not producing adverse selection, whereby the most able are
leaving and the least able are staying and being promoted. But nei-
ther is it producing strongly positive selection effects. This analysis
is, of course, limited, and we have no data whatsoever on how well
officers are being sorted. Consequently, it would be hard to general-
ize too much.

2 Although the AFQT score does not necessarily measure ability, it is thought to be a
strong correlate of ability. Further, empirical evidence shows a strong correlation be-
tween AFQT and soldier performance on wartime outcome measures (see Orvis,
Childress, and Polich [1992] and Winkler, Fernandez, and Polich [1992]).
3 Perhaps most interesting is the tremendous variation in the quality of the entering
cohorts. The entering average AFQT of the FY 1974 cohort was 51. The entering aver-
age began falling in the late 1970s, hitting 35 in 1980. As a result of improvements in
pay for all service members and educational benefits targeted at the Combat Arms, the
average increased steadily from 1981 to 1986. The FY 1986 cohort average AFQT was
58.
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Table 7.1

Mean AFQT of Army Enlisted Personnel by YOS and Grade, FY 1974 Cohort

YOS E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 TOTAL

<1 50 55 64 51 80 51
2 47 49 51 54 66 51 94 51

4 43 47 51 52 59 83 63 51
6 50 50 45 47 54 70 31 52

8 47 41 37 43 51 56 59 51

10 36 42 41 50 51 64 50

12 42 38 28 50 51 55 51

14 46 41 50 50 53 92 51

16 55 33 46 51 51 72 51

TOTAL 50 49 51 52 54 53 53 70

Service- and/or Occupation-Specific Pay Tables

Our model gives several theoretical reasons why the level and struc-
ture of compensation might differ across occupations. The level of
compensation might differ because of differences in the demand and
supply of personnel in different occupations. The requisite skewness
of the compensation distribution might also need to vary because
occupations differ in the role of effort and ability in determining pro-
ductivity at different grades and in the role of luck in determining the
outcomes of promotion contests.

But whether these differences in the requisite skewness must be
achieved using occupation-specific pay tables or by varying other
forms of compensation by occupation, such as bonuses or job
amenities, is an open question. In the past (and up until the draw-
down), the military made wide use of bonuses to alter a recruit's oc-
cupational choices and to motivate individuals to reenlist. But the
setting of these bonuses appears to reflect macro concerns (i.e., re-
cruiting and retention) and not micro ones (effort supply and ability-
sorting) .4

4Several foreign militaries, such as the Canadian and British militaries, use compen-
sation systems that explicitly vary by occupation.
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Automatic Versus Contingent Within-Grade Increases

Since the services often have time-in-grade requirements before
promotion is allowed, even the most able workers will spend some
amount of time within a grade. The military pay system currently
grants automatic longevity increases within a grade, so that only
promotion is contingent on performance and within-grade pay in-
creases are not. In contrast, our analysis suggests that contingent
pay-or more generally deferred compensation contingent on
worker behavior-will elicit more effort. This was true in the context
of promotion and with a within-grade bonus system.

Proponents of the current system claim that the promotion system
already offers effort motivation. But the question is, Does the pro-
motion system motivate sufficient effort or is there an additional role
for contingent within-grade compensation? Our analysis suggests
that, indeed, contingent compensation within grades may have two
important additional roles. First, the promotion system is relied on
not only to reward effort and to induce the more able to seek the
highest positions but also to handle pay level problems that relate to
accession and retention issues (i.e., external market forces).
Contingent within-grade compensation offers another policy tool to
manage workers, especially the relatively less talented workers who
are promoted less rapidly and who therefore spend most of their ca-
reers within a narrow range of grades.

Second, as was discussed in Chapter Six, a within-grade contingent
pay system could help prevent climbing. Individuals who are insuf-
ficiently talented to successfully fill the top grades may be motivated
to climb because of up-or-out rules that strongly penalize staying
within a grade for too long, or because the pay table gives larger in-
tergrade pay raises than intragrade pay raises. The organization
cannot prevent climbing by simply reducing intergrade pay raises;
doing so would wreck the incentive system for the more able, whose
effort incentives and incentives to seek promotion would be dulled.
But by holding back some of the within-grade pay and making intra-
grade pay increases contingent on performance, the organization
could motivate those who should spend more time within a grade
without negatively affecting the incentives of those who should move
up. Such a system does not have to change the expected intergrade
pay structure. As long as expected compensation within a grade is
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maintained, the time profile of pay and how it increases with better
performance can vary considerably. As discussed in Chapter Six,
more within-grade pay should be held back in higher grades.

