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Abstract: 
     Many studies have documented the pervasive underfunding of public sector pension plans in the 
United States in recent years. The deterioration of the funded status of public pension plans coincided 
with severe fiscal crises that state and local governments experienced in the 2000s. This development has 
led to a suspicion that state and local governments have decreased employer pension contributions as a 
backdoor means of running fiscal deficits. In this paper, the authors investigate the extent to which this 
phenomenon has occurred. 
     They estimate panel data regressions using the Boston College Center for Retirement Research’s 
Public Plans Database, which provides data for 2001 through 2010. The authors find that contrary to 
popular belief, plan sponsors do not reduce their contributions in response to negative fiscal or economic 
shocks. In contrast, plan sponsors’ contributions to their pension plans increase in response to growth in 
their unfunded liabilities.   
     The authors document that the public pension underfunding crisis during the 2000s developed 
largely as a consequence of portfolio returns that fell short of expectations. Public pension plans’ assets 
portfolios have a relatively high share of equities and other risky assets, leaving the plans’ funded status 
vulnerable to asset price fluctuations. Although plan sponsors increased their contributions in response 
to the growth of unfunded liabilities, they did not do so by enough to fully counteract the effect of the 
subpar portfolio returns. This finding holds across the spectrum of plans ranked in terms of funded 
status in 2010.    
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I. Introduction               
     The funding of U.S. state and local public sector pension plans has become a controversial and 

contentious public policy issue in recent years. Numerous studies have documented the deteriorating 

condition of public sector pension funding during the first decade of the twenty-first century, prompting a 

concern that unfunded pension liabilities could cause widespread fiscal stress for the state and local 

governments that sponsor these plans.  Some of these concerns seem to have been borne out in recent 

municipal bankruptcies, where unfunded pension liabilities played a role similar to that of municipal bond 

debt by adding a fixed component to government expenditures that became difficult for struggling 

municipal governments to finance as tax bases deteriorated in the aftermath of the Great Recession.    

     State constitutions generally mandate that operating budgets be balanced, with debt issued only to 

finance capital projects.  However, underfunded public pensions are somewhat analogous to the debt that 

accumulates from operating deficits. Pensions are a form of deferred employee compensation, and a 

failure to fully fund pension liabilities as these obligations accrue is equivalent to not fully covering the 

labor cost component of the operating budget with current year revenue.  Thus, the unfunded component 

of pension liabilities is a form of implicit debt.  The emergence of a growing volume of implicit state and 

local pension debt suggests the possibility that state and local governments may have been running 

implicit operating deficits by underfunding the pension plans that they sponsored. Underfunding of public 

pensions could be used strategically as a means of circumventing restrictions on the issuance of explicit 

government debt to finance operating deficits. 

     However, the existence of substantial unfunded pension liabilities does not necessarily indicate that 

policymakers have been deliberately using pension underfunding as a backdoor means of running 

operating deficits.  A key difference between explicit bond debt and implicit debt from underfunded 

pensions is that bond debt results from an explicit decision to issue debt, while pension debt may arise 

from either deliberate underfunding or from asset returns that ex post were less favorable than those 

assumed at the time that the liabilities first accrued. Hence, the deterioration in public pension finances 

could be caused by a factor other than strategic underfunding of pension plans.  

     In this paper, we explore the extent to which public pension underfunding is a consequence of plan 

sponsors strategically decreasing pension contributions in response to negative economic and fiscal 

shocks.  Using panel data on state-administered public sector pension plans, we estimate regressions that 

relate contributions made by plan sponsors to changes in economic, financial, and fiscal conditions.  Our 

estimates indicate that plan sponsors do not decrease contributions relative to payroll in response to 

adverse economic and fiscal shocks.  In contrast, plan sponsors respond to increases in unfunded 
liabilities, which may be the result of negative asset price shocks, by increasing contributions relative to 

payroll.   
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     If plan sponsors did not deliberately use pension funding as a backdoor means of running deficits, then 

what did drive the development of the public pension funding crisis that arose during the last decade?  

