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Abstract

When choosing among employment options, employees must consider the impact of their
choice on total compensation: current and future salary earnings and retirement plan ben-
efits. Employers offering retirement plans must decide whether to offer the employee the
ability to participate in an employer sponsored defined contribution (DC) or defined benefit
(DB) plan, or in some cases, both. The employer’s decision on type of plan(s) and plan design
will affect not only the salary needed to attract an employee, but also the expected tenure
of the employee. In turn, employee tenure affects the level of employer hiring costs incurred
to replace employees as they exercise of their option to switch employers. To address these
interrelated issues, we solve the problems of optimal employee and employer plan choice in
two stages. First, using a real options framework, we construct a dynamic programming
model that determines the expected present value of the employee’s lifetime earnings and
plan benefits under varied current and competitive employer plan offerings. To take into
account the employee’s option to switch employers in the future, we use correlated diffusion
processes to model the employee’s current salary and an alternative employer’s salary that
can be earned by the employee exercising their option to switch. The optimal exercise of
the employment switching option is affected by salary, retirement plan and years of service
and is endogenously determined within the model. In the second stage modeling, we use
the endogenous employee switch boundary determined from the first stage in a simulation
to determine the employer’s expected salary, benefit and hiring costs under either a DB or
DC plan with varied plan design characteristics and competitive employer plan offerings. In
our model, employers with DB plans have to offer employees higher salaries to compensate
them for decreased value of the switching option. This higher compensation value tends to
dominate the hiring cost savings that DB plans afford by helping retain employees. Numer-
ical comparative statics are completed to show how retirement plan type, plan design, and
employee characteristics affect the optimal plan choice by both employees and employers. In
the majority of circumstances, DC plans are superior for both the employer and the employee
which is consistent with the increased preference and prevalence of DC plans observed in
practice.



1 Introduction

Pension plans offered by U.S. employers generally are either defined benefit (DB) plans or
defined contribution (DC) plans. DB plans pay a life annuity to retired employees. The size
of the fixed annuity payment is determined at employee retirement and typically depends on
the employee’s retirement age, years of service, and average salary over the previous several
years. It is the employer’s responsibility to make sure that sufficient funds are available

! In a DC plan, an employer makes regular payments to an

to pay the pension benefits.
employee’s retirement account such as a 401(k), a 403(b) or a Section 457 account. The
individual has the choice as to how to invest the funds among the available stocks, bonds
or other investment choices. The pension funds available to the employee at retirement are
the accumulated value of the plan account.? Employers must decide whether to offer the
employee the ability to participate in a DC or a DB plan, or in some cases, both.*>** The
expected cost of the plan is affected by factors including vesting requirements and employee
retention incentives.

Vesting schedules tend to be very different for DB plans than for DC plans. In DC plans,
employee contributions vest immediately, and employer contributions usually vest either
immediately, or after a wait of one year (a few require vesting periods of up to 5 years). The
schedule for DB plan vesting tends to be much lengthier. Under the Employee Retirement
Income Security Act (ERISA), private sector DB plans were allowed to offer employees cliff
vesting after 5 years of service, and this was the typical vesting schedule. The Economic

Growth and Tax Relief Reconciliation Act in 2001 mandated a vesting schedule of one-third

after two years, two-thirds after four years, and full vesting after six years.® In the public

'Most DB plans are also guaranteed by the government through the Pension Benefit Guaranty Corpora-
tion.

2Note that a DC plan employee that prefers a life annuity benefit could take some or all of the DC plan
account balance and buy a life annuity.

3In the private sector, employers offering pension coverage generally feature one type of plan only. In
the public sector, many university employers and an increasing number of state and local governments offer
employees the choice to participate in either a DB or a DC plan.

4This choice most often occurs at initial employment; however, some employers have provided current
employees with the ability to change their initial decision and switch plans. The state of Florida may serve
as a model for state and local governments around the country in this regard. In Florida, new employees will
soon be offered a choice of plans. Current employees will be offered the option to switch from the existing
DB plan to the new DC plan, with an option to switch back to the DB plan at a later date.

SEmployees hired before 2002, however, are still subject to the old rules.



sector, ERISA does not apply and employers can and do offer less generous vesting. Just
under half of state and local government employers offer vesting after 5 years, with a similar
percentage offering vesting only after 10 years of service. These vesting requirements are
so strict that a significant fraction of state and local government employees never earn any
pension rights. In the state of Florida, for example, over two-thirds of the covered workers
in the state DB plan who terminate employment leave prior to vesting (Trager, Francis, and
SigRist (2001)).

An employee contemplating a move to another employer must consider the effect that
switching has on future retirement benefits. While DC plans tend to be extremely portable,
DB plans have characteristics that lessen employee mobility; thus, DB plans are more likely
to retain employees. Vesting can be a strong deterrent to an employee that is considering
changing employers. Even when a departing employee is fully vested, the salary at departure
is used to calculate the retirement benefits. Thus, the value of the benefits are particularly
susceptible to the damaging effects of inflation. While on the surface, increased employee
retention appears to be an advantage, it comes at a cost. From an employer perspective,
DB pensions are increasingly seen as a barrier to recruitment as employees consider the
connection between their tenure with an employer, the benefits they can expect to receive
and the effect of portability of DB plans on the decision to switch jobs.

There has been a dramatic change in pension coverage over the last twenty years, par-
ticularly in the private sector. In 1983, one year after 401(k) accounts were introduced, 40
percent of workers with pension coverage had a DB plan only, while 45 percent had a DB
and a DC plan and only 15 percent had a DC plan (Friedberg and Owyang (2001)). And for
those workers who had both a DB and a DC plan, the DB plan was in most cases the pri-
mary pension and the DC plan was a supplemental plan. By 1998 the situation had changed
dramatically, with 59 percent having a DC plan only, while 20 percent had a DB plan and 20
percent had both. In addition, the number of DB plans has been falling as existing plans are
closed and essentially no new plans are opened. By contrast, the number of DC plans has
grown rapidly in the last two decades (Mitchell and Schieber (1998)). According to Salisbury
(2000), in 1985 there were approximately 170,000 DB plans, but by 1999 this number had



fallen to 42,000.° The number of DC plans grew from approximately 460,000 in 1985 to
700,000 in 1999.” Workers’ perceived preference for DC plans and their inherent portability
may be reasons motivating a transition to DC plans in both the private and public sectors.

The transition between DB and DC plans has been examined by Fore (2001), who ana-
lyzed the circumstances under which DB plan participants would receive higher retirement
income by switching to a DC plan. The analysis was done in a static framework, however,
and considered the transition at only a few discrete points in an employee’s career. Samwich
and Skinner (2004) also examine the adequacy of DC plans relative to DB plans by simu-
lating employees’ benefit distributions under each type of plan, but without consideration
of optimal employee plan choice or accounting for employee job and pension plan changes
over time. This paper analyzes the problem of optimal employee pension plan choice in a
dynamic framework, with explicit reference to the set of choice variables and employment
options that employees confront over their lifetime. Additionally, we use the results from
our employee choice model to examine the interrelated problem of optimal employer plan
choice to minimize the costs of employee compensation and hiring.

To address the issues of employee and employer plan choice, we solve these problems in
two stages. First, to address the problem of optimal employee choice of plans, this paper
uses a real options framework to construct a dynamic programming model that determines
the expected present value of the employee’s lifetime earnings and plan benefits under varied
current and competitive employer plan offerings. To take into account the employee’s option
to switch employment-and potentially switch plan types-we model both the employee’s
current salary and a best alternative salary that can be earned only by exercising the option
to switch employers. We specifically recognize that prospective employees, when choosing

among employment options, form rational expectations about job tenure, mortality, and

6The DB plan breakdown in 1985 was 167,911 single-employer and 2,261 multi-employer plans. In 1999
there were 40,000 single-employer and 1,800 multi-employer plans. For DC plans the breakdown in 1985
was 461,158 single-employer and 805 multi-employer plans. In 1999 there were 700,000 single-employer and
1,500 multi-employer plans.

