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The administrators of state-sponsored defined benefit public pension plans have
considerable discretion to determine the accounting and actuarial parameters used to
calculate the normal cost contributions and amortization payments that, together, com-
prise the sponsoring state’s annual required contribution amount. Using longitudinal
data from the Public Pension Database and a fixed effects approach, we find evidence
that suggests plan administrators decisions about cost and amortization methods are
influenced by the normal cost and amortization payments, respectively. When these
costs increase, administrators tend to use less prudent methods that defer, or keep low,
the pension contributions required from the state while, simultaneously, and perversely,
improving the appearance of the plan’s funded status and the state’s funding discipline.
(JEL H75)

I. INTRODUCTION

Across the United States, state-sponsored
defined benefit pension plans lack sufficient
assets to meet their future obligations to workers.
Munnell, Aubry, and Cafarelli (2014) estimate
that plans, on average, have assets equivalent to
only 72% of the present value of their future lia-
bilities. One of the most important reasons why
many states have low funded ratios is that they
fail to make their annual required contribution
(ARC; Munnell 2012). The ARC is the amount
that the state must contribute to the pension fund
in order to amortize the liabilities the pension
accrued in the current year (referred to as the
“normal cost”) as well as any unfunded liabil-
ities accrued, but not fully funded, in previous
years (referred to as unfunded liabilities). In
2013, only 14 states paid 100% of their ARC
payments, while the average across all states
was 80% (Pew Charitable Trusts 2015). Gen-
erally speaking, the funding effort by states is
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insufficient to ensure that their pension systems
are able to cover future benefit obligations.

Worse still, estimates of funded ratios likely
overstate the current financial condition of pen-
sion systems as well as the funding effort of states
(Novy-Marx and Rauh 2011). One important rea-
son for this is that plan administrators have con-
siderable discretion to establish and modify both
the actuarial and accounting parameters used to
measure their plan’s pension normal costs and
unfunded liabilities that, in turn, determine the
funded ratio of a plan and the amount of the
state’s ARC payment. The ARC payment, for
example, can increase or decrease depending on
the decisions of the members of the pension
board, referred to here as “plan administrators,”
about how to allow the plan’s normal costs to
accrue over time and about the length of the amor-
tization period to be used to pay off any unfunded
liabilities. Plan administrators can imprudently
back-load the plan’s normal cost accruals and
adopt a never-ending amortization schedule that
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reduce the cost of the plan’s newly awarded ben-
efits and unfunded liabilities to the state in the
short run and, thereby, reduce the amount of
the ARC payment required from the state. The
widespread use of overly optimistic and overly
generous assumptions implies most states are
now undercontributing relative to ARC amounts
that are already artificially low due to systematic
understatements of their plan’s liabilities (Novy-
Marx and Rauh 2011).

Plan administrators appear willing to engage
in this type of opportunistic behavior to the
advantage of the state under certain fiscal condi-
tions (Hess 2005). Specifically, the adoption of
more generous accounting and actuarial assump-
tions appears to be most prevalent among plan
administrators in more fiscally distressed states
(Chaney, Copley, and Stone 2002; Eaton and
Nofsinger 2004). While financially and politi-
cally expedient, these actions compromise state
pension promises as well as the sustainability
of the public defined benefit pension system. By
accommodating less disciplined funding efforts
these actions further increase any funding risk of
the promised obligation, which, in turn, increases
the likelihood that workers and retirees will have
their pension benefits reduced by the state (Thom
2017).

This analysis evaluates the determinants of
two unexamined choices made by plan adminis-
trators regarding the methods they use to estab-
lish schedules for new benefit accrual rates and
for paying down the plan’s unfunded liabilities.
Both of these decisions impact the amount of
their state’s funding requirement in a given year.
This is a timely issue as states have been actively
reforming their pension systems within the past
decade (Thom 2017), a period notable for signif-
icant economic and fiscal stress and the entry of
the first wave of Baby Boomers into retirement.
This study adds to the growing body of research
that suggests that the choices plan administra-
tors make are sensitive to their plan’s charac-
teristics and financial circumstances (Chaney,
Copley, and Stone 2002; Eaton and Nofsinger
2004; Stalebrink 2014). This study uses longi-
tudinal data from the Public Pension Database
and a fixed effects regression model to analyze
whether the decisions about the plan’s cost meth-
ods and the amortization schedules are sensitive
to the plan’s normal costs and unfunded liabili-
ties, respectively.

This analysis represents a unique contribu-
tion to the scholarship on public pension plan
management because it is the first to decompose

the ARC into normal costs and amortization
payments to show that plan administrators’
choices about the methods used to calculate each
are, in part, governed by the unique cost they
generate to the state. That is, those plans with
higher normal costs are less likely to adopt the
more prudent entry age cost method. Instead,
these plans tend to defer the financial burden of
normal costs to future budget cycles. We also find
that plans with higher amortization payments
are more likely to modify their amortization
period to allow themselves to “refinance” their
unfunded liabilities in each budget cycle and
continuously spread the amortization payments
over the maximum number of years possible in
each budget cycle in perpetuity. Both of these
actions reduce the plan’s required contributions
in the short run while artificially fostering the
appearance of a more robust funding effort and
a more financially secure pension system. These
findings raise broader substantive concerns about
the loose regulatory framework that allows plan
administrators to strategically choose between
these funding methods.

II. BACKGROUND ON PUBLIC PENSIONS

Public sector employees are enrolled in either
a defined benefit plan, a defined contribution
plan, or, in some cases, both. While defined ben-
efit and defined contribution plans are intended
to provide workers with income in retirement,
there are important differences in their struc-
tures. Defined benefit plans provide retired work-
ers with lifelong annual income payments, the
amount of which is determined by a formula that
accounts for the worker’s salary and years of ser-
vice. While states are ultimately responsible for
ensuring the long-term viability of these benefits,
they typically delegate the administration of these
plans to a fiduciary board, or board of trustees.
These plan administrators are responsible for
directing the plan’s investments and actuarial and
accounting practices (Hess 2005). Defined con-
tribution plans are employee-administered invest-
ment accounts to which both the worker and her
employer contribute a percentage of her salary.
Workers are responsible for determining how
these contributions are invested in the mutual
funds that their employer makes available to
them. The amount the worker has accumulated
at retirement depends on contributions levels and
investment returns. Retiring workers typically
receive this amount as a lump-sum payment and
they are responsible for ensuring that they do not
outlive these funds.
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Despite a significant shift in the pension cov-
erage provided to private sector employees from
defined benefit to defined contribution plans over
the past four decades, a vast majority of cur-
rent public sector workers remain covered by
a defined benefit plan. According to the U.S.
Bureau of the Census (2014a, 2014b), 99.5% of
the 14.3 million public employees in the United
States are enrolled in a defined benefit plan and a
vast majority (88%) of these workers are enrolled
in a plan sponsored by their state government.
According to an analysis by Novy-Marx and
Rauh (2014), the cost of covering these work-
ers varies considerably by state, averaging 6.3%
of total tax revenue across all states, but ranging
from a low of 2.1% in North Carolina to a high of
12.1% in Nevada. These values were calculated
using actual rather than required contributions, so
the share of tax revenue contributed to state pen-
sion systems across states would increase signif-
icantly if states contributed the full ARC amount
each year. Indeed, Novy-Marx and Rauh (2014)
estimate that in order to fully fund their plans
in 30 years, state contributions would need to
increase to 22.6% of tax revenue, on average.
Their results are consistent with a similar study
by Munnell (2012).

States have strong fiscal and political incen-
tives to avoid the significant fiscal strain and
the reduction in the resources available for other
spending priorities and core government services
that fully funding their pensions systems will
likely require. In addition to reducing their fund-
ing effort, states can, through their plan adminis-
trators, manipulate their accounting methods and
actuarial assumptions to paper over the true mag-
nitude of their plan’s liabilities and to reduce
or postpone the contribution amount required
from the state. These modifications are advan-
tageous for state officials because they artifi-
cially reduce the ARC payments and, thereby,
reduce the impact of the pension on the state’s
budget while, at the same time, improve the
appearance state’s funding effort. Perhaps the
most critical and well-researched of these mod-
ifications involves the assumed long-term rate of
return on assets invested in the plan. This rela-
tively obscure value determines the discount rate
applied to future obligations in order to calcu-
late a plan’s current liability and is the subject
of intense debate between plan administrators
and economists (Munnell 2012). Plan adminis-
trators set this rate equal to the expected long-
term yield on the assets held in the pension fund
(around 8%). But in accordance with finance

theory, economists argue that this figure should,
instead, reflect the risk that the state will default
on the obligation itself. Because promised pen-
sion benefits are guaranteed to workers by law,
they are “virtually free of [default] risk” (Brown
and Wilcox 2009, 538). Their preferred “riskless
rate,” is, therefore, roughly equivalent to the aver-
age yield on a bond issued by the state, which is
usually between 3% and 5%. The difference in a
few percentage points between the rates currently
employed by plan administrators and the riskless
rate preferred by most economists has significant
implications for a pension’s reported liability: the
higher the assumed rate, the lower the reported
liability. If states were required to discount their
obligations using a riskless rate unfunded liabil-
ities estimates would increase by 210%, funded
ratios would decline by 33%, and the ARC from
states would double, on average (Munnell 2012;
Novy-Marx and Rauh 2009).