One caveat is needed. Minimum-performance standards could fill
the same role. Such standards could prevent climbing if they are set
so that upper grades have higher standards. On the other hand,
there may be a limit to how far the military can rely on minimum-
performance standards: By raising the standard, the military runs
the risk of mistakenly dismissing those who had bad luck on test day.

Several aspects of a contingent intragrade pay system are notewor-
thy. First, such a system would reward time in grade as well as time
in service. Second, up-or-out rules would take on a new meaning
because those subject to such rules would be those who fail intra-
grade performance tests. Third, such a system would involve admin-
istrative costs that must be balanced against the system's benefits;
therefore, the feasibility of introducing such a system needs to be
explored.

THE RETIREMENT SYSTEM

The theoretical analysis also allows us to make some preliminary ob-
servations about the military's retirement system. These observa-
tions focus primarily on the pre-1980 retirement system-the plan
upon which the subsequent 1981-1986 and post-1986 plans were
based. These plans are described in Chapter Two.

Given the structure of the military's retirement system, the theoreti-
cal framework suggests that the system gives both an extremely
strong effort incentive and retention incentive to mid-career person-
nel. The all-or-nothing aspect of cliff-vesting at 20 years of service,
together with the sizable annuity that begins immediately at 20 YOS,
makes the deferred compensation that retired pay represents highly
valuable to those closest to the 20-year vesting date. Consequently,
actions that increase the value of that compensation and the chances
of receiving it are also highly valued. Insofar as greater effort supply
translates into a higher probability of being allowed to stay and being
able to accumulate years of service (i.e., avoiding involuntary sepa-
ration), the vesting/immediate-annuity aspect of the retirement
system encourages effort. The pension formula exaggerates this ef-
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fect: Because the formula also depends on final pay, actions that in-
crease final pay also increase retired pay. Thus, if greater effort
means more promotions, then the formula rewards effort supply
through basic pay.5

Several other aspects of the military's retirement system are
noteworthy. First, the benefits induce voluntary separations. Thus,
the system is incentive-compatible among service members ex ante
and ex post. Second, the benefits, which are sizable, effectively skew
the compensation system. Higher-ranking personnel earn larger
benefits because they have more years of service and have been
promoted to higher grades. Third, since the reward for an
intermediate-length career is low, personnel must decide early on
whether they want to be long-term careerists or leave. As discussed
in Chapter Six, if filling an upper-level vacancy is costly because of
the lack of lateral entry, then sorting the leavers from the stayers
early on is important.

Despite these virtues, the theoretical analysis suggests that the mili-
tary retirement system poses several difficulties. First, the strong re-
tention incentive among mid-careers creates a mid-career bulge that
slows down promotion opportunities for younger personnel and
blunts the rewards to fast-trackers. Thus, the system stifles effort
supply among the more junior personnel. Second, vested service
members have a lower expected gain to staying than mid-careerists.
By effectively skewing the compensation system for younger person-
nel who are still trying to advance, the system reduces the skewness
for those who are vested and may thereby diminish their effort and
advancement incentives relative to those of mid-careerists. Third, a
virtue of the system is also a vice: Because leavers are induced to
separate early on, some productive personnel who leave early might
have stayed longer under an alternative system. Finally, the retire-
ment system promotes management inflexibility, creating a kind of
implicit-contract problem: The services "demand" large numbers of
mid-career personnel because the personnel are there and will not
quit; separating them prior to YOS 20 would be viewed as unfairly
breaking an implicit contract. The services are therefore constrained

5 As discussed in Chapter Five, Lazear shows that conventional pension formulas such
as the military's give too much incentive to supply effort.
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to retain personnel who would not be retained were the terms of

separation different. The drawdown has highlighted this problem
particularly well.6

6 We analyze the military retirement systems in greater detail in companion pieces to

this report (see Asch and Warner [1993 and forthcoming]).



Chapter Eight

CONCLUSIONS

This report develops a theoretical framework that allows an evalua-
tion of the military pay and retirement system. Past attempts to
evaluate the military compensation system have generally focused
on the following traditional efficiency questions: (1) Does the system
enable DoD to attract and to retain personnel in sufficient numbers
and quality to accomplish its missions? (2) Does it promote an effi-
cient distribution of personnel by grade and YOS? and (3) Does it ac-
complish these objectives at least cost? Our analysis aims at address-
ing these traditional macroeconomic questions and two additional
microeconomic questions that have received little attention: (1) Does
the system motivate personnel to work hard and effectively? and (2)
Does the system promote the best person/job/rank matches, i.e.,
does it sort people properly by rank and experience according to
their individual skills and abilities?