DB plans tend to be associated with larger employers, however, and so have more participants per
plan (and a much higher percentage of annuitants), which explains why 40 percent of workers with pension
coverage have DB plans, despite the large difference in plan numbers. This also explains why total assets
in DB and DC plans are roughly equal, although assets in DC plans are growing at a much faster rate
(Yakoboski (2000)).



eventual pension benefits, among other factors. The decision matrix varies with the worker’s
age. For example, younger workers, in particular, who often have most of their assets in the
form of human capital, can be expected to switch employers multiple times over the course
of their careers. Because a retirement plan’s benefits are sometimes based in part on years of
service with an employer, the model accounts for the fact that employees, when considering
switching employers, determine the effect of their switch on their expected benefits from a
pension plan in which they are currently participating. The decision to switch employment
is path dependent because past decisions affect current decisions. For example, a DB plan’s
retirement benefits are based in part on years of service with an employer, and hence are
affected by previous decisions to switch jobs. With a finite horizon that ends with an
employee’s anticipated retirement date, an employee may exercise the employment switch
option at any time. Cognizant of and explicitly modeling these issues, the exercise of the
employment switch option is endogenously determined within the employee model.

Based on the numerical results, the employee’s optimal choice of plan and the expected
present value of salary and benefits are influenced by a number of factors. We find that DB
plans are preferred: when the employee can not, or is not likely to switch employers (i.e., for
scenarios where the option to switch employers is unavailable or is not valuable); when the
probability of exogenous (employer determined) job termination is low; when the employee
is older; when a DB plan choice is available upon switch; when the required rate of return
on employee labor capital is low; or, when the annual DB accrual rate is high. DC plans
are preferred: when there is a valuable option to switch employment in the future; when
there is a reasonable probability of switching employers due to exogenous (employer chosen)
termination; the annual employer DC contribution rate is high; or, when the required rate
of return on employee labor capital is high. We find that type of DB plan vesting schemes
matter only for older employees, and that the shape of the term structure, the level of job
switching costs and varying the level of salary growth rates over time have little effect on
plan choice.

The employers decision on the type and design of retirement plan to offer and the em-
ployees decisions are interrelated. The employer’s plan, in conjunction with competitive

employer plans, will affect not only the compensation (salary and retirement plan benefits)



needed to attract an employee, but also the expected tenure of the employee with the firm.
As a result, employer plan choice also has an effect on the level of expected hiring costs
(rehiring, training and search costs) to be incurred when an employee leaves. In the second
stage model of the employers decision, we use the endogenous employee switch boundary
determined from the first stage model to simulate the expected employer salary, benefit and
hiring costs under varied employer (both current and competitive) plan choices and plan
design characteristics.

For employers, we find that DC plans are preferred: when the costs of hiring new employ-
ees are lower; where the employee is young to middle-aged; when probabilities of termination
by the employer are higher; and when there are high level of employee incurred job switching
costs. Employers will prefer DB plans: when there are high levels of hiring costs upon em-
ployee termination; when they have older employees; and, when employees are not subject
to high probabilities of employer determined termination.

In assessing the overall results from both of these models we can conclude that DC plans
are, in the majority of circumstances, preferred by both the employer and the employee. We
find that the expected tenure of the employee will increase with a DB plan and that this
increased tenure can significantly reduce the employer’s hiring costs. However, a DB plan
that tends to retain employees also significantly reduces the switching option value of the
employee, and hence employers must pay a higher annual salary to attract that employee.
The lower hiring costs of DB plans tend to be more than offset by the higher salary costs.
Since today’s employees expect to switch jobs during their career more often than employees
entering the market decades ago, we also can explain the increased preference and prevalence
of DC plans over time.

The structure of this paper is as follows. Section 2 presents and analyzes the employee
choice model. Section 3 uses the optimal switching behavior of employees and analyzes the

employer plan choice model. Section 4 concludes.



2 The Employee’s Model

2.1 Employee Model Description

We first examine the problem of an employee that has two employment alternatives. Each
potential employer offers a salary and a benefit plan. In making the employment decision,
the employee has a valuable option to switch employers (and move to a better salary or
benefit plan) in the future. We use a real options framework to construct a dynamic pro-
gramming model that determines the present value of the employee’s expected earnings and
plan benefits (less any switching costs) given that at all points in time, the employee makes
optimal employment decisions.

Assume that an employee initially starts with an employer. We model both the em-
ployee’s current salary, and a best alternative salary that can be earned if the employee
switches employers. The current and alternative salaries will be modeled as separate, but
possibly correlated diffusion processes. The evolution of the risk-adjusted salary of the initial

employer, S, and the alternative employer, S, follow geometric Brownian motion:®

where the drift rates, a;, and volatility rates, o;, are constants. The market price of risk
parameter, \;, is also constant. dZ; and dZ, are the increments of correlated standard
Wiener processes with dZ,dZ, = pdt.

Our setting is homogeneous of degree one with respect compensation for each stochastic
salary variable. This means that we can divide by the current salary variable and trans-
form the problem from one involving two stochastic variables (the two salary levels) to one

involving a single stochastic variable (the ratio of the two salaries).® We build a trinomial

8Note that if an employee switches employment to earn the alternative salary, the current salary amount
then becomes the alternative, i.e., the employee can switch back and forth to either salary level.

9The choice of plan and the benefits accrued from a plan are affected by the employee’s option to switch
employment. In an option framework, Margrabe (1978) first analyzed, utilizing homogeneity to value an
exchange option, the topic of choice between two risky assets. In this approach, the option to exchange
asset one for asset two is a call option on asset two with an exercise price equal to the value of asset one.
In this case where there is an option to switch employers, it represents a call option on the compensation
of the alternative employer with an exercise price of the compensation of the current employer. Bacinello
(2000)) and Sherris (1995) apply this methodology to value the ability to choose the “greater of benefit” in



tree structure to obtain numerical solutions of the model (see Hull and White (1990), Hull
and White (1994) and Boyle (1986)). The world is discretized so that a finite set of values is
possible for the stochastic variable. The set of possible values is centered around the initial
value and other values take the form of the initial value times a multiplier. From any node,
the tree can branch to only three other nodes-a node with the same ratio value, a node with
a higher ratio value and a node with a lower ratio value. Given these node values, the up,
over and down probabilities for the three branches of the trinomial sub-trees are set so that
the drift and variance of the tree matches the drift and variance of the ratio variable (see

Boyle (1986)).1°

2.1.1 The Terminal Boundary Conditions

In determining the values in the tree, we start with the terminal date. The terminal boundary
conditions are determined at the employee’s retirement age, which is assumed to be at age
65. At the terminal date, T', the present value of any future salary is zero. If an employee is
currently in a DC plan, no further contributions will be made; thus, the present value of the
future DC benefits is also zero.!'' If the employee is currently participating in a DB plan,
the present value of the benefits is calculated as the present value of a life annuity with the

annuity payment determined as follows:
BPE(S(T),Y) = S(T)-Y - A-V(Y) (2)

where S;(7T') is the per period salary earned from employer i at the terminal date T, Y is the
number of years of service that the employee has accrued with the current employer, A is the
annual percentage accrual rate for the DB plan, and V(Y') is the vesting percentage, which

is a function of the accrued years of service.'? The present value of the life annuity is based

alternative pension plans at retirement. We build upon this literature to model and value the options to
choose plans and switch employers.

10See Childs and Triantis (1999) and Childs, Mauer, and Ott (2004) for a more detailed discussion of a
similar numerical procedures.

HDC contributions are valued as they are received and vested by the employee.

12Tn most plans, the DB annuity is based not only on the salary level at the time of departure, but the
average salary over the last few years prior to departure. We base the annuity solely on the final salary to
avoid the path-dependency (tractability) issue raised when using the average salary over a number of years.



upon standard annuity valuation calculations and is a function of the payment amount (as

defined in Equation 2), the risk-free discount rate and life expectancy probabilities.'?