Plan administrators also have the latitude
to modify their actuarial cost and amortization
methods to a similar, but less dramatic effect.
The actuarial cost and amortization method
determine how the state’s normal cost and
unfunded liability contributions are allocated
over time, respectively, in order to fully fund
the pension obligation for workers at the time
of their retirement. By modifying these factors,
plan administrators have the option to front-
load or back-load their contribution schedule
over the careers of plan beneficiaries. Like the
assumed rate of return, plan administrators
may opportunistically back-load normal cost
and amortization payments when they generate
sufficient budgetary pressure.

While plan administrators have significant
freedom in the establishment and structure of
their pension plans, a number of recommen-
dations on plan management have been issued
by the Governmental Accounting Standards
Board (GASB). GASB was established in 1984
as a source for guidance to governments in the
preparation of their financial statements (Kim,
McDonald, and Lee 2016). GASB’s guidance
comes in the form of standards issued and peri-
odically updated by the organization but these
standards are not binding and frequently allow
for a subjective interpretation (Kim, McDonald,
and Lee 2016). In the context of this study, sev-
eral standards issued by GASB relate to the cost
methods and amortization periods employed.
These are: Standard No. 43 and Standard No. 45,
both of which were later updated with Standard
No. 67 and Standard No. 68.
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In statements 43 and 45, issued in 2004,
GASB recommended that plan administrators use
one of four actuarial cost method to determine
an employer’s normal cost contribution. The rec-
ommended methods include entry age, attained
age, projected unit credit, and aggregate. These
standards also defined the maximum acceptable
amortization period for unfunded liabilities as 30
years but do not state whether these 30-year peri-
ods should be open or closed. In 2012, GASB
updated these standards with Statements 67 and
68, which specified the entry age method as the
only method that plan administrators should use
to calculate their plan’s normal costs. The new
standards also stated that plans should amor-
tize their unfunded liabilities over a defined,
closed period.

A. Actuarial Cost Methods

The cost method is an important pension
accounting parameter that influences how nor-
mal costs accrue over the career of an employee.
The two most common cost methods are entry
age and unit credit. Entry age refers to the allo-
cation of benefits over the individual’s working
lifetime from the date of employment, or entry
into the pension program, until their assumed age
of exit. Under this framework, the salary pro-
jections are used to calculate the present value
of the employee’s prospective pension benefit.
This amount is then allocated evenly across the
employee’s “entry age” to her retirement age
(Peng 2008). Thus, the normal costs for employ-
ees are fixed over time and are “front-loaded”
because, early in the worker’s career, these pay-
ments exceed the present value of their future
benefit. Unit credit refers to the allocation of
the present value of benefits based on the ben-
efits that an individual has accrued as of the
valuation date. Under this framework, normal
costs are adjusted by the employee’s probabil-
ity of survival in service and discount factors
that increase each year. Therefore, normal costs
are “back-loaded” and increase substantially with
time (Peng 2008).

Both entry age and unit credit are accepted
actuarial methods and, until recently, the choice
between them has not been considered to be very
controversial as both ultimately produce the same
total cost by the end of employment. From this
perspective, plan sponsors using unit credit are
simply more willing to exchange lower normal
costs today for higher normal costs in the future
and prefer these escalating payments to the more

stable normal costs of the entry age approach.
As long as a state’s funding effort increases pro-
portionately with the rise in normal cost accru-
als over time under the unit credit approach, then
the choice between these two methods remains
inconsequential. However, Munnell (2012) found
that most plans that use a unit credit cost method
tend to have higher unfunded liabilities, which
suggests that, in general, state contributions do
not keep pace with normal costs as they continue
to rise over time under this formula. She finds
that states with a unit credit cost method are 53
percentage points less likely to make their full
required contribution and have a funded ratio that
is, on average, 11.5 percentage points lower than
those plans using an entry age method. Even these
figures may actually overstate the state fund-
ing efforts and financial security of these pen-
sions due to the fact that the unit credit method
shifts the benefit accruals and, therefore, normal
cost payments to cover younger workers’ pension
benefits to the future.

To see how this works consider the same
under-payment of a $1,000 contribution by state
i in time period t to fund the normal cost of
the same 35-year-old worker with ending pay
of $50,000 under each framework. Assume that
the normal cost for this employee in the first
year of employment, t, is $2,400 under the entry
age approach and $1,500 under the unit credit
approach. The normal cost payment under the
entry age approach is higher because it is “front-
loaded,” therefore states use this method to pre-
pay a portion of the benefits the workers will earn
in future years. In this example, the same $1,000
contribution on the part of the state would result
in an unfunded liability amounts in the next year
of $1,400 under the entry age approach and $500
under the unit credit approach. Thus, the required
amortization payments for these unfunded liabil-
ities included in the ARC will be lower the fol-
lowing year, t+ 1, for equivalent, but still insuffi-
cient, contributions in the current period t under a
unit credit approach. With a relatively lower ARC
payment in t+ 1, states can more easily main-
tain the appearance of a concerted funding effort
without actually changing their funding effort.
In addition, the relatively lower estimate of the
unfunded liability in t+ 1 under the unit credit
method ($500) compared to the entry age method
($1,400) results in a less pronounced reduction
in the estimated ratio of the state’s assets-to-
liabilities used to determine the plan’s funded sta-
tus in t+ 1. Thus, the pension obligations of Plan
B can appear more secure than those of Plan A
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with equally insufficient funding efforts from the
sponsoring state.

Of course, the unit credit approach can only
help a state maintain the appearance of a more
disciplined funding effort and a more secure pen-
sion benefit for a given contribution amount to
fund the pension benefits of the worker in this
example in the short run. Under the unit credit
approach, the worker’s benefit accrual rate will
rise over time, meaning that the annual normal
cost payment required to fund her benefits will
also rise and, eventually, exceed the normal cost
amount that would otherwise be required under
the entry age approach. The fiscal benefits of
using the unit credit approach to calculate the nor-
mal costs for this worker, therefore, decline as
she approaches retirement age. Unless the state
contributions to Plan B increase over time to
correspond with the rising benefit accrual rates
of the worker, then the ARC payments required
to fund the underlying obligation will balloon
toward the end of the worker’s career as the esca-
lating normal cost contributions will be combined
with rising amortization payments. Thus, the fis-
cal benefit to the state from using a unit credit
approach is a function of the age distribution of
the active members in the pension plan. All else
equal, the fiscal benefits will be largest for plans
with higher normal costs (i.e., more generous
plans) and younger active members.

The possibility that plan administrators strate-
gically avoid the entry age method in favor of the
unit credit method for these purposes would not
be so troubling if the two approaches resulted
in equally secure pension benefits. Assuming
equally disciplined funding efforts, pension
obligations should be more secure when plan
administrators front-load the state’s normal
cost contributions using the entry age method.
While more costly in the short run, the “pre-
payments” required under this approach can
reduce the lifetime budgetary burden of the plan
and improve its funded status because they earn
investment returns over time. The investment
yield on these contributions both reduces the
lifetime contributions required from the state to
fully fund the plan’s obligations and increases
the plan’s assets relative to its obligations. By
contrast, back-loaded normal cost contributions
to the second plan (Plan B) using the unit credit
approach may result in a lower yield on state
contributions due to a relatively short investment
horizon that may itself necessitate a more con-
servative investment strategy. Lower investment
returns by the pension fund will increase in the

long-term funding effort required from the state
to fully fund the plan’s obligations.