The organization that is the focus of our theoretical analysis is large,
has a hierarchical structure, and does not permit lateral entry.
Individuals enter at the lowest level, and positions at each upper
level are filled by drawing from the pool of individuals in the level
below.

THE MODEL: INDIVDUAL DECISIONMAKING

In the context of this organization, we model individual worker's re-
tention and effort decisions. This analysis builds upon Gotz and
McCall (1984), who developed a dynamic programming model of Air
Force officers' retention decisions. The model assumes that workers
maximize their expected utility when deciding whether to remain
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with the organization. The model accounts for the dynamic nature
of the retention decision by incorporating the fact that (rational) in-
dividuals take into account all possible eventualities when making
their decisions. We deviate from the Gotz-McCall model by incorpo-
rating work effort decisions. Effort in the model represents a utility
cost to individuals, but it can also increase the utility gain to staying
to the extent that future rewards (such as promotion) depend on the
amount of effort supplied. Once we build this decisionmaking
framework, we examine the effect on both the effort and retention
decisions of various organizational active-compensation and
-personnel policies, including promotion contests, up-or-out poli-
cies, involuntary separation, intragrade pay policy, and retirement
policy.

ORGANIZATIONAL DECISIONMAKING

Given individual decisionmaking, we also consider organizational
decisionmaking. A key factor in this process is the management of
personnel flows into, within, and out of the organization. Without
lateral entry, individuals in the organization are valuable for what
they produce in their current grades and for what they are capable of
producing in higher grades in the future. The organization must ac-
cess, train, and retain a large enough pool of workers in the lower
ranks to maintain the flow of workers necessary to staff the upper
ranks. On the other hand, because of its pyramidal structure, the or-
ganization does not need, or indeed want, all entrants to stay and be
promoted. The organization must generate some turnover at the
higher levels, even among qualified personnel, to maintain effort and
retention incentives at the lower levels. Thus, simultaneous with the
organization's incentive to overstock personnel will be its incentive
to induce individuals to leave.

CONCLUSIONS: ACTIVE PAY

Our analysis of individual and organizational decisionmaking leads
us to several conclusions about pay.
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Intergrade Pay Spreads

First, an important implication of the analysis is that the organiza-
tion should skew its compensation structure. That is, intergrade pay
spreads should increase with grade, for the following reasons:

" If the marginal productivity of effort rises with grade, then the
pay differential must increase with grade to provide individuals
in the higher grades with an incentive to supply more effort.

" In a hierarchy, the aggregate promotion rate declines as grade
increases. Grade differentials must increase to just maintain a
constant-effort incentive.

" Those in higher ranks have fewer promotion opportunities left to
them-they are already near the top. The grade differentials
need to be higher to induce individuals to supply the efficient
amount of effort. Higher pay in upper grades increases the like-
lihood of retaining the most able individuals.

Second, other considerations will tend to reduce intergrade pay dif-
ferentials:

" Rank-specific nonpecuniary factors will mean that intergrade
pay spreads can be lower.

" Large pay differentials have a negative effect on cooperation and
teamwork.

" As management of personnel flows suggests, there are other rea-
sons for curtailing intergrade pay spreads:

- To generate a large enough pool of qualified applicants, the
organization must offer a sufficiently high pay stream. To
cream on quality, the organization overpays junior workers
relative to their outside opportunities but pays them an
amount equal to their higher internal productivity.

- On the other hand, to ensure retention, it overpays senior
workers relative to their outside opportunities but underpays
them relative to their internal productivity to minimize costs.
The specific capital created by the lack of lateral entry means
that senior workers can be paid more than they can get else-
where but less than their internal productivity. Thus, the or-



118 A Theory of Military Compensation and Personnel Policy

ganization must trade off the benefits of a skewed pay profile
against the need to flatten the profile.

Intragrade Pay

Third, pay within a grade should depend, at least in part, on perfor-
mance. Such a system rewards effort supply, especially among those
who spend more time in a single grade or range of grades.
Contingent intragrade pay also offers the organization a means of
preventing the climbing of those who are unqualified for higher-
ranked positions but whom the promotion system motivates to move
up and a means of preventing the slumming of those who are quali-
fied to move up but who are unmotivated by the promotion system
to work sufficiently hard to reach their best match.