The funded status of public pension plans deteriorated across nearly the entire distribution of plans 

between 2001 and 2010. Although some plans ended the decade much better funded than others, even 

these better-funded plans tended to have a funded ratio that decreased substantially over time. The main 

common factor shared by public pension plans during this time period is realized investment returns that 

were well below the rates of return assumed in the plans’ actuarial calculations.   

     Our empirical results suggest that the public pensions funding crisis evolved largely as a consequence 

of these plans suffering a series of below-expected portfolio returns and other adverse shocks. Plan 

sponsors increased their contributions in response to the deteriorating funded status of their plans, but did 

not do so to the extent that was necessary to restore full funding. State and local government pension 

plans may take on too much risk or make overly optimistic assumptions regarding asset returns, but the 

sponsors do not appear to use pension underfunding as a backdoor means of running cyclical budget 

deficits. 

     The rest of this paper is organized as follows.  Section II provides a brief primer on the institutional 

structure of state and local public plans in the United States.  Our empirical setup and specification of the 

econometric models that we estimate are discussed in section III.  Section IV describes the dataset we use 

for the estimation, and is followed by presentation of results from regressions of plan contributions on 

measures of shocks and funded status in section V.  Section VI examines changes in the distribution of 

plan funding between 2001 and 2010.  Section VII concludes with a discussion of policy implications. 

II. Public Sector Pensions in the United States                                                                                    
     Unlike private sector pensions, state and local public sector pensions are still predominantly defined-    

benefit plans, with retiree benefits generally determined by final average salary and years of creditable 

service. In order to provide readers with sufficient background to place our empirical work in broader 

context, in this section we provide a very brief overview of the institutional features of state and local 

pensions that are most pertinent to our analysis.  Comprehensive overviews of public sector pensions in 

the United States are provided by Munnell (2012) and by Clark, Craig, and Sabelhaus (2011).                                                               

The Funded Ratio and Discount Rate  

     A key concept in analyzing public pension plans is the “funded ratio,” the ratio of the value of a plan’s 

assets to the present value of its liabilities (future benefit payments).  Figure 1 displays the distribution of 

the funded ratio for 85 state-administered pension plans between 2001 and 2010. The median plan was 

close to fully funded in 2001, and then began a slow steady deterioration in its funded ratio. The overall 

distribution of public plan funded ratios has followed a similar downward trend, although the least well-
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funded plans appear to have deteriorated more than those at other points in the distribution.  The key 

question that this paper addresses is whether the decrease in the funded ratios of public pension plans is 

due to sponsors making a strategic choice to decrease plan contributions, resulting in a consequent 

decrease in funded ratios.  

     State and local public sector pension plans are funded through a combination of employer and 

employee contributions, with a goal of fully funding the plans’ future pension obligations as these accrue.  

Although new standards are now being implemented, during our sample period plans followed the 

accounting rules laid out in Governmental Accounting Standards Board (GASB) Statements 25 and 27.  

The GASB standards specify that the expected rate of return on plan assets be used as the discount rate in 

computing the present value of the benefits expected to be paid to retirees in future years.  This practice 

has been widely criticized by economists as being fundamentally inconsistent with a basic tenet of 

financial economics, which holds that the discount rate should be based on the riskiness of the liabilities 

(or, alternatively, the liabilities could be converted into certainty-equivalents discounted using a risk-free 

rate of return).  Economists generally view the expected rate of return on assets as irrelevant to the choice 

of the rate used to discount liabilities.     

     Brown and Wilcox (2009) argue that because pension plan benefits are protected by constitutional 

provisions in a majority of states, and by contract law and court decisions in many other states, these 

promised public pension benefits should generally be regarded as risk free, and so should be discounted 

using a risk-free rate.1  They note that the ideal candidate for the discount rate would be the return on a 

risk-free bond that is not tax-preferred and that does not trade at a premium reflecting extraordinary 

liquidity or flight-to-quality effects.  