An appreciation of these issues may have com-
pelled GASB to designate the entry age method
as the only appropriate method for calculating
normal costs in Statements 67 and 68 issued
in 2012 (GASB 2012). After GASB established
these standards, many pension plans systems
transitioned from the unit credit to the entry age
cost method. Figure 1 illustrates the gradual, but
unsteady, shift from the unit credit to the entry age
method among plans from 2002 to 2014. Over
this period, the share of plans using the entry age
method rose from 83% to 95%. However, there
was a small reversal in this trend in the period fol-
lowing the financial crisis in 2007 and throughout
the subsequent recession that officially ended in
2009. It appears that plan administrators either
changed their plan’s cost method from an entry
age to a unit credit method or postponed their
plan’s transition from the unit credit to the entry
age method during this period. It is likely that
their actions and inactions were motivated, in
part, by a desire to reduce pension costs or pre-
vent them from growing further, if only temporar-
ily, during a period of falling tax revenues and
heightened fiscal stress.

B. Open and Closed Amortization Periods

In the context of public pensions, amortization
is the process of paying down any unfunded lia-
bilities through regular payments over a period
of time. Like the amount of the unfunded lia-
bility, the length of time over which these pay-
ments will be made is an important determi-
nant of the amount of the amortization payment
required from the state in each period. For a given
unfunded liability amount, the longer the amor-
tization period, the lower the amortization pay-
ment. Amortization payments are combined with
the normal cost payments to obtain the total ARC
amount required from the state each year to fully
fund a plan’s pension obligations.

Like the cost method, plan administrators have
considerable discretion when setting the amorti-
zation schedule for their plan’s unfunded liabili-
ties. Plan administrators are free select the length
of the amortization period for the unfunded liabil-
ities of their plan but almost all voluntarily com-
ply with the provisions in Statement 27 issued by
GASB in 1996 that require that these periods not
exceed 30 years. However, plan administrators
may also choose whether this period of 30 years
or less is “open” or “closed,” which can have a
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FIGURE 1
Percent of Plans Using an Entry Age Cost Method, 2002–2014

Notes: The distribution represents variation in the cost method for plans included in the estimation sample (n= 101). The
years along the x-axis start at 2002 rather than 2001 because we lagged all of the explanatory variables 1 year, which means that
2002 is the first wave in which we observe the dependent variable, entry age, in our sample.

large impact on the amount of the amortization
payment required from the state each year.

Open amortization refers to the annual
reamortization of a liability using the plan’s
full amortization period. Because the schedule
for payments to cover any unfunded liabilities
is reset each year to the maximum number of
years, open amortization is analogous to taking
out a loan every year for the unpaid balance of
the loans taken out in the previous year. Thus,
a plan with a 30-year open amortization period
will calculate its amortization payment over
a 30-year period each year, which results in
a date when any unfunded liabilities must be
paid off that is always 30 years away. Consider,
for example, the amortization schedule of a plan
with unfunded liabilities totaling $30 million that
will be amortized over an open 30-year period. In
the interest of simplification, let’s also assume an
interest rate of 0% and that the state now makes
the full ARC payment each year. In year 1, the
amortization payment is $1 million. In year 2, the
remaining $29 million liability is spread, once
again, over a 30-year period and the required
payment amount in this period falls to $966,667.
After 30 years, the amortization payment has
fallen to $361,662 and the remaining unfunded
liability totals $10.5 million. Thus, resetting the

amortization schedule each year results in an
amortization payment that continues to decline
in each subsequent period and an underlying
liability that is never fully funded.

Conversely, closed amortization is the adop-
tion of a payment schedule over a fixed number
of years that declines by one each year. This is
equivalent to taking out a single loan and paying
that debt down over time without re-financing.
Thus, the number of remaining amortization pay-
ments in a closed amortization period depends on
the number of years that have previously passed.
Consider, again, a plan that has $30 million in
unfunded liabilities that will now be amortized
over a closed 30-year period. The amortization
payment is $1 million in each year over the
30-year period. After 30 years, no amortization
payment is made because none of the original
unfunded liability remains.

The risks of using an open rather than a
closed amortization period to the security of the
promised pension benefit concern continuously
rolling-over unfunded liabilities. The indefinite
deferment of these liabilities results in lower
required amortization payment amounts than
would otherwise be required under a closed
amortization period in a given year. These
amounts continue to decline over time without
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ever reaching zero because, in each period, a new
amortization payment amount is calculated in
each new budget cycle by spreading the remain-
ing unfunded liability over the maximum number
of years possible. As a result, even in periods
of stable or declining state contributions, plan
administrators can adopt an open amortization
period to improve the appearance of the state’s
funding discipline while simultaneously reduc-
ing the likelihood that the unfunded liabilities
will ever be fully funded. This feature may allow
states to defer corrective action that may be
necessary (e.g., benefit reductions, contribution
increases) to ensure that the pension obligations
are properly funded upon a worker’s retirement.
Pension plans cannot interminably defer these
unfunded liabilities even if imprudent and illog-
ical accounting strategies will allow them to
do so.

The risks posed by open amortization may
have compelled GASB to issue guidelines in
Statement 68 that specifically exclude the use
of an open amortization period because, in their
view, “this approach is inconsistent with the over-
riding view that the cost of pensions should be
recognized over the career-long period during
which an employee provides service” (GASB
2012). After the GASB issued this statement in
2012, the share of plans that use open amorti-
zation did appear to decline slightly though a
substantial minority continues to use it. Figure 2
plots the share of plans that use an open amorti-
zation over the observation period in this study.
According to the figure, nearly 60% of all plans
amortized their unfunded liabilities in 2006; since
that time, the share has fallen to roughly 35%.

III. CHOICE OF PENSION PARAMETERS

The “working assumption” of studies analyz-
ing plan administrators’ choices regarding the
accounting methods and actuarial assumptions is
that these decisions are influenced by the inter-
ests of political actors to keep pension costs to
the state low (Stalebrink 2014). Administrators
are expected to be sensitive to political prefer-
ences of elected officials because, oftentimes, the
positions on a state’s pension board are filled by
political appointment (Matkin, Chen, and Khalid
2016). This expectation is grounded in the pub-
lic choice theory that postulates that administra-
tors’ decisions are, at least in part, a function
of narrow political or self-interest rather than
the interest of the public. One important pre-
diction of this model is that public employees

will behave opportunistically and favor policies
that yield current benefits in exchange for larger
longer-term costs that are difficult to identify,
even when these policies are economically inef-
ficient. In this context, the opportunistic behav-
ior of plan administrators involves the adoption
of accounting and actuarial assumptions favored
by state policymakers in exchange for a position
on the state’s pension board, which are usually
among the highest paying public service posi-
tions in state government. These actions involve
obscure and esoteric decisions about whether to
adopt or not adopt a particular cost-method or
amortization period which can yield immediate
fiscal benefits to policymakers and less obvi-
ous future costs to taxpayers and retired work-
ers. Thus, myopic opportunism and information
asymmetry combined with political and fiscal
expediency may help explain the decision of plan
administrators to change their plan’s cost method
from entry age to unit credit as well as the deci-
sion of other administrators to not change their
plan’s cost method from a unit credit to an entry
age. The same is true regarding the plan admin-
istrator’s decision between an open and a closed
amortization schedule.

Previous studies consistently demonstrate that
opportunistic pension accounting practices and
actuarial assumptions are most prevalent among
those plan administrators in fiscally distressed
states and of more poorly funded plans. Chaney,
Copley, and Stone (2002) found that worse fis-
cal conditions are associated with the adoption
of higher long-term expected rates of return, but
only in states with balanced budget amendments.
Presumably, the administrators of these plans
assume higher rates of return on the assets held by
the pension for the purpose of reducing present
value of the plan’s liabilities and future obliga-
tions. Similarly, using data from the same time
period, Eaton and Nofsinger (2004) find that plan
administrators in states with tight fiscal environ-
ments are more likely to increase their expected
rate of return and to increase the period over
which their liabilities are amortized. Using data
on pensions administered by local governments
in Michigan and Pennsylvania, Vermeer, Styles,
and Patton (2010) also find that greater fiscal con-
straints are associated with the adoption of “ag-
gressive” methods and assumptions. They find
the same tendency among plan administrators of
pensions with greater unfunded liabilities. Most
recently, Stalebrink (2014) modeled the determi-
nants of the expected rate of return using the most
representative data and the most richly specified
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FIGURE 2
Percent of Plans Using an Open Amortization Period, 2002–2014

Notes: The distribution represents variation in the amortization method for plans included in the estimation sample (n= 103).
The years along the x-axis start at 2002 rather than 2001 because we lagged all of the explanatory variables 1 year, which means
that 2002 is the first wave in which we observe the dependent variable, open amortization, in our sample.

model to date. He found that plans with less con-
servative asset allocations, more poorly funded
plans, plans with more political appointees on the
investment board, and plans that have access to an
investment council tend to assume higher rates of
return on the assets held by the pension. These
results are consistent with earlier work by Hsin
and Mitchell (1997) who, in addition, find that
these decisions are sensitive to the prevailing eco-
nomic conditions.