Up-or-Out Policies

Fourth, up-or-out policies are necessary when the organization sets
its pay table administratively and when worker ability must be
learned about over time through observation. The organization is
constrained in its ability to lower the pay of those who, in hindsight,
it should not have hired. Lowering pay wrecks the effort-incentive
effects of the pay system for other workers.

CONCLUSIONS: RETIRED PAY

Other conclusions relate to the roles of retired pay:

"* As deferred compensation, retired pay can encourage both effort
and retention of younger personnel.

"• It provides individuals with an incentive to separate voluntarily.

"• As a replacement for mandatory retirement, it is both ex ante and
ex post incentive- compatible.

We also conclude that retired pay has no unique role in a hierarchical
organization. All the roles that retired pay has can be accomplished
by the appropriate pay and personnel policy. But if compensation is
shifted away from retired pay and toward active-duty pay, the orga-
nization would need to use involuntary separations to control the
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experience distribution of its workforce and maintain the promotion
opportunities for its junior personnel. Such heavy reliance on invol-
untary separations would create ex post regret and subject the orga-
nization to what we call organizational influence costs, the costs of
which equal the extra financial costs and negative-productivity ef-
fects that occur when the organization adopts policies that respond
to employee complaints that the involuntary-separation policy is un-
fair. These costs could be substantial.

INITIAL EVALUATION OF THE MILITARY SYSTEM

In light of these conclusions, we make an initial evaluation of the
military's pay table and retirement system.

Pay Table

The structure of the military's pay table is not skewed, as the theory
suggests it should be. Intergrade pay spreads do not rise substan-
tially with grade. However, it is difficult to conclude too much from
this phenomenon because other considerations that are difficult to
quantify at present (see "Intergrade Pay Spreads" above) lead to a
relatively flat intergrade pay structure. To get a partial answer on
whether the military pay table is sufficiently skewed, we investigated
whether the system is producing desired effects by examining the
flow of personnel through the system, by aptitude level. Our rough
analysis suggests that, in the enlisted ranks, the system does not ap-
pear to be producing adverse selection, whereby the most able are
leaving, but neither is it producing strong positive-selection effects.

Intragrade pay increases are automatic and are not contingent on
performance. We conclude also that, whereas enlistment and reen-
listment bonuses and special and/or incentive pays probably create
the necessary pay-level differences across military occupations and
across the branches of service, given their varying characteristics, it
would only be a coincidence if the presence of these pays created the
necessary differences in the structure of pay across occupations and
services to reflect effort and sorting incentive considerations.
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Retirement System

The following are general observations about how the military re-
tirement system is likely to affect effort incentive, given our theoreti-
cal framework:

" The system gives a strong effort incentive, as well as retention in-
centive, to mid-career personnel.

" Retired pay helps skew the compensation system because those
in higher ranks get larger retired pay.

" To the extent that mid-careers have a strong incentive to stay,
promotion opportunities for more junior personnel are reduced;
therefore, the system simultaneously blunts the effort incentives
of more junior personnel.

" Because the system vests individuals with 20 or more years of
service in an immediate annuity, the expected gain to staying is
lower for vested personnel. As a result, the value of deferred
compensation is lower for them and, thus, so is their effort in-
centive.

A companion piece to this document (Asch and Warner, forthcom-
ing) develops an empirical simulation of the theoretical model that
incorporates effort and ability-sorting considerations. The simula-
tions enable us to examine the force structure and cost (i.e., macro)
implications, as well as the productivity (i.e., micro) implications of
alternative compensation systems.



Appendix A

ILLUSTRATING THE DERIVATION OF THE
ORGANIZATIONAL STRUCTURE

The following numerical example clarifies the model presented in
Chapter Three. Suppose that the organization's survival rates, the
si,t, and promotion rates, the nt, are as in Table A.1. Half of the

organization's accessions are retained at the end of period 1. Of that
half, half are promoted to grade 2 during period 2 and half remain at
level 1. Seventy percent of those who are promoted to level 2 in
period 2 choose to stay for period 3. Of this number, 30 percent are
promoted to level 3 in period 3. Thus, the probability that a new hire
will reach level 3 by period 3 is 0.5*0.5*0.7*0.3 = 0.053.