2.1.2 Determining Values Recursively

Working backwards through the tree from the terminal date, the sum of the expected present
value of future salary plus benefits is determined at each node under each of the following
scenarios: the employee stays with the current employer and current plan choice (either a
DB or DC plan); the employee switches to the alternative employer and chooses a DC plan
if available; and the employee switches to the alternative employer and chooses a DB plan if
available. These cases are summarized below.

If the employee stays with the current employer, the present value of the expected future

salary, V.57 (S1(t), Sa(t)), is,
VS (S1(t), Sa(t)) = Si(t) + e ™ME (VSf (S1(t + At), So(t + At))) (3)

where r is the continuous risk-free interest rate, ¢ = 1, 2 (for employer 1 or 2), and j = DB for
a defined benefit plan or 7 = DC' for a defined contribution plan. Note that all expectation
calculations take into account not only uncertainty in salary, but also uncertainty in life
expectancy.®

The present value of expected plan benefits for an employee currently participating in a

DC plan (Equation 4) or a DB plan (Equation 5) is,

VBPC (Si(t), Sa(t)) = Si(t)DCR; + ¢ ™ E (VBPC (Si(t + At), Sa(t + At))  (4)
VBPP (S1(t), Sa(t),Y) = e "ME (VBPP (Si(t+ At), Sa(t + At),Y + At)) (5)

where DC'R; is the defined contribution percentage rate contributed by employer ¢ on behalf
of the employee.

13Life expectancy probabilities are based on a merged gender mortality table for cohorts born between
1935 and 1975, using data on population mortality from the Office of the Actuary of the Social Security
Administration.

14The expected values assume that upon death, the employee accrues no further salary and defined con-
tributions, and that any defined benefits that have accrued are lost.



If the employee switches to the alternative employer, the present value of the expected

future salary is,
VS (Si(t), Sa(t) = Si(t)(1 = Co) + e T E (VST (Si(t + At), Sa(t + At))) (6)

where C represents the transactions costs of switching employers expressed as a percentage
of the employee’s current salary. A similar expression holds if the employee switches from
employer 2 to employer 1. We will omit the valuation equations moving from employer 2 to
employer 1 because they are so similar the given equations.

If the employee is currently in a DC plan and switches to the alternative employer and
chooses a DC plan (Equation 7) or a DB plan (Equation 8), the present value of the current

and expected future benefit is,

VBPC(S,(t), S () = Si(t)DCRy +e™F (VBQDC (Sy(t+ At), So(t + At))) (7)
VBPY(S,(t),S:(t)) = Si(t)DCR; + e ™™E (VBfB (Sy(t + At), So(t + At), 0)) (8)

Equation 8 reflects the condition that if the employee switches to the new employer and
chooses a DB plan, for vesting and benefit purposes they will start with zero years of service
in the new plan.

If the employee is currently in a DB plan and switches to the alternative employer and
chooses a DB plan (Equation 9) or a DC plan (Equation 10), the present value of the current

and expected future benefit is,

VBPE (Si(t), $2(t),Y) = PVLAg (PPP(Si(1),Y))

+e M E (VBYP (Si(t + At), Syt + At),0))  (9)
VBPE (Si(1), S:(t),Y) = PVLAg (PPP(Si(1),Y))

+ e "ME (VBPC (Si(t + At), Syt + At))  (10)

When the employee is currently in a defined benefit plan and switches, the value of the

benefit is the sum of the accrued benefits from the previous plan and the expected benefits



from the new plan (or series of plans). The present value of accrued benefits from the
previous plan are calculated as a life annuity to be received beginning at age 65, denoted as
PV LAgs (PlDB(Sl (1), Y)), with the payment amount based on Equation 2.

In our model framework, the payoffs for the defined benefit plan are path dependent.
Specifically, the value of the accrued defined benefit annuity is a function of the number of
years of service that have accrued with a particular employer. The years of service path
dependency are handled in the dynamic program by calculating a vector of variables at each
node. For example, at the terminal date (and assuming a maximum 40 years of service with
one employer), the program does one calculation assuming 40 continuous years of service
with the existing employer (and plan), another assuming 39 years of continuous service, and
so on, down to 0 continuous years of service. That is, at each node, values must be calculated
for all potential number of years of service. As you work backward through the tree, the
number of calculations at every node shrinks. For example, at the intermediate date of the

tree, values for only up to 20 years of service are necessary.

2.1.3 Determining the Optimal Decision at Each Node

The value of the total compensation package at any given (Si(t), S2(t)) node is the maximum
of the compensation of the available employment choices. For an employee currently with
a defined contribution plan, the total compensation value is the best of as many as three
alternatives: i) stay with the current employer, ii) switch to a new employer and choose a
defined contribution plan if available, or iii) switch to a new employer and choose a defined

benefit plan if available. That is,'

V.SPC(S1(t), Sa(t)) + VBPC (Si(t), Sa(t))
VIPC(S1(t), S2(t)) = maz | V.SPC (Sy(t), Sa(t)) + VBYC (S (1), Sa(t)) (11)
VSPP (S1(t), Sa(t),0) + VBYP (S1(t), Sa(t), 0)

15 Again note that for convenience we have referenced the current employer as employer 1. Equation 11
holds in symmetry with employer 2 as the current employer and employer 1 as the alternative.

10



Similarly, the value of the total compensation package for an employee currently in a defined

benefit plan is,

VSPB (S,(t),S5(t),Y) + VBPB (S)(t), Sa(t),Y)
V7P (S1(t), Sa(1).Y) = max | VISP (Sy(t), Sa(t)) + V BPC (Si(t), Sa(t)) (12)
VSPB (S1(t), Sa(t),0) + VBPB (S1(t), Sa(t),0)

Finally, the model takes into account, through the calculation of the expectation at each
node, exogenous job termination and mortality probabilities that are a function of employee
age.'® At any point (S;(t), So(t)), it is assumed that the employee can be terminated. Upon
termination, the value at the node becomes the maximum of the choices restricted to those

from alternative employers.

2.2 Analysis of the Employee’s Model

For the numerical analysis of optimal plan choice, we start with the set of base-case inputs
that are listed in Table 1. Later in the analysis, we provide the results of simulations that
vary the levels of these base-case input parameters.

We assume that the employee has an anticipated retirement age of 65. The initial salary
for the current employer is the numeraire. Salary growth rates are directly related to both
employee age and the risk-free rate, and we assume that employee salaries grow faster than
the risk-free rate for younger employees, with the rate of growth slowing as the employee gets
older. The assumption about the age-earnings profile is based on the evidence that younger
workers accumulate firm-specific human capital at a faster rate (Topel (1991), Murphy and
Welch (1990), Cocco, Gomes, and Maenhout (2004)). We also assume the market price
of risk is zero in the base case, which is equivalent to assuming risk neutrality. Because
an employee’s current and alternative employment are often in related fields or industries,
we assume a positive correlation of 0.5 between the salaries. The volatility of salaries is

assumed to be 10% annually (Viceira (2001)).1" Finally, should an employee decide to

16Source: Trager, Francis, and SigRist (2001).