A. Hypotheses

Plan administrators’ decisions about the cost
and amortization methods have important impli-
cations for the estimates of how much the state
must contribute in the current period to cover
the normal costs and unfunded liabilities of their
plan. For this reason, these decisions are likely
a function of many of the same determinants of
other well-studied accounting and actuarial deci-
sions these individuals must make with similar
consequences for a state’s pension contributions
such as the assumed rate of return on assets held
in the pension fund. In addition to these simi-
larities, plan administrators’ decisions regarding
actuarial cost and amortization methods may be
uniquely sensitive to other specific plan charac-
teristics such as the plan’s normal cost and the

unfunded liabilities, respectively. For example,
plans with high normal costs may be less likely
to adopt entry age method because this approach
can add to those costs and increase the budgetary
burden of the pension, particularly if the active
members in the plan tend to be younger. Instead,
administrators of these plans may prefer to defer
the normal cost contributions by allowing them
to accrue more slowly in the short run by using
a unit credit method. Similarly, plans with high
levels of unfunded liabilities may adopt an open
amortization period to continuously spread those
obligations over the maximum number of years
possible in each budget cycle in order to reduce
the amount of the amortization payment required
from the state. In essence, sponsors may strate-
gically tailor the parameters of their plans to
suit the specific source of the fiscal constraints
generated by their pension: the cost of new
benefits accruals or cost of existing unfunded
liabilities. From these expectations, we propose
the following hypotheses:

Hypothesis 1a: Plans with high normal costs
will be less likely to use an entry age cost method.

Hypothesis 1b: The age of workers covered
by the plan will moderate the effect of normal
costs on the likelihood that a plan uses an entry
age cost method. This relationship will attenuate
as the age of covered workers increases.
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Hypothesis 2: Plans with high levels of
unfunded liabilities will be more likely to use an
open amortization period.

IV. EMPIRICAL METHODS

We estimate k fixed effects models of the fol-
lowing form using ordinary least squares (OLS)
regression to test the hypotheses outlined above:

Yk
it = αi + βNormalCostit−1(1)

+ γAmortizationPaymentsit−1

+ πZit−1 + θTt + uit,

where Y represents outcome k measured for plan
i in time period t. The plan’s Normal Cost mea-
sures the present value of the benefits accrued
by workers in plan i for which the state is finan-
cially responsible in year t− 1 as a percent of total
state expenditures. Amortization Payments mea-
sures the amount of the annual contribution the
state is required to make in year t− 1 to amor-
tize any unfunded liabilities associated with plan
i as a percent of total state expenditures. The
term Z denotes a vector of time-varying control
variables and T denotes a vector of time dum-
mies for each year t− 1 and t in the observa-
tion period, respectively. All of the explanatory
variables are lagged 1 year to avoid the possi-
bility of simultaneity bias. The coefficients in
the Equation (1) are estimated using within-plan
variation, or changes, in the dependent variable,
k, and the explanatory variables over the obser-
vation period. The standard errors are robust to
account for the heteroscedasticity inherent in lin-
ear probability models and clustered at the plan
level. When examining these relationships, we
make no a priori assumptions about the functional
form of the hypothesized relationships, and there-
fore, test for nonlinearities using quadratic and
cubic terms.

This is the first analysis to take advantage of
the panel data available on pension plans and to
specify a fixed effects regression model to ana-
lyze the decisions of plan administrators regard-
ing their accounting and actuarial methods. This
approach is preferable to the related cross-section
studies because it controls for the bias associ-
ated with unobserved time-invariant geograph-
ical, historical, or institutional factors that are
systematically correlated with the outcome and
the explanatory variables of interest. The two-
way fixed effects model defined by Equation
(1) also controls for the unmeasured factors that

account for differences in these methods for all
plans in year t. The addition of the time fixed
effects is necessary to remove the distinctive
time-specific effects that the financial crisis and
the Great Recession may have had on these out-
comes. One drawback of this approach is that
the effects of time-invariant covariates cannot be
estimated such as whether the state uses Gener-
ally Accepted Accounting Principles for financial
reporting which could proxy for accounting pro-
fessionalism within a state or the existence and
stringency of balanced budget requirements, both
of which are invariant over the observation period
of this analysis.1

In this context, there is a distinct advantage to
use OLS to estimate Equation (1) for the dichoto-
mous outcomes in this study as opposed to a
logistic regression model. Specifically, the esti-
mation sample of fixed effects logistic regression
is conditional on variability in the dependent vari-
able over the observation period for a given unit.
That is, nonlinear fixed effects models leave only
plans that move from a unit credit method to
another cost method, or the converse, in the esti-
mation sample. This sample restriction implies
that those plans with no variability in the depen-
dent variable provide no information that is use-
ful for estimating these parameters, which, in this
context, is not the case. Moreover, this restriction
would significantly reduce the generalizability of
the results from this study.

As Angrist and Pischke (2009) explain,
changes in the expected value of dichotomous
dependent variables can be reliably estimated
using linear regression. However, this approach
is often criticized for generating fitted values
that can lie outside of the unit interval, which
creates the potential for bias (Horace and Oaxaca
2006). The likelihood that this source of bias
affects our estimates is small as a vast majority
of the predicted fitted values generated from our
models lie between zero and one. Moreover, as
Wooldridge (2010, 455) notes: “[i]f the main
purpose is to estimate the partial effect of [the
covariates] on the response probability, averaged
across the distribution of [the covariates], then
the fact that some predicted values are outside
the unit interval may not be very important.
The [linear probability model] need not provide

1. The effects of a time-invariant variable can be esti-
mated by interacting it with a relevant time-varying variable
(Allison 2009). While the main effect of the invariant vari-
able is not observed, the coefficient on the interaction term
indicates how the effect of this variable changes with respect
to the time-varying variable (usually time).
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very good estimates of partial effects at extreme
values of [all the covariates].” Since we are only
interested in the partial effects of normal costs
amortization payments at representative, rather
than extreme, values of these covariates we use
the linear probability models to estimate the
coefficients in Equation (1).

A. Data and Sample

The principal dataset used in this study is the
Public Plans Database (PPD) which is compiled
by the Center for Retirement Research at Boston
College, the Center for State and Local Gov-
ernment Excellence, and the National Associa-
tion of State Retirement Administrators (2016).
The PPD is comprised of longitudinal data from
2001 to 2014 on 114 state-sponsored pension
plans in the United States. This sample repre-
sents 90% of the total public pension member-
ship and public pension assets in the country.
The dataset includes comprehensive information
on the membership, financial status, and actuar-
ial assumptions of each plan. These measures are
constructed using data from the Comprehensive
Annual Financial Reports (CAFR) and Actuarial
Valuation Reports (AVR) prepared by state offi-
cials for each plan they administer. We merged
data from several sources with the PPD in order
to capture relevant data on the actuarial assump-
tions of each plan as well as state-level economic,
fiscal, and political conditions. The sources of the
merged data are included along with the summary
statistics in Table 1.

In order to address our research questions,
we generated two subsamples from the PPD.
The first subsample is comprised of 103 plans
that employ either a unit credit or entry age
cost method. The remaining 11 plans were not
included in the sample because they employ an
aggregate cost method (n= 6) or a frozen ini-
tial liability method (n= 5) which represent fun-
damentally different approaches to calculate the
present value of future benefits and normal costs.2

The 103 plans in the sample represent pension
systems from 45 states and cover state employees
(58%), teachers (30%), and public safety officials
(12%).3 The second subsample is comprised of
106 plans with nonmissing amortization period

2. For more information about these methods, please see
Anderson (2006).

3. All states provide a pension public employees but the
pension systems not represented in this sample include those
from Nebraska, South Dakota, Tennessee, Washington, and
Wisconsin.

data in the PPD. Missing information on the key
explanatory and control variables further reduced
this sample to 103 plans. The plans in this sam-
ple represent pension systems from 47 states that
cover state employees (6%), teachers (27%), and
public safety officials (13%).4

B. Outcome Variables

We constructed two dichotomous outcomes
indicating the use of particular cost method and
amortization periods. The first measure, Entry
Age, is coded “1” for plans that use an entry
age cost method to calculate the normal costs
in year t and “0” for plans that use a unit
credit cost method that same year. The sec-
ond measure, Open Amortization, is coded “1”
for plan i in each time period, t, that the plan
amortizes its unfunded liabilities over an open
amortization period. This measure is coded “0”
for plan i in each time period t that the plan
amortizes its unfunded liabilities over a closed
period. Owing to the strong structural similarities
between closed and “fixed” amortization peri-
ods, this measure is also coded “0” for plan i
in each time period t that the plan amortizes its
unfunded liabilities over a fixed period.5 Only 4%
of the sample used a fixed amortization period
and the results are strongly robust to the inclu-
sion or exclusion of these plans from the estima-
tion sample.

