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Abstract

As a result of the two severe stock market declines since 2000, there has been a steady
debate about the affordability of state and local public pension benefits. We measured the
affordability of pension benefits in terms of governments’ ability to make the required
contributions based on existing tax and revenue bases. We conducted a historical analysis of
government pension contributions at national and state level over a 20-year period 1992–
2011 and found that the real pension burdens have increased over this period. We also found
substantial variation in pension burdens among the 50 states. The results of our empirical
analysis showed that employee contribution share, investment return, size of the public
workforce, and pension benefit level had significant effects on pension burdens. Based on
these findings, we proposed several strategies for reducing pension burdens, including
increasing employee pension contribution, reducing size of workforce, and improving
pension investment performance.

JEL CODES: H75, H71

Keywords: Public pension plans, pension burden, pension contribution, affordability.

1 Introduction

The affordability of state and local public employee defined pension benefits in the
USA has been debated since the stock market decline in 2000. The debate became
more heated following the 2008 financial crisis and the Great Recession. Media
reports, government and academic studies, and surveys have shown that the financial
health of public pension plans has deteriorated. In a series of reports covering all 50
states in the USA, the Pew Research Center documented the progression of the un-
funded pension liability, which is the difference between pension benefits promised
by governments and the assets available to pay those benefits. From 2008 to 2010,
the national unfunded liability grew from US$450 billion to 757 billion (Pew
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Research Center, 2010, 2012). By the end of fiscal year 2013, the funding gap was
close to US$1 trillion (National Association of State Retirement Administrators,
2013), and state governments had about 74% of the funds needed to finance promised
pension benefits. Illinois has been frequently singled out as having the largest unfund-
ed pension liability, which is currently about US$100 billion.
Pension plans at the local level show similar funding shortages. In a study of 61

large cities in the USA, the Pew Research Center (2013) reported a funding shortage
of US$99 billion out of the US$385 billion needed for pension benefits, which repre-
sents a funded ratio (amount available vs. amount needed) of 74%. In a large sample
of 128 local pension plans in 43 states, Munnell et al. (2013) found that the average
funded ratio in 2011 was 72%.
The fiscal threat of growing unfunded pension liabilities at state and local levels

goes beyond the economics of the pension plans themselves. State and local govern-
ments are obliged to pay pension benefits in full when due, regardless of funding
levels; therefore, the money must be found somewhere.1 Barring a sustained outsize
performance in the financial market, the money for pensions will eventually be
drawn from the same tax and revenue base that is relied upon to pay for critical gov-
ernment services, such as education, public safety, health care, and transportation.
Accordingly, the increasing cost of pension benefits is tied to broader state and
local government finances and has a negative effect on vital public services.
To understand whether public pension benefits crowd out other government services,

the burden of public pension benefits needs to be known. We defined pension burden as
the annual government pension contributions that must be paid relative to the ability to
pay, or the percentage of total state and local government tax and revenue bases. We
posed three related research questions: (1) historically, how burdensome are public pen-
sion benefits overall? (2) how much variation in pension burden exists among the 50 US
states? and (3) what are the main factors behind this variation? For the first question, a
historical analysis of national aggregate data provided a suitable perspective on the evo-
lution of pension burdens. We compared these historical trends to current pension bur-
dens to establish the relative level of pension burdens and to determine whether
concerns about the crowding out of other public services are warranted. To address
the second research question, national data was used as a benchmark against which
state variability in pension burdens was measured. For the third question, we explored
the factors behind the variations in pension benefit burdens to address the potential
problem of increasing pension burdens.
The findings of this study have important implications for taxpayers, beneficiaries

of government services, and state and local government employees. In most cases,
pension benefits are an important part of the compensation packages used to attract
and retain public sector employees.2 Ensuring adequate pension benefits is a long-

1 Even in the Chapter 9 municipal bankruptcy cases in Detroit, Stockton, and San Bernardino, the vast
majority of pension benefits continue to be paid.

2 Sometimes, sponsors of DB plans also accept some odd and not always productive labor supply incen-
tives for employees. A widely accepted view is that a DB plan might not be as effective as an equally
generous DC or cash balance plan in terms of attracting and retaining employees. For a more detailed
discussion on this point, see for example, Costrell and Podgursky (2009).
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term strategy for maintaining a quality public sector workforce, which is particularly
important in the context of the retiring baby boomer generation – many of these posi-
tions will soon need to be refilled. At the same time, the financing of pension benefits
competes for funding with other government services that benefit society. Ensuring
that public pension benefits are affordable in the long run and account for a reason-
able share of government tax and revenue bases is in the best interests of taxpayers
and those who benefit from public services.

2 Measuring the burden of pension benefits

While the unfunded pension liability is one way to measure the burden of public pen-
sions, it does not tell the whole story. An absolute increase in the unfunded pension
liability by itself may not necessarily raise alarm. What is more important is the ability
to service pension liabilities, including the unfunded liabilities. This is very similar to
paying off state and local government debt. The total outstanding debt of state and
local government has increased steadily over time to US$3.67 trillion in 2013
(Securities Industry and Financial Markets Association, 2014), and unfunded pension
liabilities may be considered another form of government debt. Credit rating agencies
determine the affordability of state and local government debt by examining the abil-
ity of governments to service their debt, or the percentage of tax and revenue bases
accounted for by debt service payments. Similarly, we examined the ability of state
and local governments to service pension liabilities, including unfunded amounts,
by expressing pension financing cost as a percentage of the tax and revenue bases.
To understand the cost of financing pension benefits, we need to briefly discuss the

determinants of pension liabilities and pension contribution. State and local public
pension benefits are almost always funded in advance of an employee’s retirement.
In advance funding, at the time of employment, the present value of an employee’s
all future pension benefits based on a benefit formula in retirement is calculated
using a set of demographic and economic assumptions, such as wage growth, retire-
ment age, mortality, inflation and investment return. As all future pension benefits are
discounted to present value, the choice of discount rate is of critical importance as the
benefits are discounted over such a long period of time. For state and local public pen-
sion plans, the choice of the discount rate is the assumed long-term rate of return on
pension asset investment, which is now somewhere between 7.5% and 8% for most
public pension plans.3 Through the same actuarial valuation process, the amount