17This value is higher than reported salary volatilities based on aggregate data from the Employment Cost
Index since the index reduces the effects of idiosyncratic volatility in individual salaries. Source: Economic
Report of the President, 2001. Samwich and Skinner (2004) used 13% as an estimate of volatility in their

11



switch employers, an assumed cost of 10% of the employee’s current salary is incurred as a
deadweight cost. We assume no switching costs if the employee changes employers because

of exogenous employer termination, assumed to take place at a level of 3.4% probability per

year.!8
Table 1: Base Case Salary, Employee and Other Parameter Values

Initial Salary S1(0) = S5(0) =1
Volatility of Salaries o1 = 09 = 0.10
Salary Drift Rates as a Function of Age

Ages 25-29 a; =ay =1+3%

Ages 30-34 a; =ay =1+2%

Ages 35-39 oy =y =1+ 1%

Ages 40-44 g =g =T

Ages 45-49 g =g =T

Ages 50-54 ar=ag =1 —1%

Ages 55-59 ay =ag =1 —2%

Ages 60+ o =ay=1r—3%
Correlation Between Salaries p=0.5
Retirement Age 65
Job Switching Costs 10% of current salary
Exogenous Job Displacement Probabilities  3.4% per year
Mortality Probabilities Merged gender, cohorts born 1935-1975
Market Price of Risk AM =X =0
DC Plan

Annual Employer Contribution Rate DCR = 6%
Vesting in Employer DC Contributions Immediate, 100%

DB Plan
Annual Employee Accrual Rate A=15%
Vesting in DB Contributions 20% per year

The base-case retirement plan parameters are based on observed plans for state and

simulations

18The data on job termination were derived from the Florida Retirement System (FRS), one of the largest
DB plans in the United States. The FRS consists of almost 800 employers and has 600,000 active members.
The termination data aggregates voluntary and involuntary termination. The mortality data used are based
on cohort mortality experience and expectations for the United States population, and are merged gender.
Using cohort mortality data allows for the incorporation of expectations about future improvements in
mortality.

12



local government employers that offer DB plans (Fore (2001)), higher education institutions
offering primarily DC plans (TIAA-CREF 1992 Employee Retirement and Insurance Benefits
Cost Survey) and a sample of private sector employers offering DC plans (Clark and Schieber
(1998)).

The results from the simulations using the base-case parameters for an employee age 25,
40 and 55 are shown in Table 2. In determining the results for the one-employer cases, it
is assumed that an employee does not have an alternative employer; therefore, we assume
that exogenous job termination probabilities are zero. Thus, the one-employer cases reflect
employment certainty, and provide results when the employee will not leave (switch from)
the current employer as a result of either exogenous termination or endogenous choice. For
all scenarios, including the employment certainty case described here, it is assumed that the
standard mortality probabilities apply.

For the one employer certainty case with these base case parameters, it is clear that the
DB plan is optimal. For an employee of age 25, the present value of expected lifetime salaries
is the same regardless of type of plan chosen (47.91), but the present value DB plan benefits
is more than twice as large as the DC benefits (5.85 vs. 2.87). Similar results, but with
slightly lower magnitudes, hold for an employee of age 40 and 55.'° This demonstrates that,
with these base-case parameters, DB plans are clearly optimal if the employee is certain to
stay with one employer over a lifetime.?°

Once an alternative employer and the potential for changing employment are considered,
either from optimal endogenous employee choice or exogenous termination, the choice of a
DB plan no longer clearly dominates. First, note for an employee of any age and plan, the
present value of expected salary increases significantly from the one-employer case. This
occurs because of the option to switch employers to earn higher compensation. In the case
of the DC plan, the receipt of higher salaries by switching also provides additional DC plan

benefits, since DC benefits are simply a fixed percentage of these higher expected salaries.

190f course, the present value of salary and benefits is greatly reduced for older employees because of fewer
working years remaining until retirement.

20Tf you assume that there is no endogenous switching, but there is exogenous switching, the present value
of benefits decreases for the DB plan but stays the same for the DC plan. For example, a 25 year old
employee, that is currently in a DB plan, does not endogenously switch employers, and moves to another
DB plan employer if there is an exogenous switch, has a present value of benefits of 3.20. Thus, while the
DB plan still dominates with exogenous switching only, the difference between plan values is much smaller.

13



Note that the option to switch is significantly more valuable than the present value of the
benefits.

In the case of a DB plan, switching employers for any reason significantly reduces DB
retirement plan benefits. This occurs because the retirement annuity, which is accrued
from the employer from which the employee switches or is terminated, will be based on a
“frozen” salary, i.e., the salary of the employee at the time of the switch. The retirement
annuity accrued from a previous employer will not reflect the expected increases in salary
over the employee’s remaining lifetime. This is often called the DB portability problem or
the “backloading of DB pension accruals” (Samwich and Skinner (2004)). Additionally, the
potential for losing benefits due to DB vesting requirements exacerbates the reduction in DB
benefits that occurs as a result of job switching. When switching is considered, the present
value of defined benefits is reduced 39.66%, 27.65% and 15.18% for an employee age 25, 40
and 55 respectively. However in all three cases, the increase in expected salary from the
ability to optimally switch employers, more than offsets the reduction in DB retirement plan
benefits. Relative to the no switching or certainty (one-employer) case, for an employee age
25, the option to switch adds 14.51% to the total salary and benefits for a DC plan, and
8.56% to the salary and benefits for a DB plan.?!

In the case of uncertainty when an option to switch is present, the age 25 employee is
nearly indifferent in the choice between a DB plan and DC plan scenario (58.35 in total
salary and benefits for the DB plan vs. 58.15 for the DC plan.) Mixing DC and DB plans
across employers, or providing multiple plans for the employee does not materially change
the total present value for the employee. Simply allowing the employee the option to switch
employers adds enough value to expected future salaries so that plan choice becomes a
secondary consideration.

For an employee that is currently age 40, adding the option to switch provides similar
results, but with lesser magnitudes. As an employee ages, there is less time to exercise the
option to switch employers over the employee’s remaining working lifetime. For an employee

age 40, the option to switch adds 10.63% to the total salary and benefits for a DC plan and

2INote that these amounts do not reflect the full incremental value of the ability to optimally switch
employers, since with uncertainty, there is also expected exogenous switching (non optimal termination)
included in the calculations.
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6.50% to the total salary and benefits for a DB plan. For an employee age 55, the option
to switch adds 5.70% to the DC total value and 3.08% to the DB total value. Again, the
option provides significant value and more than offsets the decline in benefits from the DB
plan. Although the gap between the DB and DC plan is reduced for older employees, the
DB plan remains superior. The negatives of DB plans, namely the lack of portability and
vesting requirements, become less severe for older employees since switching will occur with
less frequency.

It is sometimes asserted that benefits for long-tenured workers are higher in DB plans
than in DC plans. However, in studies of DB and DC plans, Samwich and Skinner (1997),
and Samwich and Skinner (2004)) found that DC benefits were on average about the same
as DB benefits. Given that our base-case parameters are based on empirical evidence, the
fact that our simulation results also show similar compensation totals for each plan type and
for employees at all ages under uncertainty is not surprising.

Figures 1A and 1B examine the effects of volatility on the salary and benefit values for a
25 year old employee. In standard option pricing results, an increase in volatility increases
the value of an option. Further, option value is particularly sensitive to changes in volatility.
These effects are shown in Figure 1A for the case when both employers have a DC plan.
There is a direct relationship between volatility and the value of the switching option. An
increase in volatility generates a rapid increase in the present value of expected salary. DC
benefits are just a percentage of salaries, so the benefits also increase rapidly as volatility
increases.

Figure 1B displays the effect of volatility when both employers have a DB plan. As in
the DC case, the value of the present value of salary increases quickly as the value of the
switching option increases. Benefits, while increasing, are substantially below the certainty
case since the graphed values have a positive probability of exogenous termination. Note
that the rate of increase in the benefits is smaller in Figure 1B than in Figure 1A. There are
two effects that switching jobs has on benefits. First, moving to a higher paying position
has a positive effect on benefits because benefits from the new DB plan will linked to the
new higher salary. Second, there are negative effects on benefits since the benefits from the

original employer will either be lost due to vesting or “frozen” since benefits depend on the
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departing salary.