C. Explanatory Variables

Normal Costs and Amortization Payments. In
order to test the hypotheses of this study, we
measure employer normal costs and amortization
payments as a share of total state expenditures.
These variables measure the two components of
a state’s ARC payment and do not include con-
tributions required from workers covered by the
plan. The numerators in these ratios reflect what
the state is required to pay in a given year to cover
these costs, not what they actually pay. Again,
these measures are lagged 1 year to ensure proper

4. The pension systems not represented in this sample
include those from Nebraska, Vermont, and Wisconsin.

5. Unfunded liabilities must be paid off by a specific
date under both a closed and fixed amortization period. The
difference between these methods is that the former sets a date
in which the plan’s total liability must be paid off while the
latter sets a date for that is a fixed number of years from the
date when an unfunded liability was first created. As a result,
when a plan uses a fixed amortization period, the state will
be paying down liabilities created in different years, but that
are amortized over the same fixed period of time (Munnell,
Aubry, and Hurwitz 2013).
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TABLE 1
Summary Statistics for Both Estimation Samples, 2001–2014

Entry Age (n= 101) Open Amortization (n= 103)

M SD Min Max M SD Min Max Data Source

Dependent variables
Entry age 0.86 0.14 0.00 1.0 Public Plans Database
Open amortization 0.52 0.26 0.00 1.00 Public Plans Database
Explanatory variables
Employer normal cost 0.90 0.33 0.00 6.62 0.91 0.33 0.00 6.62 Public Plans Database
Amortization payment 1.01 0.51 0.00 6.98 1.00 0.50 0.00 6.98 Public Plans Database
Pension characteristics
Funded ratio 76.71 9.20 19.10 138.40 77.65 9.03 19.10 138.40 Public Plans Database
Percent of ARC paid 91.51 52.07 0.00 1727.66 91.80 52.04 0.00 1727.66 Public Plans Database
Equity share 54.03 7.73 7.11 99.70 54.36 7.51 7.11 99.70 Public Plans Database
Investment return (3 year) 6.20 6.12 −8.57 17.90 6.19 6.12 −8.57 17.90 Public Plans Database
Ln(plan assets) 16.12 0.18 13.30 19.43 16.25 0.16 13.43 19.46 Public Plans Database
Ln(payroll) 14.84 0.12 12.46 17.62 14.89 0.12 12.46 17.62 Public Plans Database
Ln(active members) 11.07 0.09 8.26 13.66 11.12 0.09 8.26 13.66 Public Plans Database
Plan maturity 1.93 0.37 0.26 8.58 1.93 0.36 0.29 8.58 Public Plans Database
Age of active members 45.03 0.68 36.9 53.7 44.96 0.68 36.9 53.45 Public Plans Database
State-level factors
State GDP per capita (000 s) 46.12 2.36 29.15 74.29 46.64 2.40 29.15 74.29 Bureau of Economic

Analysis (2016)
State unemployment rate 6.45 1.74 2.50 14.40 6.47 1.75 2.50 14.40 Bureau of Labor

Statistics (2016)
Percent unionized 11.26 1.07 1.90 25.80 11.64 1.06 1.90 26.10 Bureau of Labor

Statistics (2016)
Nominate score 48.42 15.73 0.00 92.45 48.14 15.80 0.00 92.45 Berry et al. (2010)
Tax capacity 14.49 2.33 4.00 41.55 14.50 2.36 4.00 41.55 U.S. Census Bureau,

2016; Tax Policy
Center (2016)

Ln(total revenue) 17.04 0.26 14.66 19.59 17.11 0.26 14.66 19.59 U.S. Census Bureau
(2013)

Revenue/expenditures 1.03 0.16 0.31 1.61 1.03 0.16 0.31 1.61 U.S. Census Bureau
(2014)

Notes: The statistics were generated from the pooled sample of plan-year observations for all plans in the estimation samples
from 2001 to 2014. All dollar amounts are expressed in constant 2009 dollars. The standard deviation measures the within-plan
variation in the variable over time.

causal ordering. The fixed effects models will use
variation in these measures over time to analyze
their association with the cost and amortization
methods employed by plan administrators. The
results of the study are robust to measurement
of normal costs and amortization payments as
a share of state revenue in a given year rather
than expenditures.6 We contend that expressing
these costs as a share of expenditures is the most
useful approach as it best captures the choices
available to state policymakers in a fiscally con-
strained environment. Specifically, when pension
expenditures increase as a share of a state’s total
expenditures, either other expenditures will need
to be reduced or higher revenues will need to be
obtained.7

6. Results available upon request.
7. We would like to thank an anonymous reviewer for this

insight.

Control Variables. We control for several plan
characteristics, all of which are lagged 1 year.
Two measures are included to proxy for the
states funding effort: funded ratio and percent of
ARC paid. Funded ratio measures the expected
present value of the plan’s assets divided by the
expected present value of the plan’s liability and
is a proxy for the sponsoring state’s long-term
funding effort. Percent of ARC paid measures the
share of the ARC payment the state made in the
previous year and, therefore, proxies for the spon-
soring state’s short-term funding effort. Equity
share measures the fraction of the plan’s assets
invested in stocks. This measure serves as a proxy
for the plan administrators’ appetite for risk.
Investment return measures the performance of
the plans assets over the previous 3 years. Ln(plan
assets) measures the log-transformed amount of
assets invested in the pension plan. Ln(payroll)
measures the log-transformed total pensionable
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earnings of plan participants. Ln(active members)
measures the log-transformed size of the plan
in terms of current contributing members. These
variables were logged because linearity is not a
reasonable assumption and it is, therefore, more
appropriate to measure changes in the outcomes
associated with proportional increases in these
measures. Plan maturity measures the ratio of
the number of active members—those workers
currently contributing to the pension fund—to
the number of beneficiaries—those retired work-
ers currently receiving pension benefits. The final
plan-level variable, Age of Actives, measures the
average age of active members.

We also control for several state-level eco-
nomic, political, and budgetary factors, lagged
1 year. State Gross Domestic Product (GDP)
per capita measures the state’s gross domestic
product per capita in thousands of dollars in a
given year. State unemployment rate measures
the share of the state’s workforce that is unem-
ployed in a given year. Percent unionized mea-
sures the share of the state’s workforce who are
members of a union in a given year. Nominate
score is the NOMINATE measure of state govern-
ment ideology developed by Berry et al. (2010).
This measure ranges from “0” to “1” where
larger values are associated with more liberal
state governments in a given year. More liberal
governments may provide more generous pen-
sion benefits resulting in higher normal costs that
may, in turn, result in more political pressure to
manipulate the accounting and actuarial assump-
tions in these states.8 We use three variables to
capture different dimensions of a state’s fiscal
climate. The first variable, tax capacity, mea-
sures the capacity of states to finance their expen-
ditures. Following Chaney, Copley, and Stone
(2002), we define this measure as the state tax
revenue per capita revenue as a percentage of the
median per capita income within the state. The

8. Many papers simply use partisan identifiers to cap-
ture the political environment within a state. However, these
measures ignore heterogeneity in the ideological position of
state governments that may be more relevant for explaining
variation in policy preferences across states. For example,
state governments in both North Carolina and Maryland were
controlled Democrats for most of the observation period in
this study. However, there are likely systematic differences
in the pension policies promoted by Democrats across these
states because the ideological center of gravity of the former
is slightly to the right of that of the latter. This variation is
ignored when we measure the political environment using a
dichotomous partisan control variable but not when we mea-
sure it using the ideology variable created by Berry et al.
(2010). Our results, however, are robust to either measure of
political environment.

second variable, ln(total revenue), measures the
log-transformed total tax revenue collected by the
state in a given year and is used to control volatil-
ity in each state’s tax receipts. The third variable,
revenue/expenditures, is a ratio of a state’s tax
revenue to its expenditures (multiplied by 100)
in a given year and is included to control for the
fiscal health of the state.

Summary Statistics. Table 1 provides the sum-
mary statistics of all of the variables included
in this analysis. Most importantly, the within-
subject standard deviations reported in the table
indicate that there is a moderate level of variation
in the dependent and key explanatory variables
with which to identify the relationships of inter-
est. As documented in Figure 1, the statistics in
the table confirm that a large majority of plans
used the entry age cost method over the obser-
vation period and that there is a moderate level
of variation in this outcome within plans over
time. The statistics also indicate that roughly half
of the sample spread unfunded liabilities over an
open amortization period. However, the within-
plan standard deviation in this measure indicates
that there was a moderate level of variation in this
measure as well. This is also clear from Figure 2.