We may compute the probabilities of other paths and build the
organization's steady-state workforce. Based on 1,000 new hires

Table A. 1

Survival (stt) and Promotion ( ,t) Probabilities

Period

Grade 1 2 3

si,t
1 0.5 0.6 0.7
2 0.0 0.7 0.8
3 0.0 0.8 0.9
ti~t

1 0.0 0.0 0.0
2 0.0 0.5 0.3
3 0.0 0.0 0.3
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each period, its steady-state force is provided in Table A.2. The
unconditional survival rate, svt, in the table is the fraction of new
hires that remains from period 1 to each future period. The
conditional survival rate is the fraction that remains in period t given
that they remained until t- 1; it equals svt / svt-1 . The fraction of the
entry cohort that quits in period t is svt - sv,-1 . Finally, expected
man-years are It t(svt - SVr-i).

Retention or survival rates, promotion rates, and the number of new
hires each period are not independent of one another. Note in our
example that there are 5.52 level 2 workers for each level 3 worker
and 2.59 level 1 workers for each level 2 worker. If this is the
organization's desired grade structure, it will have to adjust
promotion rates and timing in response to changes in retention. To
fill its upper-level positions should retention fall, it will have to
increase promotions among those who remain. An increase in
retention will force the organization to reduce promotion
opportunities. Higher retention also increases the expected man-
years per new hire and reduces the number of new hires that are
necessary to maintain a given workforce.

Table A.2

Steady-State Force Based on Probabilities in Table 3.1

Period

Variable 1 2 3 4 TOTAL

Grade
1 1,000 250 105 74 1,429
2 250 168 134 552
3 53 47 100
TOTAL 1,000 500 326 255 2,081

Unconditional survival rate 1 0.5 0.326 0.255
Conditional survival rate to start

of period 1 0.5 0.652 0.782
Fraction quitting at end of period 0.5 0.174 0.071 0.255
Expected man-years per new

hire 2.081
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SET[ING PAY TO PREVENT CLIMBING AND
SLUMMING

For illustrative purposes, suppose that there are two types of work-
ers, high quality, cxi, and low quality, oC2, with (1 > a 2. To prevent
slumming and climbing, the organization must ensure that the fol-
lowing conditions are met:

ai > 0 if ( = % (B.1)
aTcj+l,t+l

avt <0 if X=- 2 . (B.2)
ani+l,t+l

A promotion must increase expected utility at the end of t for those
with u. to deter the slumming of high-quality workers in grade i and
must decrease it for those with X2 to deter the climbing of low-qual-
ity workers to grade i + 1. Note that for i = 2 and t= 2,

aV;,2 (D22 ,2 [ 3 3 - n2,3 - V2,3b2,3 + P(V;"3 - V3)] (B.3)

an 3,3  I

Given that G;,2 is positive for both worker types and the intergrade
spread M3, 3 - M2,3 - g2,3b 2,3 is positive, deterring slumming, climb-
ing rests on making the term P3(V3,3 - V;,3) positive for high-
quality workers and negative and sufficiently large to offset
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Mr3,3 - M 2,3 - W2,3 b 2 ,3 for low-quality ones. There are two ways to do
this.

The term *3 - V23 ) can be made negative and sufficently large for
low-quality workers by setting the grade 3 minimum-performance
standard sufficiently high that low-quality workers fail and high-
quality workers succeed in meeting it. To see how this would work,
note that V3,3 - V2*3 = (q)3 ,3 G3,3 - c(2 ,3 G2,3 ) + (L3 ,3 - L2,3) + Or(7(3,3

- 02,3). The term j(V 3,3  V;,3) can be made negative for low-quality
workers by making (D3,3 and (03,3 zero and C(2,3 and 02,3 positive for
a 2, i.e., by ensuring that they fail the standard in grade 3 but pass
that in grade 2. Low-quality workers are worse off by being promoted
if the promotion results in their being involuntarily separated for
substandard higher-grade performance. Similarly, high-quality
workers are better off by the promotion because they are allowed to
stay to enjoy the higher pay associated with the higher grade.

Alternatively, the term can also be made negative and sufficiently
large for a = a2 and positive for high-quality workers by ensuring
that low-quality workers do not qualify for intragrade bonuses in
higher grades and high-quality workers do, and by appropriately
structuring the intragrade contingent bonuses and standards.
Specifically, one way to make the term (D3 ,3 C3,3 - (I 2 ,3 C2 ,3 negative
and large and thus the term a V;"2 / ain3 ,3 < 0 for the aC2 is to make
C3,3 small and C2,3 large for the less able, which can be done by low-

ering the base amount of pay earned in grade 3, M3,4 , and by making
the standard for attaining the intragrade bonus for grade 3 high
enough so that W3,4 = 0 if a =- a 2 in Equation 4.18. If the grade 2
bonus and/or the chance that a low-quality worker in grade 2 will
earn it is sufficiently high, then low-quality workers are less inclined
to climb to grade 3. To compensate high-quality workers for the
lower base pay in grade 3 and the stiffer intragrade standard, the
bonus, 43,4, must be increased. Although more of grade 3 pay is
made contingent on performance, high-quality workers have a
higher chance of earning the bonus. They are not inclined to slum as
long as their expected pay in grade 3 (including their expected
bonus) exceeds their expected pay in grade 2 and the gain to staying
is positive.
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SIMULATING CONTESTS