The switching option becomes less valuable as the correlation between salary variables
increases, since it is less likely that an alternative employer will have significantly higher
salaries than the current employee, thus reducing the potential advantage of switching em-
ployers. This is shown in Figure 2 by the indirect relationship between correlation and the
present value of benefits. The cases shown in the figure are the benefits when both employers
have a DC plan and when both employers have a DC plan. With the correlation = 0, as
the anchor for comparison, the percentage decrease in plan benefits is shown for increasing
levels of correlation. A similar relationship holds for the present value of salaries, but it is
not shown.

Table 3 shows the effects of varying the job termination probability. At the lowest job
switching probability, 0%, we get the pure value of the option to switch since the employee
will only switch optimally (i.e., non-optimal exogenous switches no longer occur). For an
employee age 25, the option to switch employers is worth $7.97 in the DC plan only scenario
(58.75 vs. 50.78) or an additional 15.70% of the total value of salary and benefits. The
option to switch employers is worth $7.52 in the DB plan only scenario (61.27 vs. 53.75) or
an additional 13.99% of the total value of salary and benefits.

Table 3 also shows that as exogenous termination probabilities increase, DC plans become
relatively more attractive. With 0% termination probabilities, and when each employer
offers a DB plan, the total present value of salary and benefits are 61.27, while they are
only 58.75 when each employer has a DC plan. Thus, for scenarios when there is less chance
of exogenous switching, the DB plan is more valuable. Once the exogenous termination
probabilities exceed the base case parameters of 3.4%, the employee is then better off with
the DC plan alternatives. DB plans suffer in comparison because of the portability problem
of the DB benefits when switching employers.

Switching costs incurred upon an endogenous switch are frictions that reduce the value of
the switching option. Table 4 shows results for an employee age 25 of increasing these costs
from the base case value of 10% of current salary to 100% of salary. Increased switching costs
reduces the number of times that an employee will find it optimal to choose an alternative

employer, and thus reduce the present value of salary and benefits by approximately 3%.
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Table 3: Comparative Statics on the Exogenous Job Displacement Probabilities for an Em-
ployee Age 25. The base case exogenous job placement probability is 3.4%. Entries for each

case are listed in the following order: Salary, Benefits, and Total.

Employer Exogenous Job Placement Probabilities Per Year

1 2 0% 1% 2% 3.4% 5% 10%
PV Salary  47.91

DC PV Benefits ~ 2.87 N/A N/A N/A N/A N/A
Total 50.78

PV Salary  55.41 55.24  55.07  54.84  54.57  53.82

DC DC PV Benefits  3.34 3.33 3.32 3.31 3.30 3.26

Total 58.75 58.57  58.39 58.15 57.87  57.08

PV Salary  55.29 55.18 55.03 54.80 54.55 53.72

DC DB PV Benefits  4.78 4.27 3.89 3.49 3.17 2.70

Total 60.08 59.44  58.91 58.30 57.72 56.43

PV Salary  55.31 55.18 55.02 54.81 54.57  53.81

Both Both PV Benefits  5.96 5.04 4.33 3.89 3.71 3.46

Total 61.27  60.22 59.36 58.71 58.28 57.27
PV Salary 4791

DB PV Benefits  5.85 N/A N/A N/A N/A N/A
Total 53.75

PV Salary  55.31 55.18 55.03 54.82 54.56 53.71

DB DC PV Benefits  5.95 5.03 4.30 3.53 2.89 1.92

Total 61.27  60.21 59.33 58.35 57.45 55.62

PV Salary  55.16 55.04  54.90 54.81 54.55 53.73

DB DB PV Benefits  4.71 4.17 3.78 3.42 3.10 2.62

Total 59.87  59.22 58.68 58.23 57.65 56.35

PV Salary  55.31 55.18 55.02 54.81 54.57  53.81

Both Both PV Benefits  5.96 5.04 4.33 3.89 3.71 3.46

Total 61.27  60.22 59.36 58.71 58.28 57.27
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Figure 2: The Effect of Correlation on the Value of Plan Benefits
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The reduction in option value from increased costs affect the DC plan scenario slightly more,
since switches are more common in this scenario than when an employee has the choice of
only a DB plan.

In Table 5 we compare across different age scenarios for the certainty (one-employer)
case and report the parameter value regions where an employee would choose the DB plan
employer. Employees prefer DC plan employers in the complement of the listed parameter
value regions. The crossover point (if it exists) represents the indifference point, i.e., the
value of the parameter at which an employee would be indifferent between the choice of
a DB plan or a DC plan. Note that when there is no alternative employer, and therefore
no switching option, there is no effect from volatility, correlation, or switching costs. Also,
remember that for the certainty case, it is assumed that exogenous termination probabilities
are zero. Since the DB benefits are not received until retirement, DB plans become less
attractive with higher required rates on the the employee’s labor capital (i.e., an employee’s
expected lifetime compensation) due to greater discounting. In the one-employer case for an

employee age 25, the DC plan dominates the DB plan if the market price of risk greater than
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Table 4: Comparative Statics on Job Switching Costs for an Employee Age 25. The base
case job switching costs are 10%. Entries for each case are listed in the following order:
Salary, Benefits, Total and the percentage change in the total relative to the base case.

Employer Job Switching Costs
1 2 10% of Salary 50% of Salary 100% of Salary

PV Salary 47.91 47.91 47.91

DC PV Benefits 2.87 2.87 2.87
Total 50.78 50.78 50.78

PV Salary 54.83 53.91 53.08

DC DC PV Benefits 3.31 3.29 3.28
Total 58.14 57.20 56.36
Change -1.62% -3.06%

PV Salary 54.80 53.90 53.07

DC DB PV Benefits 3.49 3.53 3.54
Total 58.30 57.42 56.61
Change -1.51% -2.90%

PV Salary 54.82 53.90 53.08

Both Both PV Benefits 3.89 3.88 3.85
Total 58.71 57.79 56.93
Change -1.57% -3.03%

PV Salary 47.91 47.91 47.91

DC PV Benefits 5.85 5.85 5.85
Total 53.75 53.75 53.75

PV Salary 54.82 53.90 53.08

DC DC PV Benefits 3.53 3.57 3.58
Total 58.35 57.47 56.66
Change -1.51% -2.90%

PV Salary 54.81 53.89 53.06

DC DB PV Benefits 3.42 3.40 3.38
Total 58.23 57.30 56.45
Change -1.60% -3.06%

PV Salary 54.82 53.90 53.08

Both Both PV Benefits 3.89 3.88 3.85
Total 58.71 57.79 56.93
Change -1.57% -3.03%
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0.32. However, for an employee age 55, the DB plan dominates for all values of the market
price of risk.?? This result again shows that DB plans are attractive for older employees for
a wider range of parameter values. For an employee age 25, the DB plan dominates unless
the DC contribution rate exceeds 12.18% or the DB accrual rate is less that 0.74%. Similar
results hold for older employees. These results reinforce the idea that a DB plan is superior
for most reasonable parameter values, when it is assumed that the employee will remain with

one employer over a lifetime.??

Table 5: Parameter Value Regions in the One Employer Case with Certainty. Entries denote
the indifference parameter values and the region where the total compensation is higher for
the DB Plan Employee. Employees prefer DC plan employers in the complement of the listed
parameter value regions.

Base Case Parameter Value Age 25 Age 40 Age 55

Market Price of Risk DB Dominates for | DB Dominates for
DB dominates

)\1:)\2:0 )\1:)\2<0.32 )\1:)\2<0.47
DC Contribution Rate DB Dominates for | DB Dominates for | DB dominates for
DCR = 6% DCR < 12.18% DCR < 11.76% DCR < 13.01%
DB Accrual Rate DB Dominates for | DB Dominates for | DB dominates for
A=15% A > 0.74% A > 0.76% A > 0.68%

In a world of uncertainty, when an option to switch exists and there is potential for
exogenous termination, the DC plan becomes relatively more valuable. In Tables 6A-C,
we show the results for the uncertainty cases where we compare across employee ages and
exogenous displacement probabilities. For each combination, we again report the dominance
regions from which the indifference point (i.e., the point at which an employee would be
indifferent between the choice of a DB plan or a DC plan) can be inferred.