Two interesting results emerge from the
descriptive statistics. The first is that annual
normal cost and amortization payments account
for roughly 2% of a state’s total expenditures for
each plan it sponsors, on average. Most states
(75%) sponsor two or more pension plans, which
means that these payments can act as a significant
budgetary constraint. The second is the existence
of a few large, outlying values for the variable
measuring the percent of the ARC payment made
by a state. Most outlying values for this measure
appear after the sponsoring state has consistently
made less than the full ARC payment for several
consecutive years. It is possible that, to make up
for this fact, the state then makes a very large
payment in a single year. The results are robust to
inclusion or exclusion of these outlying values.

V. RESULTS

A. Entry Age Cost Method

Table 2 displays the regression coefficients
from the fixed effects models used to analyze
the relationships between normal costs and the
use of the entry age cost method. We display the
coefficients from a sequence of nested models to
demonstrate the robustness of results to the model
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TABLE 2
Plan-level Fixed Effects Linear Probability Regression Models Analyzing the Relationship between

Normal Cost Payments and the Use of the Entry Age Cost Method, 2001–2014

Models

(1) (2) (3) (4) (5) (6)

Employer normal cost −.036 −.164* −.187** −.161** −.156** −3.777**

(.035) (.088) (.092) (.068) (.069) (1.168)
Employer normal cost x Employer normal cost .029* .032** .027** .024* .522**

(.015) (.015) (.011) (.012) (.248)
Employer normal cost x Age of active members .080**

(.025)
Employer normal cost x Employer normal cost x Age of active members −.011**

(.005)
Age of active members .032** −.001

(.015) (.016)
Amortization payment −.002 −.004 −.016 −.023

(.018) (.017) (.018) (.018)
Funded ratio −.001 −.001 −.001 −.001

(.002) (.002) (.002) (.002)
Percent of ARC paid −.000 −.000 −.000 −.000

(.000) (.000) (.000) (.000)
Equity share −.001 −.001 −.002 −.002

(.002) (.002) (.002) (.002)
Investment return (3 year) −.002 −.002 −.001 −.001

(.002) (.002) (.002) (.002)
Ln(plan assets) .180 .139 .112 .148

(.134) (.114) (.146) (.144)
Ln(payroll) .256 .200 .136 .141

(.243) (.192) (.259) (.241)
Ln(active members) −.385 −.281 −.135 −.224

(.253) (.194) (.253) (.241)
Plan maturity .053* .039 .036 .037

(.027) (.026) (.034) (.031)
State GDP per capita .004 .004 .004

(.004) (.004) (.004)
State unemployment rate −.000 −.001 −.002

(.007) (.006) (.007)
Percent unionized .003 .007 .007

(.009) (.010) (.010)
Nominate score −.000 −.000 −.000

(.000) (.000) (.000)
Tax capacity .022** .020** .019**

(.009) (.009) (.008)
Ln(total revenue) −.381** −.402** −.425**

(.172) (.189) (.174)
Revenue/expenditures .246 .314 .327

(.169) (.209) (.202)
Year fixed effects (omitted= 2002)
2003 −.025 −.025 −.051** −.005 −.000 −.008

(.016) (.016) (.024) (.029) (.029) (.028)
2004 .004 .001 −.041 .022 .036 .024

(.005) (.005) (.032) (.032) (.034) (.030)
2005 −.001 −.005 −.047 .012 .019 .003

(.004) (.005) (.040) (.035) (.043) (.040)
2006 .010 .004 −.043 .063 .072 .049

(.021) (.020) (.040) (.054) (.066) (.062)
2007 −.002 −.010 −.079 .067 .070 .040

(.024) (.022) (.057) (.065) (.078) (.076)
2008 −.007 −.017 −.111 .068 .073 .045

(.023) (.021) (.073) (.077) (.097) (.094)
2009 −.010 −.022 −.155* .107 .118 .089

(.024) (.021) (.092) (.098) (.116) (.111)
2010 −.009 −.023 −.177* .113 .139 .106

(.023) (.020) (.103) (.117) (.123) (.115)
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TABLE 2
Continued

Models

(1) (2) (3) (4) (5) (6)

2011 .020 .003 −.156 .112 .138 .112
(.016) (.011) (.113) (.120) (.141) (.129)

2012 .018 −.004 −.148 .100 .111 .083
(.016) (.010) (.115) (.111) (.137) (.127)

2013 .036 .017 −.115 .174 .177 .137
(.022) (.019) (.121) (.119) (.137) (.130)

2014 .087** .062** −.075 .198* .168 .131
(.030) (.026) (.126) (.113) (.136) (.130)

Constant .885*** .969*** −1.295 4.548* 3.196 5.493**

(.033) (.058) (1.812) (2.303) (2.647) (2.546)
Na 1135 1135 1135 1135 910 910

Notes: Robust standard errors clustered by plan are reported in parenthesis below each coefficient. Each of the fixed effects
regression models was estimated using lagged explanatory variables. All of the plan-level variables come from the Public Plans
Database (2016) and the state-level variables come from the Bureau of Labor Statistics (2016), Bureau of Economic Analysis
(2016), the Census Bureau (2016), and the Tax Policy Center (2016). All dollar amounts are expressed in constant 2009 dollars.

aThe sample size falls from n= 103 to n= 83 once we control for the average age of the active members in each plan due to
missing values for this measure.

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

specification. The results in the table provide
compelling empirical support for Hypotheses 1a
and 1b. According to the results in column 1,
required normal cost contributions, measured as
a share of total state expenditures, are not lin-
early associated with the likelihood that plan
administrators use an entry age cost method.
However, the quadratic term in the models in
Columns 2 through 5 indicate that the two are
nonlinearly related. Taken together, the linear
and quadratic term indicate that the likelihood
that a state employs an entry age credit method
declines at a decreasing rate as the plan’s nor-
mal costs continue to increase. These terms are
individually and jointly statistically significant
across the models with the full set of control
variables.

To more meaningfully assess the direction and
curvature of this relationship, we evaluate how
the magnitude and statistical significance of aver-
age marginal effect (AME) of normal costs on
the likelihood of using an entry age cost method
varies over the range of relevant normal cost
expenses in our sample. The AME coefficients
in Table 3 represent the average change in the
probability that a plan employs an entry age
cost method for a discrete 0.1 percentage point
change in the share of state expenditures devoted
to normal cost contributions. We estimated the
AMEs in this table using Model 5 in Table 2,
but the results are robust to other models in the

table.9 The AME estimates indicate that when
the median plan’s normal costs increase from
0.67% to 0.77% of the state’s total expenditures,
the likelihood that the plan uses an entry age
cost method declines by 1.3 percentage points
(p< .05). This change is equivalent to moving
from the 50th percentile to 58th percentile in
normal costs and a 1.5% reduction in the mean
likelihood of this outcome. As indicated by the
coefficients on the linear and quadratic terms,
the magnitude of this change declines as normal
costs rise. Among the most expensive plans in the
sample—those in the 95th percentile of normal
costs—this relationship is no longer significantly
different from zero. The decline in the predicted
probability that administrators use the entry age
method as normal costs increase indicates that
normal costs are relevant for understanding cost
method decisions of the administrators of all
but the most expensive plans. It appears that
plan administrators opportunistically avoid using
the more conservative, more expensive entry age
method when their normal costs are already
high. At the same time, however, the decelera-
tion of this decline suggests that normal costs
become increasingly less relevant to this decision
as the plan they administer becomes more and
more expensive.

If plan administrators are opportunistically
choosing to use or not use the entry age method

9. Results available upon request.



DIEBOLD, REITANO & MCDONALD: STRATEGIC PENSION POLICIES 15

TABLE 3
Average Marginal Effects of Normal Costs on the Likelihood of Using the Entry Age Cost Method

Normal Cost as a Share of State Expenditures

0.12% 0.20% 0.33% 0.67% 1.22% 1.86% 2.30%

−0.015** −0.015** −0.014** −0.013** −0.010** −0.007** −0.005
(0.006) (0.006) (0.006) (0.005) (0.004) (0.003) (0.003)

Percentile 5 10 25 50 75 90 95

Notes: Robust standard errors clustered by plan are reported in parenthesis below each coefficient. The AME coefficients in
this table measure the effect of a discrete, one-tenth of a percentage point change in the normal cost amount, measured as a share
of the state’s expenditures. The estimates were generated from Model 5 in Table 2 but are robust to derivation from the other
models in the table.