This appendix simulates a homogeneous contest for various parame-
ter values, then provides a simulation of a five-person contest com-
prising individuals with varying abilities. Simulations of the homo-
geneous contests are provided in Tables C.1 and C.2. Table C.1
begins by simulating a ten-person contest. For these simulations, it
is assumed that the normal random factor in the contest, ý, has a
mean of 0 and standard deviation of 1. We first use Equation 4.19 of
the main text to calculate each contestant's probability of promotion.
The results, provided in the second column of Table C.1, show that
when homogeneous contestants all supply the same effort, each con-
testant has a .1 probability of each possible rank in the evaluation.
Therefore, if there are r promotions, each contestant's probability of
promotion is rin (column 5).

We used Equation 4.19 to calculate how a contestant's rank proba-
bilities would change if the contestant supplies. 1 more effort than all
other contestants.i The results are shown in the third and fourth
columns of Table C.1. Extra effort raises the probability of finishing
in the top five places and reduces the probability of finishing in the
bottom five places. Note the descending order of effect: Extra effort
raises the probability of a first-place finish the most and reduces the
probability of a last-place finish the most.

iAn alternative would be to calculate the instantaneous effect of effort on the proba-

bility of promotion using Equation 4.24 of the main text. The directional effects are
equivalent to those shown in Table C. 1.
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The last two columns of Table C.1 show the effect of effort on the
probability of promotion. Note that extra effort raises the probability
of promotion the most when half the contestants are to be promoted.
Conversely, when only a few of the contestants (or most of them) are
to be promoted, effort has less effect on the probability of promo-
tion.

Table C.2 provides some additional simulations of homogeneous
contests using different values of the contest parameters. A key re-
sult alluded to in the text is that the effect of effort rises with the scale
of the contest. For example, when half of the contestants are to be
promoted, increasing the scale of the contest from two to four con-
testants increases the marginal effect of effort from .028 to .033.
Other simulations (not shown) reveal that the effect of effort rises
with the scale, but at a decreasing rate, and that, after a certain con-
test size, further increases in the number of contestants cease to
matter. Table C.2 also reveals the inverse relationship between the
noise in the contest, measured by the standard deviation of 4, and

the effect of effort.

Finally, we simulated heterogeneous contests of different sizes. To
do this we assumed that the contests had three different ability types.
The low-ability types have ability u = -1, the average-ability types

Table C.1

Simulation of a 10-Person Homogeneous Contest

Evaluation
Rank (and Base Probability Promotion
number Probability of Rank Change in Cumulative Probability Change in
to be of Rank in with More Probability Promotion with More Promotion
promoted) Contest Effort of Rank Probability Effort Probability

1 .1 .116 .016 .1 .116 .016
2 .1 .110 .010 .2 .226 .026
3 .1 .106 .006 .3 .332 .032
4 .1 .103 .003 .4 .436 .036
5 .1 .101 .001 .5 .537 .037
6 .1 .098 -. 002 .6 .635 .035
7 .1 .096 -. 004 .7 .731 .031
8 .1 .093 -. 007 .8 .779 .024
9 .1 .090 -.010 .9 .914 .015
10 .1 .085 -. 015 1.0 1.0 0.0
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Table C.2

Simulations of Homogeneous Contests

Number Probability Probability
Number of to Be Base with More Change in with More Change in
Contestants Promoted Promotion Effort Probability Effort Probability
(n) (r) Probability (a = 1) (, = 1) (at = 2) (at = 2)