3 In recent years, especially since the stock market downturn of 2000, there has been a debate on the choice
of discount rate. On the one hand, there is the argument that as defined pension benefits are guaranteed,
the discount rate should be the risk-free interest rate. Since the long-term rate of return is much higher
than the risk-free interest rate that makes the present value of pension liability much smaller than it is. On
the other hand, there is the argument that since public pension plans exist in perpetuity and the invest-
ment horizon is infinite, it is appropriate to use the long-term rate of return as the discount rate. In its
revised accounting standards for public pension plans, the Governmental Accounting Standards Board
took a middle road. It stipulates that a part of the pension liabilities that are covered by assets can be
discounted at the long-term rate of return, and the part that is not covered will be discounted at the pre-
mium municipal bond yield, which is slightly higher than the risk-free interest rate. The discussion of the
merit of different discount rates is beyond the scope of this study. Since we are primarily interested in the
factors that can explain the variations in pension burden among states, a reduction in the discount rate
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of periodic pension contribution over the working career of the employee will also be
determined, so that in combination with the investment income on these pension con-
tributions, sufficient assets will be accumulated to pay for the employee’s pension
benefit by the time he retires. This periodic pension contribution consists of two
parts: normal cost and amortization cost.
The normal cost is part of the overall pension contributions that pay for the pension

liabilities incurred when an employee provides certain amount of service. If normal
costs are paid each year in full and the assumptions underlying actuarial valuations
materialize as expected, then sufficient assets can be accumulated to pay for an
employee’s benefits. However, if the normal cost is not paid in full and/or if some
of the assumptions fail to materialize, an unfunded pension liability can occur. Of
these assumptions, the most important is the investment return assumption.
Investment earnings account for the majority of accumulated assets, so if the average
investment return does not meet expectations, an unfunded pension liability will
occur. This liability then needs to be amortized over the remaining working years
of an employee, and the annual amount is the amortization cost. In general, the nor-
mal cost is shared between the employers and employees and the amortization cost is
paid entirely by employers. There are exceptions to this general rule, such as the
Arizona State Retirement System, which splits the normal and amortization cost
evenly between employers and employees. The portion of the total cost borne by
the government employer is called the annual required contribution (ARC). While
government employers should pay the full amount of ARC each year, such payment
is subject to annual budget appropriation, and thus is at the discretion of the legisla-
tive bodies of state and local governments. With few exceptions, there is no real legal
mechanism forcing the government to pay the full ARC if it fails to do so. Even
though many governments pay the full amount in most years, many governments
still do not pay the full amount in some years.
Employer pension contributions come from government taxes and revenues; thus,

the true financial burden of pension benefits is best measured by the ratio of the ARC
to the tax and revenue bases, although ARC can be subject to change due to changes
in the actuarial assumptions. For these calculations, the ARCs of state and local gov-
ernments must be combined due to the two important characteristics of US public
pension plans. The first characteristic is the domination of the US public pension
world by about 200 state-level pension plans, out of over 3,000 state and local
plans. In 2011, these 200 state-level plans controlled 83 of the assets in all public pen-
sion plans and covered 90% of all state and local employees (U.S. Census Bureau,
2011a).4 As a result, most local government pension contributions go to state rather
than local pension plans. The second characteristic is the variation in the level of

for all public pension plans will increase the pension liabilities for all of them, without changing much the
relative differences among them.

4 In most states, local government employees are more likely to be covered by the state-level pension plans,
because most local governments do not have their separate pension plans. In such case, their pension
benefits are set by the state governments rather than the local governments who employ them, and
the pension assets belonging to these employees are also managed by the governing boards of state pen-
sion plans that cover them.
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domination by the state-level plans in each state. In some states, such as Hawaii, one
state pension plan covers all state and local employees, whereas in other states, such as
Pennsylvania and Florida, more local employees are covered by local pension plans.
For government tax and revenue bases, we chose state and local government own-

source revenues, as defined by the U.S. Census Bureau (2011b), which include all
general taxes, special taxes and user fees and exclude intergovernmental revenue
and utility charges. Compared to total state and local revenue, own-source revenue
is a preferred measure of revenue base because state and local governments typically
cannot draw on federal grants or utility revenues to pay their pension contribution.
Therefore, we constructed the ratio of total government pension contribution to own-
source revenue, which should be most appropriate for this study. Ideally, this ratio
should also be adjusted to reflect the changes in tax rates over the sample frame
and its effect on pension burden. In this study, however, we measure the pension bur-
den of not just 50 state governments, but also all the local governments within each
state. While it is possible to collect information on the tax base and rate changes
for each state government over time, it is not feasible to collect such information
on the 80,000 plus local governments over time. To deal with this problem, we con-
structed an alternative measurement of pension burden, which compares pension con-
tribution to a broader pre-tax economic base–each state’s gross state product (GSP).
The rationale is that ultimately, the GSP is each state’s tax base in the broadest sense.
Changes in GSP also mean changes in the tax base. While our historical and empirical
analysis of pension burden is primarily based on the own source revenue, we will also
bring in such analysis based on GSP as comparison whenever it is possible.

3 Historical trends

Our first research question asks: historically, how burdensome are public pension ben-
efits overall? The US Census Bureau conducts an annual survey of all state and local
pension plans and maintains a record of vital information on many aspects of public
pensions, including government and employee annual contributions for each state at
the local and state levels (U.S. Census Bureau, 2011a). This information was used as a
source of data on government pension contributions for the present study. In add-
ition, annual records of GSP are maintained by the Bureau of Economic Analysis
(BEA). Using these two sources of information, we measured the burden of pension
benefits for each state as the ratio of state and local government pension contributions
to both total own-source revenue and GSP.
Figure 1 shows government pension contributions and own-source revenues over a

20-year period, from 1992 to 2011, for all 50 US states combined. During that time,
the revenue base increased from US$793 billion to US$1.96 trillion5, and government
pension contributions increased from US$33 billion to US$96 billion. Figure 2 shows
pension contributions by government employers (solid line) and public employees