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

FIGURE 3
Predicted Probability of Using an Entry Cost Method by Normal Cost Amount as a Percent of Total

State Expenditures

Notes: The figure presents the predicted probability that a plan uses an entry age cost method as a function of the payments
required from the state to cover the plan’s normal costs, expressed as a percent of the state’s total expenditures. These estimates
were derived from Model 5 in Table 2.

in order to reduce the normal cost contributions
of the state, then we would expect to find that
this behavior is moderated by the age compo-
sition of the active members of the plan. The
younger the active membership of a plan is, the
more costly the entry age method will be in the
short run. Thus, a rise in the normal costs of a
plan should reduce the likelihood that the admin-
istrators of that plan use an entry age cost method
to the greatest extent when the active members
of their plan tend to be younger. To test this pos-
sibility, we interacted normal costs contributions
with our measure of the average age of active

plan members. Column 5 reports the results from
these analyses which strongly support the expec-
tation that younger plans with higher normal
costs are, as expected, less likely to use the
entry age approach. While rising normal costs
are associated with lower likelihoods at all ages,
the combination of interaction terms indicate that
the rate of this decline is most rapid among
younger plans. Once again, however, the rate of
the observed decline falls as normal costs con-
tinue to increase across all plans. These patterns
are clear in Figure 3, which plots the predicted
probabilities of the use of the entry age method
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FIGURE 4
Predicted Probability of Adopting an Entry Cost Method in a Given Year by Normal Cost Amount as

a Percent of Total State Expenditures and the Average Age of the Active Workers Covered by the Plan

Notes: The figure presents the predicted probability that a plan uses an entry age cost method as a function of the payments
required from the state to cover the plan’s normal costs, expressed as a percent of the state’s total expenditures, and the average
age of active plan members measured in years. These estimates were derived from Model 6 in Table 2.

TABLE 4
Marginal Effects of Normal Costs on the Likelihood of Using an Entry Age Cost Method by the Age

of Active Plan Members

Normal Cost as a Share of State Expenditures

0.12% 0.20% 0.33% 0.67% 1.22% 1.86% 2.30%

Age= 42 −0.038*** −0.037*** −0.035*** −0.032*** −0.025*** −0.018*** −0.013**

(0.012) (0.012) (0.011) (0.010) (0.007) (0.006) (0.005)
Age= 44 −0.023*** −0.022*** −0.021*** −0.019*** −0.015*** −0.010*** −0.007***

(0.008) (0.008) (0.007) (0.006) (0.005) (0.003) (0.002)
Age= 46 −0.007 −0.007 −0.007 −0.006 −0.004 −0.003 −0.002

(0.005) (0.005) (0.005) (0.004) (0.004) (0.004) (0.004)
Percentile 5 10 25 50 75 90 95

Notes: Robust standard errors clustered by plan are reported in parenthesis below each coefficient. The AME coefficients in
this table measure the effect of a discrete, one-tenth of a percentage point change in the normal cost amount, measured as a share
of the state’s expenditures. The estimates were generated from Model 6 in Table 2.

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

over the ranges of both normal cost measures cor-
responding to each age category (Figure 4).

In order to ease interpretation of the coeffi-
cients on the interacted terms in column 5, we
once again calculated the AME marginal effects
of normal costs at relevant values of this measure
and at representative average ages of the workers
covered by plans in the sample. The results are
displayed in Table 4. The distribution of marginal
effects shows that normal costs are associated
with a decrease in the likelihood that plans use

the entry age method, but only for plans with
younger active members. For example, a 0.1 per-
centage point increase in normal costs as a share
of state expenditures is associated with, approxi-
mately, a 3.2 percentage point (p< .01) decrease
in the likelihood that a plan employs the entry age
method when that plan’s normal costs account
for 0.67% of the state’s total expenditures and
whose average active member is 42 years old.
Moving down the column displaying the AMEs
of the median plan, it is clear that magnitude
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of this marginal effect falls as the average age
of the active membership of plan increases. The
same increase in normal costs is associated with
a 1.9 (p< .01) and 0.6 (p> .10) percentage point
decrease in the likelihood that a plan employs
the entry age method when the average age of
that plan’s active member is 45 and 48 years old,
respectively. All of these results are consistent
with the expectation outlined in Hypothesis 1B
that the choice of the plan’s cost method is a func-
tion of both the normal costs of the plan and the
age of its active membership. As expected, the
effect of normal costs on the likelihood of using
the entry age method is most pronounced among
more expensive plans with younger active mem-
bers because, for these plans, the costs of doing
so are highest.

B. Open Amortization

The results in Table 5 provide strong sup-
port for the expectation that plans with higher
amortization payments are more likely to adopt
an open amortization period. According to the
coefficients in columns 1 through 5, the proba-
bility that a plan employs an open amortization
period increases as the plan’s amortization pay-
ments increase. The results in column 5 indicate
that this relationship is robust to the inclusion of
measures of the short- and long-term historical
funding effort from the state, which are highly
collinear with the state’s amortization expenses.
The results in column 6 indicate that this rela-
tionship is also robust to the inclusion of the
variable measuring the age of the active mem-
bership of each plan, which reduces the estima-
tion sample from n= 103 to n= 80. According
to these results in column 6, a 0.10 percentage
point increase in the amortization payment as a
share of state expenditures is associated with an
increase in the likelihood that a plan employs
an open amortization period by 0.92 percentage
points (p< .05). This increase in the amortiza-
tion payment would move the median plan to the
53rd percentile and increases the likelihood that
a plan uses an open amortization period by 1.8%.
The results suggest that plan administrators are
opportunistically using open amortization to help
reduce their amortization payments when their
unfunded liabilities increase.

VI. CONCLUSION AND DISCUSSION

This study decomposes the elements of the
ARC payment into the normal cost and the

amortization payment to examine whether plan
administrators opportunistically employ methods
that are specifically tailored to the constraints
these costs create. Taken together, the results
from the analyses of the cost and amortization
methods are sensitive to changes in the dimension
of the plans each regulates. When normal costs
rise, perhaps due to a legislated increase in ben-
efit levels, the plan is less likely to use the entry
age method to calculate the amount the state must
contribute to fully fund future benefits. We argue
that administrators of these plans do not use the
more conservative entry age credit cost method
in order to reduce or keep to a minimum the nor-
mal costs required from the state, to understate
the plan’s liabilities, and to overstate the state’s
current funding effort and funding status despite
the fact that this cost method is more likely to
result in more secure, fully funded pension obli-
gations. As expected, strategic avoidance of the
entry age methods is most pronounced among
administrators of plans that cover younger work-
ers for whom the short-term budgetary benefits
of using the unit credit, as opposed to the entry
age method, are the largest. By doing so, plan
administrators avoid shifting a larger share of the
contributions required to cover future benefits to
the current budget cycle.

Likewise, when a plan’s unfunded liabilities
increase, plan administrators become less likely
to use a closed amortization period and more
likely to use an open amortization period. Open
amortization allows the state to continuously
reset the amortization schedule for the plan’s
unfunded liabilities to the maximum number
of periods possible, which reduces the required
amortization payment from the state in the short
run, improves the appearance of the state’s
funding effort, and, ultimately, reduces the likeli-
hood that the obligations will ever become fully
funded. Once again, we argue that plan admin-
istrators use the open amortization schedule to
strategically reduce the short-term budgetary
constraints generated by the pension system by
shifting the payments for any unfunded liabilities
on to future workers and future taxpayers.