     In practice, the choice of the discount rate makes a huge difference in the estimated magnitude of 

public pension plan underfunding. For example, Munnell et al. (2011) report that their estimate of 

aggregate public pension plan liabilities is $3.5 trillion using an 8 percent  discount rate, which is the rate 

most commonly used by public pension plans, but $5.2 trillion using a 5 percent discount rate, which they 

argue is a reasonable estimate of a safe rate of return.  As a result, public pension plans appear to be much 

less well funded when the risk-free rate is used for discounting liabilities: Munnell et al.’s (2011) estimate 

of the aggregate public pension plan funded ratio is 77 percent using an 8 percent discount rate, but only 

51 percent using a 5 percent discount rate.   

     The discount rate issue is pertinent to our analysis because any differences between the assumed 

discount rate and the realized return on a plan’s portfolio play a key role in the evolution of its funded 

ratio.  Plans that appear to be fully funded using an 8 percent discount rate will have a funded status that 

decreases rapidly over time if realized portfolio returns are less than 8 percent and contributions and 

1 Also see Novy-Marx and Rauh (2009). 
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benefit policies remain unchanged.2  Plans that base their funding on realizing a rate of return than would 

be expected to accrue from risky assets are at a high risk of becoming underfunded.  In section VI we 

evaluate the extent to which realized portfolio returns that are lower than those assumed ex ante can 

account for the deterioration of public pension plans’ funded ratios. 

 
Normal Cost, UAAL, and the ARC  
 
       A few additional key terms are useful in understanding the evolution of pension finances.  

Contributions to pension plans fund both the normal cost of benefits attributed to the current year and, if 

the plan is underfunded, an additional amount to work towards reducing the unfunded actuarial accrued 

liability (UAAL).  The UAAL of a plan is the difference between the present value of the plan’s liabilities 

and the value of the plan’s assets.  The present value of the plan’s liabilities depends critically on actuarial 

assumptions and the choice of the discount rate.  The value of a plan’s assets is more straightforward, 

with the main wrinkle being whether current market prices for assets should be used in the actuarial 

valuation, or if instead a moving average should be used to smooth over market fluctuations. 

     The annual required contribution (ARC) is the sum of the normal cost and the UAAL amortized over a 

fixed period of time (most typically, 30 years).  Contributions are generally made by both employers and 

employees, but the institutional setting of the contribution rate determination varies widely over 

individual plans.  

III. Econometric Specification                                                                                      
     To empirically test the hypothesis that public pension plan sponsors reduce their contributions in 

response to adverse economic and fiscal shocks, we estimate regressions of employer pension 

contributions on a set of control variables that include measures of economic and fiscal shocks. Our 

general specification takes the form: 

𝑌𝑖𝑡 = 𝜌𝑌𝑖𝑡−1 + 𝛽1𝑋𝑖𝑡 + 𝛽2𝑍𝑖𝑡+𝛽3𝐶𝑖𝑡 + 𝑃𝑖 + 𝑇𝑡 + 𝜀𝑖𝑡, 

where 𝑌𝑖𝑡 is the plan sponsors’ contribution as percentage of the payroll for plan i in year t, 𝑋𝑖𝑡 and 𝑍𝑖𝑡 are 

measures of economic and fiscal shocks, respectively, 𝐶𝑖𝑡  is a vector of other control variables such as the 

funded status for the previous year, 𝑃𝑖 is a plan fixed effect, 𝑇𝑡 is a year fixed effect, and 𝜀𝑖𝑡 is a stochastic 

term capturing other influences on plan contributions. The main coefficients of interest are 𝛽1 and 𝛽2,                    

which reflect the impact of economic and fiscal shocks on the contributions made by plan sponsors.    