5 Total GSP for 50 states increased from US$6.54 trillion to US$15.5 trillion. We did not include GSP in
Figure 1 due to space limitations.
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(solid line with circular markers) as a percentage of government own-source revenues,
and also government pension contribution as a percentage of GSP (solid line with tri-
angular markers) for all 50 US states over the same period. Government contributions
remained at just over 4% of revenue until 1997, then followed a declining trend until
reaching a low of 3% in 2002, mostly as a result of booming stock markets in the
1990s. Government contributions then increased to 4.9% of own-source revenues in
2011, the highest level over this 20-year period. In comparison, the ratio of govern-
ment contribution to GSP showed a very similar pattern, except that its variation
over the period was noticeably narrower.
Nevertheless, the observed increase in government pension contributions as a per-

centage of tax and revenue bases does not tell the whole story, because in many years
over this period, especially in the second half of this period, the actual pension con-
tributions have been less than the required amounts. The US Census Bureau data
records actual rather than required government pension contributions. Thus, the
true burden of pension costs is best reflected by the percentage of required contribu-
tions relative to own-source revenues (dash line).6 To calculate required pension con-
tributions, we used data showing the weighted average percentage of ARC paid to
state-level pension plans for each state. This information is available from the Pew
Research Center, which has maintained records since 1997 (Pew Research Center,
2010, 2011, 2012, 2014). As an example, if the actual amount paid by a state is US
$100 and the percentage of ARC paid is 50, then the required contribution amount

Figure 1. Annual national government pension contributions (dark gray bars),
including state and local governments, relative to total own-source revenues (light
gray bars) from 1992 to 2011. Values above the bar are the precise amounts in
billions of dollars.

6 We did not report the ratio of required contributions to GSP here, because it is very similar to this ratio.
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for that year is US$200.7 As shown in Figure 2, the true pension burden has increased
in recent years beyond the burden based on actual government pension contributions.
For example, in 2011 the required pension contributions as a percentage of own-
source revenues approached 6%, which is approximately one percentage point higher
than the percentage of revenues accounted for by actual contributions. In dollar
terms, this difference equates to almost US$20 billion in unpaid contributions for
that year.
The increase in required contributions over recent years and the increasing gap be-

tween required and actual contributions have raised pension burdens for state and
local governments. Failure to pay the required contributions causes unfunded pension
liabilities to increase, which in turn raises amortization costs and places increasing
stress on government finances. The above analysis provides some initial evidences
that pension benefit costs have a negative impact on government services: since
2002, approximately 2% of government revenues have been redirected toward pension
costs and away from other government services. This situation is mitigated to some
extent only because governments often fail to pay the required pension contributions
in full. As shown in Figure 2, employee contributions as a share of own-source rev-
enues remained fairly stable over this 20-year period, at approximately 2%.

Figure 2. Twenty-year trends in national pension burden from 1992 to 2011. Dash
line=ARC-adjusted government contributions as a percentage of own-source
revenues; solid line= actual government contributions as a percentage of own-source
revenues; solid line with circular markers= employee contributions as a percentage of
own-source revenues; solid line with triangular markers = actual government
contributions as a percentage of GSP.

7 The Pew Research Center provides information on the percentage of ARC paid to the state-level pension
plans only; no national data on local plans are available. Therefore, our calculations reflect increases in
government contributions to state-level plans only. Since there is sufficient evidence that local govern-
ment contributions to local-level plans were also not fully paid over this same period (Munnell et al.,
2008a, b; Munnell et al. 2013), and because local government contributions to local-level plans account
for about 25% of total government contributions (U.S. Census, 2011a), our calculations likely underesti-
mate the amounts that should have been paid by state and local governments combined.
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Our historical analysis provides an understanding of public pension burdens at the na-
tional level, but it masks the considerable variation in pension burdens among the 50 indi-
vidual states. Figures 3 showsunadjustedhistorical trends for pensionburdens, or the actual
pension contributions as a percentage of own-source revenues, for each of 50 states from

Figure 3. Twenty-year trends in combined state and local government pension burdens, by
state, from 1992 to 2011. The bottom row consists of five states that experienced significant,
one-time spike in pension burdens during this period. In West Virginia, the spike was caused
by the merger of the teachers’ defined contribution retirement plan into the defined benefit
retirement plan in 2006. The other four states experienced a spike due to the one-time
issuance of large POBs, the proceeds of which were deposited into pension plans as
government contributions.
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1992 to 2011.8 As shown, pension burdens for some states, such as Missouri and South
Dakota, remained fairly constant over this period, whereas in other states, such as
California, the percentage of own-source revenues accounted for by actual contributions
fluctuated considerably. Table 1 lists the mean pension burdens for each state for this
20-year period. The average pension burden varied significantly from 1992 to 2011, from
a low of 1.7% in New Hampshire to a high of 7.5% in Nevada. These differences indicate
that factors other than financial market performance can affect pension burdens. In the
following sections, we explore the factors that contribute to these observed variations.

4 Literature review

The financing of pension benefits is affected by the growth of pension assets and pen-
sion liabilities, and the ratio of assets to liabilities is the pension funded ratio. Thus the

Table 1. Average Government Pension Burdens, 1992–2011, by State (in percentage)