Both of these findings are consistent with
other related studies that also show that states
strategically adapt their valuation methods to
understate their plan’s liability or to reduce the
fiscal stress the pension contributions generates
for the state (Eaton and Nofsinger 2004; Hess
2005; Stalebrink 2014; Vermeer, Styles, and Pat-
ton 2010). Pension expenses compete directly
with the other spending priorities of a state. When
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TABLE 5
Plan-level Fixed Effects Linear Probability Regression Models Analyzing the Relationship between

Amortization Payments and the Use of Open Amortization Periods, 2001–2014

Models

(1) (2) (3) (4) (5) (6)

Amortization payment .093** .118** .105** .104** .110** .092**

(.035) (.059) (.037) (.038) (.040) (.043)
Amortization payment×Amortization payment −.006

(.009)
Age of active members .031

(.030)
Funded ratio .002 .006

(.004) (.004)
Percent of ARC paid −.000** −.000**

(.000) (.000)
Employer normal cost .057 .056 .061 .100*

(.038) (.041) (.042) (.051)
Equity share −.003 −.003 −.003 −.004*

(.002) (.002) (.002) (.002)
Investment return (3 year) .005 .004 .004 .001

(.005) (.005) (.005) (.006)
Ln(plan assets) −.092 −.055 −.117 −.254

(.151) (.158) (.205) (.242)
Ln(payroll) −.122 −.158 −.150 −.091

(.349) (.433) (.420) (.524)
Ln(active members) −.037 −.073 −.060 −.043

(.268) (.308) (.302) (.419)
Plan maturity .169** .183** .168* .127

(.074) (.078) (.086) (.088)
State GDP per capita −.001 −.000 .002

(.012) (.012) (.012)
State unemployment rate .012 .013 .001

(.019) (.018) (.020)
Percent unionized −.012 −.011 .002

(.013) (.013) (.013)
Nominate score −.001 −.001 −.001

(.001) (.001) (.001)
Tax capacity −.003 −.002 −.009

(.013) (.012) (.011)
Ln(total revenue) .358 .370 .098

(.270) (.268) (.274)
Revenue/expenditures −.582 −.613 −.182

(.395) (.387) (.355)
Year fixed effects (omitted= 2002)
2003 .017 .016 .068 −.017 −.007 .084

(.036) (.036) (.041) (.058) (.063) (.066)
2004 .024 .020 .099** .004 .014 .145

(.034) (.035) (.049) (.079) (.090) (.088)
2005 .008 .004 .089* .026 .044 .222**

(.039) (.041) (.053) (.090) (.112) (.102)
2006 .090* .083 .173** .077 .101 .295**

(.051) (.051) (.073) (.113) (.142) (.139)
2007 .042 .035 .144* .025 .055 .263*

(.056) (.056) (.080) (.130) (.161) (.155)
2008 .046 .039 .172* .049 .083 .305

(.053) (.053) (.095) (.151) (.180) (.189)
2009 .040 .033 .204* −.036 −.003 .268

(.054) (.055) (.106) (.197) (.225) (.235)
2010 .012 .003 .220* −.126 −.097 .223

(.055) (.056) (.120) (.244) (.271) (.282)
2011 −.037 −.046 .191 −.110 −.080 .253

(.060) (.061) (.122) (.264) (.298) (.312)
2012 −.052 −.063 .164 −.101 −.066 .277

(.061) (.062) (.116) (.250) (.287) (.298)
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TABLE 5
Continued

Models

(1) (2) (3) (4) (5) (6)

2013 −.146** −.156** .052 −.249 −.212 .146
(.065) (.066) (.118) (.248) (.284) (.294)

2014 −.184** −.195** .032 −.222 −.182 .136
(.067) (.068) (.127) (.233) (.270) (.282)

Constant .441*** .436*** 3.738 −1.110 −.663 2.723
(.046) (.049) (2.374) (4.739) (5.019) (5.379)

Na 1132 1132 1132 1132 1132 878

Notes: Robust standard errors clustered by plan are reported in parenthesis below each coefficient. Each of the fixed effects
regression models was estimated using lagged explanatory variables. All of the plan-level variables come from the Public Plans
Database (2016) and the state-level variables come from the Bureau of Labor Statistics (2016), Bureau of Economic Analysis
(2016), the Census Bureau (2016), and the Tax Policy Center (2016). All dollar amounts are expressed in constant 2009 dollars.

aThe sample size falls once we control for the average age of the active members in each plan due to missing values for this
measure.

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

the plan’s circumstances generate more fiscal
stress, the plan administrators appear to act in
the short-term interests of the state to reduce the
financial commitment a state’s pension obliga-
tions require rather than in the long-term financial
interests of the employees to have fully funded
pension benefits. We have contextualized these
findings within the public choice framework,
which predicts that such shortsighted behav-
iors will emerge among public officials—in this
case plan administrators, many of whom are
political appointees—when they combine clear
and immediate benefits with difficult-to-identify
costs of low salience.

These findings are of practical importance
because they have negative implications for
the security of promised pension benefits and
the financial security of public sector workers
in retirement. The adoption of less rigorous
accounting methods and actuarial assumptions
allows plan administrators to understate the true
cost of the state’s pension system, which can
perpetuate unsustainable benefit levels and lead
to imprudent benefit expansions that may, in
turn, necessitate future benefit reductions. More
importantly, modification of these parameters
can only defer a state’s pension costs and paper
over its low funding discipline in the short run.
Over time, the payments necessary to cover these
obligations will balloon. Unless state contribu-
tions keep pace, the funding risk of the pension
promises will quickly manifest itself through
rapid declines in the plan’s funded status and
funding effort. The empirical evidence suggests
that states will likely respond to these changes by

reducing the generosity of their pension system
or by further reducing their future funding effort
(Mitchell and Smith 1994; Thom 2017). In the
past decade, almost all states have reformed
their pension systems to reduce either, or both,
the benefits paid to current retirees and those
promised to future retirees. Some of the most
common reforms have included a reduction in,
or elimination of, cost-of-living adjustments,
modifications to the retirement benefit formula,
increases in vesting requirements, and increases
in the retirement age. As a result, many pub-
lic workers can expect to receive less pension
income in retirement and expect inflation to more
rapidly erode what remains.

Such reforms would be particularly unfortu-
nate for the public employees who have will-
ingly accepted both lower wages from the state
than they could potentially earn in the private
sector and lower wage growth in exchange for
the promise of higher income in retirement. By
reducing the value of pension benefits, states also
reduce the magnitude of the compensating dif-
ferential for these workers and, thereby, consign
them to a lower standard of living both through-
out their working lives and in retirement. Perhaps
more significantly, if these costs compel states
to replace their defined benefit pension system
with a defined contribution plan, then the affected
public workers states will no longer be able to
rely on the income floor provided by a fixed pay-
ment in retirement. This particular change repre-
sents a massive shift in the financial, investment,
and longevity risks of retirement from the state
to the employee (Munnell and Sunden 2004). If
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plan administrators are prevented from shifting
the costs of their pension system to future tax-
payers by simply adopting a less credible cost
method and amortization period, then it may be
possible to avoid these outcomes. Under these
constraints, states may be less likely to allow their
pension benefits to grow beyond their willing-
ness or capacity to pay for them. Public work-
ers may also have been more reluctant to accept
lower wages in exchange for untenable pension
benefit expansions or they have been willing to
increase their own contribution rates to ensure
the solvency and structure of their existing pen-
sion benefits.

However, it should be noted that, in general,
better cost and amortization methods are becom-
ing more prevalent. Nearly all plans now use
an entry age cost method to calculate their nor-
mal costs payments. Also, the share of plans that
amortize their unfunded liabilities over an open
period has declined, although more than a third of
all plans continue to use this method despite the
unequivocal endorsement of the closed and fixed
period approaches by GASB. Going forward,
however, there are circumstances under which
administrators will have a large fiscal incentive to
transition back to the unit credit and open amor-
tization methods. For example, as baby boomers
retire and the pool of active members enrolled
in state pension systems is comprised of rela-
tively younger workers, the costs of the entry age
method to the state will continue to rise. Simi-
larly, a recession or even a period of stagnant or
declining asset prices will further increase the fis-
cal incentive to use an open amortization period.
In these instances, our results may be useful for
predicting which plans will be more likely to tran-
sition to these less prudent practices.

There are several limitations of this study
worthy of note. First, fixed effects methods
cannot control for the biasing effect of omitted
time-varying variables that are systematically
correlated with the outcomes and explanatory
variables of interest. Second, the adoption of new
cost and amortization methods by plan admin-
istrators is infrequent. This results in modest
within-variation available in the dependent vari-
ables with which to efficiently estimate all of the
relevant relationships. This results in a decrease
in statistical power and an increase in the poten-
tial of type II errors. Third, the estimation sample
does not represent the entire universe of pen-
sion systems. While our estimation samples
comprised of plans that cover a vast majority of
public workers, they are limited to those pension

systems that provide the most detail about their
cost and amortization methods in their CAFR
and AV statements, which may have affected our
results. If, for example, states that do not clearly
report their methods are more likely to sponsor
plans with less rigorous methods and higher
costs, then our results likely understate the mag-
nitude of the associations presented here. Our
results are further limited to the understanding of
pension systems administered by the state and,
therefore, are not relevant to understanding sim-
ilar relationships for locally administered plans.

In closing, the results presented here suggest
that manipulative pension accounting practices
extend beyond the state’s expected rate of return
to include other parameters whose effect on the
required contribution amount is more subtle, but
nevertheless important. The apparent willing-
ness of plan administrators to adjust the specific
parameters to paper over the source of their plan’s
funding problem suggest the need to reevaluate
the loose regulatory environment in which these
actors operate. Their actions obscure the true cost
of these benefits to taxpayers and compromise
security of the public defined benefit system that
provides them to workers.
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