     Our choice of employer contributions relative to payroll as a dependent variable is motivated by our 

intent to use a measure of contributions that is likely to be highly correlated with the decision variable 

2 Figure 1 displays the distribution of funded ratios based on the discount rates chosen by plans. 
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used by plan sponsors in setting their contributions and that is also unlikely to be mechanically linked to 

financial and fiscal shocks.  We considered an alternative measure, employer contributions divided by the 

plan’s ARC, but rejected that because it is unlikely to be the decision variable used by government plan 

sponsors in making contribution decisions and is also, to some extent, mechanically tied to financial 

shocks through the effect of asset prices on funded ratios and ARCs.  A negative shock to asset prices 

would decrease the value of a plan’s portfolio, thus increasing the plan’s unfunded liabilities and its ARC.  

If the plan sponsor makes no change to the percentage of payroll that it contributes to the plan, then its 

contribution relative to the ARC would decrease.  In this sense, there is a negative mechanical 

relationship between negative asset price shocks and employer contributions relative to the ARC. 

     Previous work has generally modeled a different measure of pension funding or contributions, and also 

conditioned on different measures of fiscal shocks and economic conditions.  Chaney, Copley, and Stone 

(2002) find that fiscally strained states tend to have less well-funded pension plans.  Coggburn and 

Kearney (2010) estimate that a higher ratio of interest payments on a state’s debt relative to revenue is 

associated with higher unfunded state pension liabilities per capita. Munnell, Aubry, and Quinby (2011) 

and Munnell (2012) estimate that higher state debt-to-GSP ratios are associated with a reduced likelihood 

of plan sponsors making their full ARC payment.  St. Clair (2013) examines the effects of fiscal 

institutions on the percent of the ARC that states contribute.     

IV. Data                                                                                                                     
     Our primary data source is the Public Plans Database (PPD) produced by the Center for Retirement 

Research at Boston College. The PPD includes information on 126 state and local defined-benefit plans, 

including the largest plans in each state. Among these plans, 107 are state-administered and constitute 

more than 90 percent of all state government pension assets and 90 percent of state and local employees 

in the United States.3 In comparison, the PPD contains only 19 locally administered plans, which cover 

over 20 percent of all local government pension assets and members.  The data span the 2001 through 

2010 time period, encompassing an era that includes a major financial crisis, two recessions, and the 

associated periods of state fiscal stress.   

     The PPD provides detailed data on the finance, governance, and plan design of public pension plans. 

In particular, it contains each plan’s actuarial valuation information, including actuarial assets and 

actuarial liabilities.4 In 2010, the mean funded ratio among the PPD’s 126 pension plans was 75.4 

3 The GAO (2007) reports that 90 percent of state and local employees in the United States are covered by state-
administered pension plans.  
4 We use the value of actuarial assets and actuarial liabilities of each pension plan calculated with the “entry age 
normal” method. About a quarter of the pension plans in the PPD also estimate their actuarial assets and actuarial 
liabilities based on alternative methods including “projected unit credit,” “aggregate cost,” and “entry age frozen.” 
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percent, nearly the same as the aggregate funded ratio of the 233 state and local pension plans surveyed 

by the Pew Center on the States for the same year (Pew Center on the States 2012), indicating that the 

PPD is representative of the wider group of public pension plans. 

     Pension plans for some local government employees, such as teachers, police, and firefighters, 

sometimes receive contributions from both the local direct employer and from the state government.  

Because this practice varies over states, to make employer contributions comparable between pension 

plans we sum the contributions to each plan by the local employer and by the state government, and then 

divide by covered payroll. 