2 1 .5 .528 .028 .514 .014
3 1 .333 .362 .029 .347 .014
3 2 .666 .694 .028 .680 .014
4 1 .25 .257 .026 .263 .013
4 2 .5 .533 .033 .516 .017
4 3 .75 .774 .025 .762 .013
5 1 .2 .224 .024 .212 .012
5 2 .4 .433 .033 .416 .017
5 3 .6 .632 .033 .616 .016
5 4 .8 .822 .022 .811 .011

have ability ca = 0, and the high-ability types have ability a = +1.
The ability types are represented in equal proportions in each con-
test. Individuals' ranks in the contest are determined by the evalua-
tion E = cx + e + ý. We assume that 4 has a standard deviation of 1.
Thus, the low- and high-ability types are thus one standard deviation
below, and one standard deviation above, average, respectively.
Assuming first that each individual supplies the same effort, we gen-
erated a random error for each individual, each individual's evalua-
tion E, and each individual's rank in the contest. This process was
repeated 10,000 times. The frequency distribution of observed fin-
ishes for each individual approximates that individual's probability
distribution of finishes. We then increased each contestant's effort
by 0.1 while holding constant all other contestants' effort levels and
observed the frequency distribution of that contestant's (and all
other contestants') finishes in 10,000 replications of the contest.

Results are displayed in Table C.3 for contests of 3, 6, 9, and 12 indi-
viduals. The table shows the probability that a contestant of a given
ability type will finish in the top one-third and the top two-thirds in
the contest.
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Table C.3

Simulations of Heterogeneous Contests of Various Sizes

Probability of a Finish in the

Top One-Third Top Two-Thirds

Ability Contest Equal Extra Effect of Equal Extra Effect of
Type Size Effort Effort Effort Effort Effort Effort

Low 3 .046 .051 .005 .275 .301 .026
6 .058 .068 .010 .313 .344 .031
9 .057 .067 .010 .323 .355 .032

12 .053 .060 .007 .321 .358 .037
Average 3 .228 .249 .021 .771 .793 .032

6 .256 .286 .030 .738 .764 .026
9 .271 .301 .030 .738 .768 .030

12 .274 .306 .032 .717 .750 .033
High 3 .726 .750 .024 .954 .960 .006

6 .677 .707 .030 .946 .955 .009
9 .668 .700 .032 .946 .954 .008

12 .669 .699 .030 .943 .954 .011

Thus, it is apparent that when all contestants supply equal effort, a
low-ability individual has a very small chance of finishing in the top
one-third, whereas a high-ability individual has over a .66 probability
of a top-one-third finish. The low-ability individual has about a .3
probability of a finish in the top two-thirds, whereas the high-ability
individual is virtually assured of a finish in the top two-thirds.

Extra effort raises the probability of a finish in the top one-third or
the top two-thirds. But as in the case of homogeneous contests, the
effect of effort depends on the base probability of reaching a given
threshold. When the probability of reaching a given threshold is ei-
ther very large or very small, extra effort has a small effect. As Table
C.3 indicates, extra effort has a miniscule effect on the probability
that a low-ability individual will place in the top one-third or that a
high-ability individual will place in the top two-thirds. Effort has a
larger effect on the outcomes of the individuals with average ability.

The results in Table C.3 preserve the finding that effort has a larger
effect the larger the scale of the contest is. Not shown is that increas-
ing the noise in the contest (the standard deviation of 4) reduces the
effect of effort.
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It should be stressed that the base probabilities of various finishes
and the marginal effect of effort on them shown in Table C.3 are not
the final probabilities and effects that will prevail as a result of opti-
mizing behavior. In theory, each contestant will solve a first order
condition, similar to Equation 4.24 of the text, in light of the optimiz-
ing behavior of the other contestants. If all contestants have the
same effort disutility function and the marginal reward for effort is
the same, individuals will all vary effort until its marginal effect on
the probability of obtaining the reward is the same. Suppose, for ex-
ample, that one-third of the contestants are to receive some payoff
and all contestants have the same disutility of effort. Then, begin-
ning from the situation in Table C.3 in which all contestants supply
the same effort, the high-ability individuals would reduce their effort

because its marginal effect is smaller than the marginal effect of ef-
fort for individuals of average ability. As the high-ability individuals
reduce their effort, their likelihood of a finish in the top one-third de-
clines but the marginal effect of effort increases. Adjustments occur
until the marginal effect of effort is identical for all individuals and
the contestants' mean probability of finishing in the top one-third is
.333.
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DERIVING SECOND ORDER CONDITIONS AND THE
EFFECT OF POLICY CHANGES ON EFFORT SUPPLY

In maximizing expected utility with respect to effort supply in
Equation 4.24, the second order condition for a maximum is

2P G' + ^ ,tý +PG* +2~ o 2ui'