For an employee age 25, the DB plan is dominant for cases where the displacement

22 A market price of risk of 0.20 is equivalent to a risk premium (added to the risk-free rate) of 2%. Doubling
the market price of risk to 0.40 also doubles the risk premium. We did not do simulations for M PR > 1

23Results for the DC contribution rate and DB accrual rate are not monotonic across employee age due
to the varying salary drift rates that are a function of employee age.
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probability is low or the salary volatility is low.?* This corresponds to the results of the
certainty cases shown in Table 5. For increased levels of uncertainty when switching is more
viable and likely, the DC plan is more valuable. The DB plan is relatively more valuable
when switching costs are high since switching is less likely.2> The DC plan becomes relatively
more valuable when required rate of return on employee labor capital is higher. As the level
of exogenous uncertainty increases, DC plans can offer lower contribution rates and remain
competitive with DB plans. Conversely, as the level of exogenous uncertainty increases, DB
plans must offer higher accrual rates to remain competitive with DC plans.?6

Similar results occur for older employees ages 40 and 55 as are shown in Tables 6B
and 6C. However, for older employees, the DB plan is the preferred plan for a wider range of
parameter values. Once again this illustrates the value of a DB plan for older employees.?

Based on the these numerical solution results for the employee model, the optimal choice
of plan and the expected present value of salary and benefits are influenced by a number of
factors and we find that DB plans are preferred: when the employee can not, or is not likely
to switch employers, i.e., for scenarios where the option to switch employers is unavailable
or is not valuable; when the probability of exogenous job termination is low; when the
employee is older; when a DB plan choice is available upon switch; when the required return
on labor compensation is low; or, when the annual DB accrual rate is high. DC plans are
preferred: when there is a valuable option to switch employment in the future; when there is
a reasonable chance of switching employers due to exogenous termination; when the annual

employer DC contribution rate is high; or, when the required return on labor compensation

is high.

24Tn the simulations, we limit the volatility parameter to a maximum of 20%.

25We did not do simulations with switching costs in excess of 100% of salary, but there may be a level of
switching costs above 100% that would reduce the value of the switching option (and the number of switches)
to a point where the DB plan may be optimal. We feel that levels of switching costs above 100% are not
realistic.

26Defined benefit accrual rates are limited to a maximum value of 4% in our comparative static simulations.

2TWe also find that DB plan vesting schemes matter only for older employees, and that the shape of the
term structure, and the varying the level of salary growth rates have little effect on plan choice.
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3 The Employer’s Model

3.1 Employer Model Description

Given the employee switching behavior, employers determine which retirement plan to offer
its employees. While an employee is working, the employer pays the salary and any defined
contribution payments. In addition, when an employee departs, the firm commits to paying
any vested defined benefits and also incurs a costly search that is necessary to hire a new
employee. Overall, the employer wishes to maintain a workforce while minimizing the sum
total of all salary, benefits and search costs.

We calculate expected employee tenure and the expected employer costs by using Monte
Carlo simulation. We simulate N paths for the current employer salary and for the best
alternative employer salary. Denote s1(¢,n) to be the salary of the current employer, and
So(t,m) to be the salary of the best alternative employer at time ¢ on path n of the simulation.
The salaries follow geometric Brownian motion as described in Equation 1. We assume that
the salaries are paid annually at the end of a year.

In any given year, employees either 1) retire, ii) die, iii) are terminated by the employer,
iv) choose to switch jobs, or v) stay with the current employer. We assume these events
occur immediately after the annual salary is paid. In each of the first four of these events,
the firm incurs a cost, C'y, to search for and hire a new employee and the path is termi-
nated. We model these alternatives in a series of steps. The order of the steps are as follows.
Employees retire at age 65. Firms with defined benefits are committed to paying the ap-
propriate life annuity (see Equation 2). For employees younger than 65, we use mortality
probabilities to determine if an employee survives. Surviving employees may be terminated
with an exogenous displacement probability. If the firm retains the employee, we use the
switching boundary obtained from the employee model and the current and alternative em-
ployer salaries to determine whether the employee switches employers.?® Employees that do
not switch jobs stay with the firm another year.

As the simulation runs we calculate the number of paths that terminate for each of the

28The dynamic program of the employee’s model has discrete salary states. We use interpolation be-
tween the discrete node values to approximate the continuous switching boundary used in the Monte Carlo
simulation.
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possible terminating events. Let Ng(t¢) be the number of paths that terminate with the
employee choosing to switch to the alternative employer at time ¢. Define number of paths
that end at time t in death, Np(¢), and employer termination, Nr(t) in a similar fashion.
The number of paths that terminate with employee retirement is Nz.2? These path numbers
can be used to calculate some sample probabilities. For example, the probability that an
employee works until retirement with the original employer is %

The type of retirement plan plays a role in the length of time an employee spends with a
firm. We use a variety of measures to focus on the employee tenure. The expected employee

tenure is the weighted average of all of the path lengths.

TNp + Tft (Ns(t) + Np(t) + No(t))

EET = =1 ¥ (13)

This value measures the expected time until the employee departs the company for any
reason (retirement, switch to the alternative employer, death or exogenous termination by
the employer).

A second measure of tenure is the expected time to switch. This is calculated in a similar
fashion to the expected employee tenure except that the full length paths (i.e., those paths

that end in retirement) are not included in the weighted average.

't (Ns(t) + Np(t) + Nrp(t))

ETTS =
N — Np

(14)

This value measures the expected time the employee spends with the firm conditional on the
fact that they depart prior to retirement.

A third measure of tenure is the expected employee switch tenure. This is the expected
time that an employee spends with the firm conditional on the fact that they depart volun-

tarily (i.e., either retire or switch to a better paying alternative employer).

TNg+ ST ENg(t)

EEST =
Ng + 375! Ns(t)

(15)

29In our model, retirement can only happen at age 65, hence there is no need for a time argument for Ng.
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The costs on each path take three forms, salary, benefits and hiring costs. Denote s(¢,n)
to be the salary cost for the employer at time ¢ of path n. Similarly let b(¢,n) and h(t,n) be

the benefits and hiring costs. The salary cost for the employer is

Si(t,n) If the employee works for the original employer on path
s(t,n) = n at time ¢ (16)

0 otherwise

The payment of benefits depends on the type of benefit plan offered. If the employer has a

defined contribution plan, the benefits costs are

DCR - S,(t,n) If the employee works for the original employer on
b(t,n) = path n at time ¢ (17)

0 otherwise

That is, every period that the employee works for the original employer, the benefits cost is
a fraction of the current salary.

If the employer has a defined benefit plan, retirement payments occur after age 65 and is
based on the employee’s amount of service and vested benefits. The present value of these

cash flows is

PVS ( P1DB) If the employee survives and leaves the original employer
b(t,n) = on path n at time ¢ (18)

0 otherwise

Any time that the employee leaves for any reason, the firm pays the hiring cost, Cjy,

calculated as a percentage of the employee’s current salary to hire a new employee.

Cy If the employee leaves the original employer for any rea-
h(t,n) = son on path n at time ¢ (19)

0 otherwise

The length of the paths can be quite different depending on the reason the employee

leaves. To compare costs across these differing horizons, we annuitize the values. Consider
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the salary cost for example. First calculate the present value of all the salaries from all the

paths

T

O (i ) (20)

To measure the salary costs, we calculate an equivalent annuity value. This measure is the
equivalent annuity over the time of the expected employee tenure calculated in Equation 13
that has the same present value as the actual cash flows from Equation 20. A similar
calculation is done for the annuitized benefits and for the annuitized hiring costs.

The annuitized costs represent the expected annual costs for salary, benefits and hiring
over the expected tenure of the particular employee hired. In essence, with the additional
assumption that an identical employee is hired upon any employee termination event, these

costs represent the annual costs expected to be incurred over any future time period.