State Mean SD Range State (cont.) Mean SD Range

Alabama 3.54 0.93 2.07–5.02 Montana 3.66 0.23 3.29–4.18
Alaska 2.89 0.79 1.57–4.45 Nebraska 2.08 0.42 1.01–2.87
Arizona 2.15 1.18 1.02–4.49 Nevada 7.49 1.13 5.20–11.19
Arkansas 3.91 0.72 1.81–4.93 New Hampshire 1.77 0.88 0.01–3.75
California 4.80 1.28 2.52–6.95 New Jersey 2.05 1.91 0.18–8.93
Colorado 3.57 0.75 2.67–4.81 New Mexico 4.62 0.38 4.09–5.56
Connecticut 4.56 2.12 2.84–12.60 New York 3.66 1.79 1.31–7.68
Delaware 2.57 0.57 0.81–3.20 North Carolina 2.10 0.87 0.78–3.22
Florida 4.54 1.52 2.64–6.74 North Dakota 1.84 0.20 1.55–2.13
Georgia 3.73 0.55 2.85–4.81 Ohio 6.16 0.92 4.39–7.38
Hawaii 4.26 1.59 0.38–5.99 Oklahoma 4.72 0.43 3.95–5.58
Idaho 4.04 0.42 3.51–4.86 Oregon 5.65 4.06 2.49–19.58
Illinois 5.94 3.29 3.79–17.34 Pennsylvania 2.78 1.35 0.74–5.12
Indiana 3.62 0.45 2.90–2–4.28 Rhode Island 4.99 1.53 1.25–8.02
Iowa 2.29 0.39 0.89–2.68 South Carolina 3.53 0.22 3.10–3.86
Kansas 2.36 0.97 1.39–5.47 South Dakota 2.44 0.14 2.17–2.65
Kentucky 4.30 1.01 2.76–7.24 Tennessee 3.09 0.55 2.27–4.15
Louisiana 5.61 0.87 3.07–7.33 Texas 3.12 0.19 2.89–3.64
Maine 4.99 0.83 3.97–6.86 Utah 4.12 0.36 3.58–4.81
Maryland 3.92 0.71 2.85–5.25 Vermont 1.99 0.30 1.38–2.57
Massachusetts 5.36 0.65 4.13–6.32 Virginia 4.23 0.49 3.25–5.04
Michigan 3.88 1.23 2.33–6.64 Washington 2.74 1.32 0.82–4.61
Minnesota 2.50 0.20 2.16–6.84 West Virginia 5.85 3.09 0.23–16.81
Mississippi 4.30 1.16 0.14–6.84 Wisconsin 3.69 1.07 1.87–5.01
Missouri 4.31 0.51 3.61–5.37 Wyoming 2.43 1.05 1.54–4.49

Note: States highlighted in gray have a SD greater than 1.

8 The US Census database for state and local finances provides only national revenue information for the
years 2001 and 2003, rather than information for individual states. To avoid gaps in the 20-year trend
data, we estimated the revenue for 2001 and 2003 as the average revenue of 2000 and 2002, and the aver-
age of 2002 and 2004, respectively, for each state.
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financing issues examined in past literature can generally fall into these two categories:
(1) those affecting pension asset value; and (2) those affecting pension liability.
As mentioned earlier, pension assets have two components: pension contributions

and investment earnings. For pension contributions, several researchers have studied
the relationship between pension contributions, fiscal condition and pension funding
level. For example, Marks et al. (1988) showed that state and local government spon-
sors under tight financial constraints and political pressure provide lower cash contribu-
tions to pension plans. Mitchell and Smith (1994) found that unionized employers are
less likely to fully fund future pension obligations, especially in the context of fiscal pres-
sures. Mitchell and Hsin (1997) found that pension systems are more likely to under-
fund their plans during times of fiscal stress. Chaney et al. (2002) found a negative
relationship between pension funding levels of state pension plans and fiscal stresses
and constitutional requirements to balance state budgets. Munnell et al. (2008a, b)
found that when governments paid the full amount of their pension contributions,
funded ratios increased by 6%, but fiscal stress caused governments to fall short on
their contributions. Munnell et al. (2008a, b) found that fiscal stress was a factor why
some government did not pay the full amount of pension contribution. Several studies
have also shown that under certain circumstances, governments and retirement systems
adopt optimistic actuarial assumptions that allow them to reduce their ARCs or to
increase pension funded ratios (Marks et al. 1988; Mitchell and Smith, 1994; Chaney
et al. 2002; Hess, 2005; Giertz and Papke, 2007; Vermeer et al. 2010; Stalebrink,
2014). Splinter (2011) also found that if the employee pays a smaller share of pension
contributions, then the employer has to pay a larger share. As for the second part of
pension assets, Wang and Peng (2014) found that investment return had a very signifi-
cant impact on change in funded ratio for pension plans between 2001 and 2009. A
higher average return over this period results in a smaller decrease in funded ratio.
In terms of pension liability, Johnson (1997) examined 102 state-level pension plans

from 1983 and 1988, and found positive relationship between underfunding, individ-
ual pension benefits, and taxpayer mobility. Chaney et al. (2002), and Coggburn and
Kearney (2010) examined the effect of employee density on pension funding level.
Employee density, measured by the percentage of the state population employed in
the public sector, is a proxy for the size of government. The authors found that higher
employee density is associated with an increase in pension benefits and pension
burden. Wang and Peng (2014) found that generous cost-of-living adjustments from
2001 to 2009 were associated with large decreases in pension funded ratios.
Political ideology and unionization have been mentioned as having a potential impact
on the pension benefit level. Coggburn and Kearney (2010) argued that as more lib-
eral states and states with more union membership are more likely to grant more gen-
erous pension benefits, there is a potential for more unfunded pension liability.
In summary, many factors that affect the growth of pension assets and liabilities

have been identified in the literature, including the percentage of ARC paid, the
actuarial assumptions, pension benefit generosity, and investment returns. Other im-
portant factors that have been mentioned in the literature include employee contribu-
tion share, public employee density, fiscal stress, political ideology, and union
membership.
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5 Variables and hypotheses

In this section, we developed statistical models to investigate factors that may contribute
to the variations in pension burdens among all 50 states, as observed in the ‘Historical
Trends’ section. As described above, we constructed two dependent variables using the
ratio of annual employer pension contributions to total own-source revenues and GSP
for each individual state in the USA for the period 1997–2011 (see Figures 1 and 2 and
Table 1 for detailed information on these two dependent variables).
With respect to the independent variables, the factors that affect pension burden

can generally fall into three categories based on the literature review: (1) pension
assets; (2) pension liabilities; and (3) other miscellaneous control factors. For pension
assets, we examined employee contributions and investment returns. Employee contri-
butions were expressed in relation to total pension contributions (employer and em-
ployee) for each state. We hypothesized that a negative relationship exists between
employee contributions and public pension burdens; in other words, as the share of
contributions paid by employee increases, pension burdens for government employers
decrease. Investment returns, which are a significant source of revenue for public pen-
sion funds, were calculated as the ratio of annual investment earnings in year t to total
pension assets at the end of year t−1. Since the vast majority of public pension plans
have a smoothing period of 3 years or longer (Standard and Poor’s, 2014), we
included investment returns lagged for 1, 2, and 3 years. Higher investment earnings
in previous years can offset the need for increasing or maintaining the current pension
contribution levels; thus, we hypothesized that increased investment returns are asso-
ciated with lower pension burdens.
In terms of factors related to pension liabilities, we selected six variables to capture