2 2 J0 2

a et < 0 ,(D. 1)
aeit

where we assume, for simplicity, that (D,! = 1 (i.e., the probability of
being allowed to stay is 1), so that Oit = 4Dt (the probability of
staying equals the probability that the individual wants to stay).
Whether Equation D.1 holds depends importantly on the sign of
aG;t / ei. This term equals

al it+ 1, t+1*

ae• ' ) [rni+l,t+l - mit+l - Wi, t+lbit+l + P(Vi+it+i - Vi*t+,)]

+ (1- i+l,t+l)b1,t+j a ,t+ (D.2)aeit '

which is positive if the organization sets policy to reward individual
effort. Since such a reward system seems in reasonable accord with
reality or with stated policy, we assume that aG, I aeit > 0. Thus,
the first term in Equation D.1 is positive. The second term is
negative, given that D2nt,+,t+l /De 2 and a2Wit+i / ae2 are negative.
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The term -D2Z(ejt) // e 2 is also negative, given the increasing
marginal disutility of effort. The signs of D2F&,t / aeit and 2i,t / aeit
depend on the shape of the probability distribution function, 0i't
(that is, its symmetry and variance, oy), whether the expected gain to
staying, Git, is positive or negative, and whether the probability of
staying, FDt, is greater or less than 0.5. These terms need not be
negative. However, if ýit is normal and a is not too small, then
even if these terms are positive, their magnitude can be small enough
to be offset by the negative sign of a 2 Gt / ae2 . Below, we assume
that the second order condition in Equation D.1 holds.

We can use Equations 4.24 and D.1 to see how various policies, such
as increases in pay, retired pay, promotion rates, involuntary separa-
tion, and intragrade bonuses, affect effort supply. The mechanism
by which these policies affect individual effort decisions is the ex-
pected gain to staying in the organization. For example, if the orga-
nization raises pay in grade 3 in period 3 (M 3,3), then staying pro-
vides more utility because G•2 is higher. When staying is viewed as
better, individuals weigh actions that increase their ability to stay or
that increase the value of staying, such as effort, as being more
worthwhile (assuming for a moment that effort increases the gain to
staying). More generally, if effort rises when the gain to staying rises,
then policies that increase the gain to staying will also increase effort.
The key link, then, between pay policy and effort is the expected gain
to staying. How are effort and the gain to staying related? As we
show below, whether effort rises when the expected gain rises de-
pends importantly on organizational policy.

To illustrate the effect of some policy on the optimal effort supplied,
e~t, we consider the effect of a change in some parameter or policy

embedded in GU, to be denoted gu, on e,*. The parameter gt can be
thought of as some aspect of pay or personnel policy, such as Mr3,3.
Thus, to derive the effect of an increase in pay (or some other param-
eter) on the optimal effort supply, we derive

de- det G2i't (D.3)
d41 dGt D[t

We need to determine the sign of de, / dG*,. Then, by knowing how
the pay or personnel policy affects the expected gain to staying,
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aG*, / ai, we can ascertain how the system or the structure of retired
pay alters the optimal-effort decision. To derive det / dGt, recall
that eit is the solution to the first order condition given in Equation
4.23b. The effect of the expected gain to staying on the optimal effort
is derived by invoking the envelope theorem. This theorem allows us
to totally differentiate Equation 4.23b with respect to et and G~t and
to solve for det / dGrt. We get

2+ ,+G , ', +t g 2 0
deit aGi,, a eit t eitaGi, t +3Ea eitDG,, t)

dG•r t 2
c*?t PJ Dr ýGit + G pa _24~ 0 2 Z(eit)P Qei, tIe ýý +2P ( týý2 2  e2

aG eiG t aei it it eeit iti

(D.4)

By the second order conditions for a maximum, the denominator of
Equation D.4 is negative. Therefore, the sign of aeit I aG~t is the
same as the sign of the enclosed term in the numerator, which
consists of four terms. If effort increases the gain to staying,
aG~t / Dei, > 0, and the individual performance evaluation, Mit / Deit
> 0, and if the function Pijt is well-behaved, then the numerator is
positive and Equation D.4 is positive.1 Thus, the effect of a policy on
effort supply depends on how the policy affects the expected gain to
staying, a GIt / a.

1 More specifically, the first two terms, (JG•,t I /aeit)* (-0ir / @Git) and a4ij / aeit, are
positive given our assumption that aGir /eit > 0 and aEit / aeit > 0. The sign and
magnitude of the last two terms depend on the shape of Oi t and on whether (Di t is
less than or greater than 0.5. As with Equation 4.24, we assume that Pi t is normal and
exhibits sufficient variance that these terms, if negative, are not large enough to make
the numerator negative.
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