3.2 Analysis of the Employer’s Model

For the first set of parameters, we use the base case parameters that were used in the employee
model with the following additions and changes. We set all salary drift rates to be equal
to the risk-free rate.>® This allows us to accurately compare annuitized costs across cases
with varied employee tenures and ages. After running these parameters through the employee
model, we start the employer simulation at salary levels that represent the indifference point,
which is defined as the point where the employee is indifferent between choosing the current
employer or the alternative employer; therefore, the results of the simulation represent the
expected cost and tenure of new employee hired in a competitive labor market. Specifically,
we assume that the starting salary of employer 2 is the numeraire and adjust the starting
salary of employer 1 to be equal to the indifference point. Additionally, we assume that if
an employee leaves the employer, for any reason, there is an employer hiring cost of 100% of
the employee’s current salary.

Table 7 provides the base case simulation results for employees of ages 25, 40 and 55. It

reports the per year annuitized costs for salary, benefits, and hiring, and the total of these

30For the employee model we had assumed that salary drift rates were a function of age.
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costs. Four cases are presented for each of the employee ages: DCDC represents the case
where the current employer and the alternative employer each have DC plans, DCDB case
represents the case where the current employer has a DC plan and the alternative employer
has a DB plan, DBDC represents the case where the current employer has a DB plan and the
alternative employer has a DC plan, and DBDB represents the case where both employers
have DB plans. The table also reports the probability of all types of departure and three
expected tenure calculations.

For an employee age 25, if both employers have a DC plan (the DCDC case), the total
annual annuitized cost of an employee is 1.3442 and the expected employee tenure is 7.2381
years. Assuming that the alternative employer continues to offer a DC plan and if the current
employer decides to offer a defined benefit plan (DBDC), the expected tenure of the employee
will increase to 8.4102 years, an increase of 16.19%. The increased tenure of the employee
reduces the employer’s hiring cost by 10.37%. However, employees take on the termination
risk inherent with a DB plan due to the vesting and portability issues of DB plans. As
a result employees with a DB plan expect to incur the cost of lost benefits when and if
they switch employers. Given that the value of the employee’s option to switch employers
is reduced with a DB plan, the employee will demand a higher salary to compensate for
this decrease in the switching option value. In the age 25 DB case, the employer must pay
a 3.25% higher annual salary to attract the employee. The additional compensation for
the lost option value means that the total costs will be higher if the firm offers a DB plan
(1.3931 versus 1.3442). Unless the employer incurs high costs to hire new employees, total
compensation costs are minimized with a DC plan.?!

If the alternative employer offers a DB plan, the defined contribution plan (the DCDB
case) still minimizes employer costs (1.3011 versus 1.3472). It is interesting to notice then
when the current employer offers a DB plan, the expected time to switch tenure, which
represents the time to a employee switch (excluding retirement) is reduced by 2.41% and
0.69%. This is because employees in DB plans will have a much greater tendency to stay

a with the current employer until retirement (5.29% vs. 3.54%, a 49.12% increase in the

31When employer hiring costs are very high, the increased tenure that results from offering a DB plan
becomes valuable enough to overcome the higher salary to the employee. Later in this section we will show
the level of hiring costs at which the DB plan minimizes total costs.
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probability of the employee retiring with the current employee).

Similar, but less dramatic results hold for 40 year old employees, i.e., DC plans are
optimal and DB plans would minimize total costs only if hiring costs were more than ap-
proximately 2.5 times salary. For the 55 year old employee however, DB plans dominate in
all cases (unless hiring costs are less than approximately 60% of salary). Older employees
have fewer remaining working years (i.e., the maturity of the switching option is shorter), so
the switching option has less value. While DB plan still significantly change the expected
tenure, the change is option value is smaller. Thus, the tradeoff between option value and
hiring costs starts to tilt toward the hiring cost. Age 55 employees are expected to gain
higher expected benefits with a DB plan and the employer can actually offer a lower salary
with a DB plan.

We now vary the parameters and run simulations to generate comparative statics. For
these runs we show the results for a 40 year old employee. Table 8 Varies the DB accrual
rate from 1.0% to the base case of 1.5% to 2%.3? As the DB accrual increases, the expected
tenure of the employee with a DB plan increases relative to the DC plan, but the large
decrease in employer hiring costs that results is not enough to make a DB plan less costly
in total for the employer. The bottom line is that increasing the DB plan accruals to keep
employees even longer will reduce hiring costs but that the increased DB benefits and the
feedback effect to the employee demanding a higher salary for being locked in (higher cost
to switch and earn higher salaries) tends to dominate.

In Table 9 we show the results for varying exogenous displacement probabilities for a
40 year old employee. These probabilities range from 0 to the base case of 3.4% to 6.8%.
When employees are secure in their positions (0% exogenous termination probability) and
don’t have to worry about termination risk of DB plans being imposed by the employer,
then total costs with a DB plan are similar to a DC plan. On the other end of the spectrum,
DB plans are much more costly with high probabilities of employer termination. In these
cases employees demand much more salary and benefits due to termination risk and loss of
DB benefits.

Table 10 shows the results for varying the costs an employee incurs upon making the

32We assume that for these comparative statics the alternative employer’s accrual rate does not change.

33



%E6'S  UBETE  %USV'8T | NLL6E  %86°LT %TLGL %8€ V1~ %6T'E  WOGTT- WSEITT  %8T'0- duey) .
0v6L€  €908°9  9.8CL | €9¢0°0 6¢¥C0 8€0T°0 04290 | 0000°T | OTOP'T  I8ET0 ¢IST'0  LTIT'T dddd m
GI8G'€  008T'G  G€L9°G | 88I0°0 86810 1650°0 €CEL’0 | CV66°0 | PISE'T  69LT°0  8990°0  9€IT'T  ddDA wM
=
BLT'E  %OEEE  %0S8C | %00'8E  %EL'LT %LGTL %8G LT~ WIVE  WRGTT- %ITGET  %EL0- dSuey) m
Gpes8’e  90LL°L  CISGT'8 | ¥0E00  LTLTO €6¢1°0 L894°0 | 8S0O0'T | ¥¥6E'T  €VCI0 I8GT°0  0cIT'T Dddd F
69€L°€  C6C8'G  9EVE9 | Tce0'0  L2Ic0 €400 6689°0 | 0000°T | 6GPE€'T  G8GT0 ¢L90°0  ¢0cT'T  DAODAd XX
YOV %EV'ET USTTC | %8S'TE  %G0'TC %9¥°G¢ %Cy 11~ WIGT %e8'GT-  %I0°0L  %LET ASuer) =
Q
G669L°€ 62699  9880°L | L9200 TLETO 1860°0 ¢6€9°0 | 0000°T | 0L9€'T  6I¥T°0 I¢IT'0  O0€IT'T dddd m
0€c9'e  €IveES  99P8'G | 96100 8I6T°0 1€90°0 9TcL’0 | CI86°0 | 9€EE'T  G89T'0 69900 T660°T ddDA m
o
WLEC  %ESVC WLSTC | %8LLT  %V80T %01 VS %Cc €1- %LIT %091~ %VTIL %060 OSuey) q_o_
L0¢8°€  €09¢L  TeIL'L | ¢8¢0'0  0LSCO 191T°0 L86S°0 | ¢610°T | 8I8E'T  T€ET'0  PSIT'0  €OET'T  OAId -
69€L°€  C6C8'G  9EVE9 | Tce0'0  LcIcO €400 6689°0 | 0000°T | 0000°0  G8STO ¢L90'0  ¢0cT'T  DAOAd X
%eV'e %9691 %EV'ST | 8T TC %1961 %8¢ %E€G"8- WILT  %EE0T-  %EYET  %08'E ouey) -
6e9L’e  Y08€9  TI6R9 | L¥e0'0  ¥0ECO 8T60°0 0€99°0 | 0000°T | LEEC'T  6SPT°0  6€L0°0  6€IT'T dddd m
6L€9°€  €GSV'G  L696°G | V0200  €661°0 7990°0 6€TL°0 | 699670 | ¢ITET  Lg9T°0 09900  G€80'T  ddDA m
=
%I9CC  WIGLT  %LGST | %LL6T  %V0'ST %1V'8¢ %976~ %BSL'T  %IV0T-  BILIT  %g9g oSuey) m
v0c8'€  T0989  €T€EL | ¥9¢0°0  LVPCO €V0T°0 Lye9'0 | €VE0'T | 669¢€'T  61IFT°0  ¥8L0°0  96VI'T  DAId ,F
69€L°€  ¢6C8'G  9EVE9 | Tce0'0  LTICO €400 6689°0 | 0000°T | 6G¥E€'T  G8GTO ¢L90°0  ¢O0cT'T  DAOAd X
UOJIMG  OINUSY, oINUAY, | Yped(  Sulll JUOWLINeY [oymg | juiod | [e10], Sulllf sjgouaqg  AIefeg
0} W], TUOHUMG JO AY[IqeqOI SATye[nwN)) "Prpur 1800) pezZIINUUY