their impact on pension burdens. Typically, the more generous the pension benefits,
the higher the contributions. In our empirical model, we utilized three variables to
capture pension benefit generosity: employee wage growth, benefit multiplier, and
cost of living adjustment (COLA) provision. Employee wage growth is the annual
percentage change of state full-time employees’ average monthly salary9. It is directly
linked to government pension burden, because higher wage growth rate leads to
higher final salary and post-retirement pension benefits for employees. The second
proxy for pension liabilities, benefit multiplier, plays a key role in calculating normal
retirement benefit. A relatively small increase in the multiplier can mean a significant
increase in retirement benefits, as the increase applies to every year of credited service.
As a result, states with higher average benefit multiplier should have higher pension
burden. Thirdly, COLA adjustment is also a significant pension benefit, because an
average retiree is expected to live for many years after retirement. Over time, those
state governments that provide automatic or CPI-linked COLA will bear significant
higher pension burden than states with no COLA or less stringent forms of COLA

9 Since 1997, the Census Bureau changed the base reporting period for measuring employment and pay-
rolls from October to March, so all wage growth numbers used in this paper are based on state employ-
ees’ March salary. In addition, Census did not conduct Annual Survey of Public Employment and
Payroll for1996, so growth rates for 1997 were not available.
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(e.g. ad hoc, investment-based, and so forth). For these reasons, we hypothesized a
positive relationship between all three variables and pension burden.
The next liability variable examined in this study is Social Security coverage. Social

Security benefits constitute an important source of retiree income, but approximately
25% of state and local employees are not covered by social security (Nuschler et al.
2011), and this percentage varies from state to state. Lack of social security coverage
calls for higher pension benefits from the employer and thus larger contributions. The
effect is that instead of paying payroll taxes to the federal government, the govern-
ment has to pay more contributions to pension plans. We used a dummy variable
to capture Social Security coverage. States with more than 50% of the employees cov-
ered by Social Security are coded 1, and otherwise zero. Accordingly, we hypothesized
an inverse relationship between Social Security coverage and pension burdens.
The fifth variable in this category is state and local employee density, which is a

measure of government size and is expressed as the total number of state and local
public employees relative to the state population. We followed the literature and
hypothesized that high employee density is associated with heavier pension burdens
(Coggburn and Kearney, 2010). The final factor affecting pension liability is union
coverage. According to Mitchell and Smith (1994), unions may sometimes exert pres-
sure to improve public plan funding by urging government employers to increase con-
tribution, but they may also use their collective bargaining power to increase salaries,
to which employers respond by reducing pension contributions (p. 286). Therefore, we
hypothesized that union coverage has an uncertain relationship with government con-
tributions and pension burdens.10

As the literature suggests, one important control variable for pension burden is the
percentage of ARC paid, which is the percentage of required contributions that are
actually paid by governments. The inclusion of this variable is to control for the
fact that some states’ pension burdens were artificially lower only because they did
not pay the required contributions in full. We hypothesized an inverse relationship be-
tween the percentage of ARC paid and the pension burdens.
Other variables controlling for the effects of economic, political, and fiscal factors on

pension burdens were also included in our model. We used the growth rate of state per-
sonal income as a proxy for economic growth that increases the revenue base. Higher
growth rates lead to increased own-source revenue; thus, the relationship between in-
come growth rate and pension burden is expected to be negative. Political ideology
affects the design of pension benefits and pension contribution practices. Evidence in
the literature generally points to Democrats being more liberal than Republicans in
terms of spending; therefore, we expected higher pension burdens for states with a
Democratic governor due to more generous pension benefits provision. Fiscal stress
impacts pension contributions in several ways. For example, state and local revenues
may decrease, and governments may be forced to postpone or cut pension contribu-
tions. In this research, we used per capita deficit as a proxy for fiscal stress. It was

10 Mitchell and Smith (1994) hypothesized that the relationship between union coverage and contribution
per worker can be either positive or negative due to the reason explained here, and they found a negative
relationship. Since the data they used in their study were only for 1 year and very limited (42 observa-
tions), we chose to follow their original hypothesis instead of their empirical result.
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calculated by dividing the difference between total revenue and total expenditure by
state population, and the expected relationship between fiscal stress and pension bur-
dens was uncertain, because fiscal stress might affect both pension contribution and rev-
enue. In addition, some state and local governments issued pension obligation bonds
(POBs) during the sample period. Assuming these governments used all or a large
part of POB proceeds as pension contributions, in addition to their regular ARC pay-
ments, we need to include this variable to control for an artificial increase in pension
burden due to this one-time event. Finally, fiscal policies such as tax and expenditure
limitations (TELs) may affect the ability of governments to pay a higher percentage
of their ARCs because TELs are designed to restrain the growth of government expen-
ditures. Therefore, we expected TELs to be associated with lower pension burden.
Together, the variables described above provide a model to explain government

pension burdens, as shown in Model (I), where i = ith state and t= year. The signs
in the parentheses to the right of each variable indicate the expected relationship
(positive or negative) to the dependent variable. As a robustness check, we also con-
structed model (II) where the dependent variable is total government contributions as
percentage of GSP. Both models will be estimated in the next section and description
of each variable can be found in Table 2.

govratioit = f {emconratioit −( ), return 1it−1 −( ), return 2it−2 −( ), return 3it−3 −( ),
arcpaidit +( ),memberdenit +( ), unioncovit ?( ), incgrowthit −( ),
deficitpc000it +/−( )

, paygrowthit +( ),multiplierit +( ), colait +( ),
gov dummyit +( ), telit −( ), sscovit −( ), pobit +( )}

Model(I)
govratioGSPit = f {emconratioit −( ), return 1it−1 −( ), return 2it−2 −( ), return 3it−3 −( ),
arcpaidit +( ),memberdenit +( ), unioncovit ?( ), incgrowthit −( ),
deficitpc000it +/−( )

, paygrowthit +( ),multiplierit +( ), colait +( ),
gov dummyit +( ), telit −( ), sscovit −( ), pobit(+)}

Model(II)

6 Data and descriptive statistics

The data for this study came from various sources. Much of the information on vari-
ables related to state and local pension contributions, investment earnings, pension
assets, and own-source revenues was obtained from the U.S. Census Bureau
(2011a, b). Another important data source for this research is the Public Plans
Database (PPD) (2001–2013), which includes plan-level data for almost all state pen-
sion plans in the USA since 2001. From this dataset, we collected information on pen-
sion benefit multiplier and COLA from 2001 to 2012. And for the few years prior to
2001, we supplemented the dataset with information obtained from the biennial sur-
veys by the Wisconsin Retirement Research Committee. Other data regarding actual
contributions as a percentage of ARC, public employee density, union membership,
social security coverage, political affiliation of the governor, tax and expenditure
limits, and issuance of POBs were obtained from Pew Research Center (2010, 2011,
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2012, 2014); the U.S. Census Bureau (2011c); Hirsch and Macpherson (2003);
Waisanen (2010); Nuschler et al. (2011); Munnell et al. (2014) and National
Governors Association (2014). Table 2 lists the study variables, their abbreviations,
and the source of information for the data, and Table 3 provides descriptive statistics
for all study variables. While the historical analysis of all 50 states’ pension burden
was conducted over a 20-year period from 1992 to 2011, the empirical model was
tested on observations of 50 individual states over a 15-year period from 1997 to
2011. This is because information on one of the key-independent variables, percentage
of ARC paid, is available only after 1997.

7 Results

The dataset used in this research is essentially panel data, so panel methods were
best suited for the analysis. For comparison purposes, we first estimated a pooled

Table 2. Variable description and source

Variable Description Source

Govratio Government contribution as % of total
revenue from own source

Census; Authors’ Calculation

GovratioGSP Government contribution as % of GSP Census; Bureau of Economic
Analysis; Authors’Calculation

Emconratio Employee contribution as % of total
contribution

Census; Authors’ Calculation

Return_1 Investment return lagged one period Census; Authors’ Calculation
Return_2 Investment return lagged two periods Census; Authors’ Calculation
Return_3 Investment return lagged three periods Census; Authors’ Calculation
Arcpaid Percentage of pension ARC contributed Pew Research Center (2010,

2011, 2012, 2014)
Memberden Public employee density Census; Authors’ Calculation
Unioncov Percentage of union coverage Hirsch and Macpherson (2003)
incgrowth Annual personal income growth rate Bureau of Economic Analysis
Deficitpc000 Per capita deficit in thousand Census; Authors’ Calculation
Paygrowth Average salary increase for full-time public

employees
Census; Authors’ Calculation

Multiplier Average pension benefit multiplier Public Plans Database
Cola Cost of living adjustment: 1 = automatic or

CPI-linked; 0 = ad hoc, investment based or
none

Public Plans Database

Gov_dummy 1 = governor is Democratic; 0 = otherwise National Governors
Association (2014)

Tel 1 = tax and expenditure limits in place;
0 = none

Waisanen (2010)

Sscov 1 =majority of members covered by social
security; 0 = otherwise

Nuschler et al. (2011)

Pob 1 = POBs issuance over 1 billion;
0 = otherwise

Munnell et al. (2014)

Note: All monetary variables have been converted into 2008 constant dollar.
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cross-sectional model using the ordinary least squares (OLS) method. To control for
year fixed effect, we also included 11 yearly dummy variables with the year 1998 as
the base year.11 The results of a joint F test of yearly dummy variables were statistic-
ally significant (p = 0.0299), so the year dummies were retained in the OLS model.
Next, we conducted a Hausman test to determine whether a fixed-effect model was
significantly different from a random-effect model. The results indicated that the
null hypothesis should be rejected (p = 0.042) in favor of a fixed-effect model.
Additionally, social security coverage and POB issuance did not change over the sam-
ple period in any state, so these variables were omitted from the fixed-effect model.
Table 4 presents both the OLS and fixed-effect estimation results of Model (I) for a

sample of 594 observations on 50 states over a 15-year period from 1997 to 2011.12

The Breusch–Pagan test and the White test both indicated that heteroskedasticity
was present in both estimations (p < 0.001), so robust standard errors were used for
hypothesis testing. To compare the relative magnitude of each coefficient, we also
reported the standardized betas in the last column of Table 4. Overall, the OLS
model explained approximately 47% of the variations in pension burdens, while the
fixed-effect model explained approximately 41%. As indicated by the overall F test

Table 3. Descriptive statistics

Variablea Obs Mean SD Min Max

Govratio 650 3.783554 1.868012 0.1856537 19.58635
GovratioGSP 800 0.488273 0.2535568 0.0189978 2.819106
Emconratio 800 35.74525 16.11701 0.7377033 92.56778
Return_1 800 7.98395 10.9053 −29.8765 92.51492
Return_2 800 7.350654 10.54542 −29.8765 92.51492
Return_3 800 8.345401 23.49752 −29.8765 465.4311
Arcpaid 789 93.67215 27.89829 2.93 469.3
Memberden 800 6.120998 1.722719 2.73517 19.17328
Unioncov 800 37.863 17.34128 7.4 75.3
Incgrowth 800 2.512099 2.519714 −8.438405 18.61462
Deficitpc000 650 0.4112555 1.369176 −5.349769 8.985443
Paygrowth 750 3.108528 2.191047 −4.77814 14.7209
Multiplier 800 1.965604 0.34891 1 2.7
Cola 800 0.63875 0.4806633 0 1
Gov_dummy 800 0.42875 0.495207 0 1
Tel 800 0.58375 0.4932444 0 1
Sscov 800 0.84 0.3668354 0 1
Pob 800 0.2 0.4002502 0 1

a See Table 2 for description of these variables.

11 Data for 1997 was lost due to the creation of employees’ wage growth variable (no data on 1996 was
available from the US Census).