oofordwryy pajoodxry

seoho[dwry] (f 98y 10J Sojey [RNIDOY AIRA :Q 9[(R],

34



%879 %IVET  YLETT | %8CIT  %EO'TT %8¢'¢cE %8G L- BGEE %469~ %LLIE  YlLTe d8uryp S
G0S¥'e€  G8ILTY  9LEV'G | €LTO0  G99€°0 €9€0°0 6084°0 | 0000°T | T69E'T  9¥8T°0  ¢L80°0  €L60°'T dddd ,m.
90ve'e  TIST'V  GE88F | 6VI0'0  2¢6CE0 7,200 G8¢9°0 | ¥996°0 | LVCE'T  ¥86T'0  8E90'0  G290'T ddDA
=
S
o
%BIV'9  W6ETT  %OS'TT | %CT'ST  %ST'TT %cc 0€ %9€°8- %8G'E  %E0L-  %STIV  %lge d8uryp .__
GoOrv'e 99967 GGTL'G | ¢8T0'0  6EBE0 ¢cv00 L6690 | 69€0°T | POTP'T 0¢8I0  ¢€60°0  TSET'T  DOAId =
98¢€c’e  6I¥VET  09¢T'¢ | 84T0'0  ¥4¥E0 7¢€0°0 79090 | 0000°T | 9T9€¢'T  8G6T'0 09900 8660°'T DADA X
WOV %EV'ET  %STTC | %8VTE  %G0'TC %9¥°G¢ %CV T~ WBIST  %T8'GT-  %90°0L  %LTT oSuey) o
669L°¢  6C69°9  9880°L | LGC0'0  TLECO 1860°0 ¢6€9°0 | 0000°T | 0L9€'T  6IVIO 1210 0eIr't  gaga v
0€c9'e  €IveE'S  9I9P8’G | 9610°0  8S6I°0 1€90°0 9T¢L’0 | CI86°0 | 9€€E'T  ¢89T°0 69900 16607 dAODA T
S
o
Lo %G9Ve  WLITC | U8LLT  %V80C %01 ¥¢ %CC €T~ %BLIT  %EOOT-  %PT9L %060 oSweyd
L0¢8€¢  €09¢L  TCILL | ¢8c0°0  0LGC0 191T°0 L86G°0 | G6TO'T | S8I8E'T  I€LT°0  ¥8IT°0  €0eT'T pada ¢
69€L°€  ©6C8'G  9EVE9 | T¢c0'0  LZIc0 €400 6689°0 | 0000°T | 0000°0  S8GT°0  ¢L90°0 cOcI'T  DADA =
LG YET'CE  %TITE | U8TTY %8¢ €L %0E V- %100~ %9992~ %6T'€0T  %00°€- 9d3uey)
860V  €C696  CGEL86 | OIF0'0  0000°0 104¢°0 680L°0 | 0000°T | €L9€°T  LIOT'0  <¢OVPI'0  €SIT'T  dddd m
9¢90'v  9¢LT'L  OPEEL | ¥8CO'0 000070 EVrTo €L8°0 | 9VTOT | GLGE'T  LSET'0 06900 S6FVI'T  dadA ¥
-
=
%6C L %NIT'8E  NLT'LE | WSV 6V %8¢€"GL %G8 LT~ P00~ %60'ST-  %T6L0T  %Sy'e- eSueyy =
01,97 9926°0T LOVI'IT | 92¥0°0  0000°0 7462°0 0L69°0 | 94986°0 | 6€CE€'T 06800  €IVI'0  9¢60°'T  ODALA hu
GeGEy  LG9¥6'L  09TT'8 | 8T€0'0  0000°0 7891°0 L66L°0 | 0000°T | ¥Pce'T  LECT'O 08900  L2€T'T DADA =X
UOJIMG  OINUQJ, oINUQL, | [Ied(  SULI] JUOWLINRY  [OIMG | JuioJ | [eo], Sully  sjgousg  Arereg
0} W], TUOHMG JO AYIqeqoI dATye[nwN)) "Prpur 1800) PAZIINUUY

ookordwry poroadxri

sooho[dwr] (f 98y 10J SeT)I[Iqrqold Juaweor[dsi(] AIRA 6 O[qR],

35



choice to switch employers. As the cost of switching becomes higher, switching becomes
more expensive and the value of the option to switch is reduced. With higher switching
costs, the employee is likely to stay longer with the same employer (DCDC expected tenure
of 6.3436 years with 10% switching costs versus 10.9253 years with 100% switching costs for
a 40 year old employee). With longer tenure the DB plans look more attractive as vesting
and portability risks are mitigated. However, employees are also more likely to stay longer
with either a DB or DC plan, so the relative savings in hiring costs of a DB plan is still not
enough to justify the increased salary for the employee. Again for the 40 year old employee
DC plans dominate unless employer hiring costs are very high.

Table 11 provides the level of hiring costs above which a DB plan is optimal, and below
which a DC Plan is optimal. High required levels of hiring costs in this table reflect the
cases where DC plans are generally optimal. DC plans are also better in those cases where
the employee is young to middle-aged, displacement probabilities are higher, and there are
high levels of employee job switching costs. DB plans are optimal when there are high levels
of hiring costs upon employee termination, older employees and when employees are not

subject to high probabilities of employer termination.

4 Conclusion

In this paper we address the interrelated issues of employee and employer pension plan choice.
We first construct and numerically solve an employee model that determines the expected
present value of the employee’s lifetime earnings and plan benefits under varied current and
competitive employer plan offerings. In this model we value the employee’s option to switch—
a compound option where the employee can switch to an alternative employer at any time
to gain higher compensation. In the second stage model, we use the endogenous employee
switch boundary determined from the first stage modeling to simulate the expected employer
salary, benefit and hiring costs under varied current and competitive employer plan choices
and plan design characteristics.

Based on the numerical solution results we show that, unless employees are older and/or

are not likely to switch employers over time, DC plans are generally superior for both the
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employer and the employee. DC plans tend to be favored because the employee has a
valuable switching option and DB plan vesting and backloading lead to higher employee
retention that decreases the switching option value. In order to attract employees, DB
employers must compensate employees for the decrease in the option value. This increase in
compensation costs tend to overwhelm the cost savings from having to hire new employees
less frequently.

We find that the optimal choice of employer plan, i.e., where the total expected annuitized
costs of salary, benefits and hiring costs are minimized, is influenced by a number of factors.
For employers, we find that DC plans are preferred: when the costs of hiring new employees
are lower; where the employee is young to middle-aged; when probabilities of termination by
the employer are higher; and when there are high level of employee incurred job switching
costs. Employers will prefer DB plans: when there are high levels of hiring costs upon
employee termination; when they have older employees; and, when employees are not subject

to high probabilities of employer determined termination.
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