12 The final sample size was reduced from 750 to 594, because (1) no state and local finances data for 2001
and 2003 were available from the US Census; (2) data for the year 1997 were lost due to the creation of
employees’ wage growth variable (no data on 1996 was available from the US Census); and (3) there
were a few missing values in the average percent of ARC contributed variable.
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results (p < 0.01), all variables included in the two models were highly significant, and
the coefficients were not sensitive to change.
The fixed-effect results reported in Table 4 are generally consistent with our expec-

tations. In regard to pension assets, we found a significant negative relationship
between the employee contribution share and pension burden, such that a 1% increase
in the employee share of contributions would reduce government pension burdens by
about 0.08%. Investment returns that were lagged 1 and 2 years showed a significant
negative relationship to pension burden, meaning that higher investment returns from

Table 4. Estimation results of Model I (Dependent = government pension contributions
as percentage of total own-source revenue)

OLS Fixed-effect

β SE β SE β

Emconratio −0.0638*** (0.00589) −0.0765*** (0.0150) −0.648***
Return_1 −0.00823 (0.00864) −0.00844*** (0.00313) −0.048***
Return_2 −0.00852 (0.00813) −0.0195*** (0.00435) −0.120***
Return_3 −0.00288 (0.0116) −0.00395 (0.00399) −0.017
Arcpaid 0.0215*** (0.00548) 0.0222*** (0.00662) 0.285***
Memberden 0.0706** (0.0346) 0.149** (0.0639) 0.138**
Paygrowth 0.0202 (0.0279) −0.0142 (0.0131) −0.017
Multiplier 1.487*** (0.201) 2.655*** (0.397) 0.488***
Cola 0.0783 (0.159) 0.251*** (0.0877) 0.064***
Unioncov 0.0141*** (0.00397) 0.00643 (0.0129) 0.059
Incgrowth −0.122*** (0.0283) −0.0541*** (0.0171) −0.076***
Deficitpc000 −0.214*** (0.0727) 0.00939 (0.0380) 0.007
Gov_dummy 0.235* (0.125) 0.189 (0.119) 0.050
el −0.112 (0.130) −0.417 (0.269) −0.108
Sscov −0.673*** (0.224) (Omitted)
Pob 0.223 (0.223) (Omitted)
1999.year −0.421* (0.218)
2000.year −0.344 (0.230)
2002.year −1.231*** (0.306)
2004.year 0.127 (0.443)
2005.year −0.386 (0.263)
2006.year −0.219 (0.232)
2007.year −0.0911 (0.273)
2008.year −0.685*** (0.262)
2009.year −1.153*** (0.368)
2010.year −0.254 (0.410)
2011.year 0.478 (0.324)
_cons 1.374 (0.928) −1.547 (1.249)
N 594 594
Adj. R2 0.474 0.412

0.429
0.411

(Within)
(Between)
(Overall)

Note: Robust SEs were used for hypothesis testing; *p< 0.10, **p< 0.05, ***p< 0.01.
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financial markets were associated with reduced pension burden. However, investment
returns that were lagged 3 years showed no significant effect on pension burden, prob-
ably because the effect of earlier years’ returns gradually taper off as the impact of
return in the immediate past year becomes more dominant. The percentage of
ARC that is actually contributed by governments, as expected, was significant, indi-
cating that some states’ pension burdens were lower only because they did not pay the
full amount of ARC.
In regard to pension liability, the size of government, as measured by public em-

ployee density, showed a positive and significant relationship to pension burden
such that an increase in employee density of 1% is associated with an increase in pen-
sion burden of approximately 0.15%. Personal income growth rate showed a negative
and significant effect, such that a 1% increase in income growth rate is associated with
a 0.05% decrease in pension burden. The two variables measuring the generosity of
provided pension benefits, namely benefit multiplier and COLA provision, were
both significant and positively associated with pension burden. In particular, a 1% in-
crease in benefit multiplier will lead to 2.65% increase in pension burden; and state
plans with automatic or CPI-linked COLA provision will have a pension burden
that is 0.25% higher than state with no COLA or less rigorous forms of COLA.
Finally, standardized betas revealed that employee contribution share, investment re-
turn, percentage of ARC paid, public employee density and benefit multiplier were the
main factors contributing to the observed variations in pension burden across states in
our model. Other independent variables, including union coverage, tax and expend-
iture limits, wage growth, party affiliation of the governor, and fiscal stress, were
insignificant.
The pooled OLS model served as a base estimation, and the results were generally

comparable to those in the fixed-effect model in terms of significance and the direction
of relationship. No variable changed sign, but the coefficient of a few variables dif-
fered in significance level. In the OLS estimation, investment return was no longer
significant, while COLA provision and governor’s party affiliation turned significant.
We believe that these observed discrepancies were mainly due to the fact that the
pooled data did not take into account the existing differences between each individual
state government over the sample frame. The two unique variables in the OLS estima-
tion, social security coverage and year dummies offered some interesting stories. First,
when all state governments over the 14 years were pooled together, social security
showed an overall negative relationship with pension burden, as predicted. This
confirms that states with better social security coverage contributed less to their pen-
sion funds and vice versa. Additionally, compared to the base year 1998, pension con-
tribution ratio in the USA were significantly lower in 2002, 2008, and 2009. Not
surprisingly, these were the years following the two economic downturns in the 21st
century, revealing that state governments some times did cut pension contributions
to fight temporary budgetary problems when they were faced with fiscal difficulties.
To take account of changes in tax base, we also estimated Model (II) with the ratio

of government pension contribution over GSP as the dependent variable and the same
set of independent variables. We repeated all above estimation procedures and the
results are reported in Table 5. A quick comparison of Table 4 with Table 5 reveals
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that the estimation results for Model (II) are very similar to those of Model (I), con-
firming that our model is relatively successful in explaining the variations in pension
burden, whether it is measured against government general own-source revenue or
GSP. The only noticeable difference between Tables 4 and 5 is that COLA is no
longer significant in Model (II). This is probably because COLA has relatively
small impact on pension liabilities (as indicated by its standardized coefficient), and
our model failed to detect its effect when the dependent variable is constructed
using GSP and the variation becomes narrower (see Figure 2).

Table 5. Estimation results of Model II (Dependent = government pension contributions
as percentage of GSP)

OLS Fixed-effect

β SE β SE Beta

Emconratio −0.00831*** (0.000740) −0.0104*** (0.00208) −0.654***
Return_1 −0.000838 (0.00132) −0.000787** (0.000368) −0.033**
Return_2 −0.000573 (0.00111) −0.00232*** (0.000586) −0.106***
Return_3 −0.000281 (0.00151) −0.0000421 (0.000533) −0.001
Arcpaid 0.00342*** (0.00105) 0.00313** (0.00117) 0.300**
Memberden 0.0185*** (0.00450) 0.0208** (0.00891) 0.144**
Multiplier 0.189*** (0.0244) 0.409*** (0.0535) 0.559***
Cola 0.00695 (0.0210) 0.0252 (0.0223) 0.048
Gov_dummy 0.0244 (0.0176) 0.0250 (0.0172) 0.049
Unioncov 0.00299*** (0.000532) 0.000778 (0.00170) 0.053
Incgrowth −0.0190*** (0.00377) −0.0107*** (0.00272) −0.111***
Deficitpc000 0.000303 (0.00987) 0.00516 (0.00691) 0.028
Paygrowth 0.000949 (0.00368) −0.00250 (0.00164) −0.022
Tel −0.00885 (0.0174) −0.0445 (0.0444) −0.086
Sscov −0.0618** (0.0263) (Omitted)
Pob −0.00654 (0.0261) (Omitted)
1999.year −0.0642** (0.0303)
2000.year −0.0505 (0.0326)
2002.year −0.120*** (0.0448)
2004.year 0.0137 (0.0530)
2005.year −0.0429 (0.0384)
2006.year −0.0198 (0.0322)
2007.year 0.00362 (0.0409)
2008.year −0.0359 (0.0360)
2009.year −0.0431 (0.0539)
2010.year −0.00297 (0.0582)
2011.year 0.0892* (0.0473)
_cons −0.00910 (0.140) −0.340** (0.165)
N 594 594
Adj. R2 0.479 0.439

0.404
0.404

(Within)
(Between)
(Overall)

Note: Robust SEs were used for hypothesis testing; *p < 0.10, ** p < 0.05, ***p < 0.01.
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8 Conclusion and implications

The present study is the first to use large-scale up-to-date data covering an extended
period to study government pension burdens. While much of the attention on public
pension benefits has focused on pension plan funded ratios and unfunded pension li-
abilities, we chose a different approach to examine this important public finance issue.
We used a historical analysis of the financing costs of pension benefits, expressed as a
percentage of total government revenues and GSP, as a proxy for the financial burden
of public pension benefits. Our analysis revealed that the financing costs of public pen-
sions have increased significantly in recent years. This burden would have been even
higher if not for the fact that some governments failed to pay their required pension
contributions in full. Thus, the nationwide burden of pension benefits is increasing
and placing more pressure on government finances. By postponing required pension
contributions, the true cost of public pension benefits is masked, which increases
the pension burden and delays plans to reduce unfunded pension liabilities.
What strategies exist to decrease the burden of pension costs on government finances?

Since pension burdens vary significantly from state to state, we developed a statistical
model to explore the main factors that contribute to pension burdens. Pension burdens
may be reduced by increasing revenues, reducing liabilities, or a combination of both.
On the asset side, we looked at employee contributions and investment return.
Increasing employee contributions is the easiest and most direct approach. Our results
showed that even a small increase in employee contribution share has a significant
impact on pension burdens. The decrease in take-home pay for public employees will
be offset by the improved long-term sustainability and affordability of public pension
benefits in exchange for a relatively small increase in employee contributions.
Another strategy to reduce the pension burden is to improve investment perform-

ance. Our results showed that higher investment returns are associated with reduced
pension burdens. Average investment returns vary significantly among public pension
plans (Wang and Peng, 2014). While this is certainly not a call for blindly pursuing a
high-risk and high-return investment strategy, at least for those plans with very low
average long-term returns (of which there are quite a few) relative to their peers,
they need to reevaluate their investment and asset allocation strategies to determine
whether anything can be done to improve investment performance to at least the
national average.
Another important lesson on the asset side from this historical analysis of pension

burdens is the management of volatility in government pension contributions. Over
the 20-year period covered by this study, the pension burden decreased from 4% to
3% over the first 10 years and increased to 5% over the second 10 years, primarily
due to increases and decreases in investment earnings as a result of stock market per-
formance. Had state and local governments not substantially reduced their pension
contributions and, instead, maintained their contributions at a more consistent level
during strong economic periods, they would have been in a much better position to
deal with increasing pension costs later on. In the future, a more consistent funding
policy over economic and financial cycles may help to ensure that a higher percentage
of required government pension contributions are paid.
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Strategies that aim to control pension benefits and thereby reduce pension liabilities
are more difficult to employ. This study found that a larger work force relative to the
population leads to increased pension burdens. Thus a strategy to reduce the work
force without compromising the provision of public services should be pursued. As
for the pension benefit itself, the study also shows, not surprisingly, that more gener-
ous benefits, measured by benefit multiplier and COLA, also results in higher pension
burden. However, reduction in pension benefits, in the form of lower benefit multiplier
and less generous COLA, will have minimal impact on existing pension burdens be-
cause such reduction rarely applies to existing employees and retirees. Even though
some state and local governments have tried, the courts in most cases find such
changes to existing employees and retirees unlawful.13 It remains to be seen whether
courts in some part of the country will have a different opinion in the future or state
and local governments can devise different strategies in reducing the pension benefits
for current employees and retirees.
The findings of this study demonstrate that state and local governments are in a

difficult financial situation. Since pension liabilities cannot easily be reduced, state
and local governments seek to address increasing pension burdens, at least in part,
by failing to pay the full amount of their required contributions. This situation
only serves to increase unfunded liability and reduce the pension funded ratio,
which results in more pension contributions being required in the future. One silver
lining in our findings is that economic growth has the potential to help reduce pension
burdens, as it increases the tax and revenue base from which pension contributions are
made. Once the US economy has healed from the pernicious effect of the Great
Recession and enjoys more healthy growth again, the heavy pension burden can
potentially be reduced to some extent.
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