     We use the individual state’s unemployment rate as a proxy for economic shocks, as it changes 

substantially over the business cycle. Following Poterba (1994), we measure unexpected fiscal shocks 

using data from the National Association of State Budget Officers (NASBO). Each year, NASBO’s 

Fiscal Survey of States publishes each state’s actual revenues and outlays, midyear spending cuts, and 

enacted revenue changes for the past fiscal year, as well as forecast revenues and outlays for the current 

fiscal year.5  We define an unexpected fiscal shock as the difference between the contemporaneous 

expenditure shock and the revenue shock, where the expenditure shock is defined as actual outlays minus 

midyear spending changes minus forecast outlays. The revenue shock is defined as actual revenues minus 

enacted revenue changes minus forecast revenues.6  We scale this measure of the unexpected fiscal shock 

by dividing it by total state expenditures.  Because plan sponsors may respond asymmetrically to negative 

and positive fiscal shocks, in the regression analysis we include separate variables for unexpected budget 

deficits and unexpected budget surpluses. 

     Out of the PPD’s 126 plans, we use 85 state-administered pension plans for the main regression 

analysis. We omit the 19 locally administered plans for three reasons. First, the comparability between 

locally administered plans and state-administered plans is questionable, as these two types of plans are 

funded and operated differently and are governed by different laws and statutes (Hess and Squire 2010). 

Second, both measures of economic and fiscal shocks are defined at the state level. Third, locally 

administered plans in the PPD are far less nationally representative than state-administered plans in the 

PPD. In order to estimate using a strongly balanced panel of plan data, we also exclude 22 state-

administered plans that have missing or problematic information for at least one year. Most of these plans 

have missing UAAL information in some years or combine figures for retirees’ health insurance plans 

together with data for their pension plans. The rest of the omitted plans have member agencies or 

localities that change from year to year, making data for these plans incomparable over time.   

5 Pennsylvania did not report forecasted state revenues and outlays for fiscal year 2004.  
6 Poterba (1994) shows that without correcting for mid-year spending cuts or tax changes within the fiscal year, the 
measure of unexpected fiscal shock would be biased. 
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     The remaining 85 plans are broadly representative of state-administered pension plans in the United 

States. These plans cover more than 70 percent of all state government pension assets and members, and 

their states comprise 93 percent of the U.S. population in 2010.7  To investigate the effect of our sample 

selection rules, we also construct an alternative larger sample by (1) including locally administered 

pension plans and (2) only dropping the plan-year observations, not the entire plans, that are missing 

UAAL information, have inconsistent member agencies or localities over time, or include retirees’ health 

insurance plans. Pairwise t-tests of the hypothesis that the means of the variables used in our regression 

analysis are the same for the two samples fail to reject the null hypothesis of equal means at the 5 percent 

significance level for all but one variable, the plan sponsors’ contributions as a percentage of covered 

payroll. The mean of sponsors’ contributions is smaller in our primary sample than it is in the full sample.  

     The summary statistics of the variables used in the regression analysis are displayed in Table 1. Note 

that there is substantial variation in plan sponsors’ contributions and UAAL. There is also a wide range in 

state unemployment rates and our measures of unexpected state budget deficits and surpluses, which 

should enhance the precision with which we can estimate the impact of economic and fiscal shocks.  

V. Econometric Results 
     We use several variants of our general econometric specification to estimate the impact of economic 

and fiscal shocks on plan sponsors’ contributions.  If the hypothesis that plan sponsors reduce their 

contributions in response to adverse economic and fiscal shocks is true, then the coefficients on the 

unemployment rate and the unexpected state budget deficit would be negative, while the coefficient on 

the unexpected state budget surplus would be positive.  As we discuss in detail below, our estimates 

strongly reject this hypothesis and indicate that plan sponsors do not react to adverse economic or fiscal 

shocks with reduced contributions to their pension plans. Moreover, our results show that plan sponsors’ 

increase their contributions in response to growth in the plans’ unfunded liabilities. 

     Our regression estimates are displayed in Table 2. In all specifications the dependent variable is the 

plan sponsors’ contributions as a proportion of payroll.  The table’s columns pertain to different variants 

of our general econometric specification, starting with simple OLS in the first column and becoming more 

sophisticated in columns further to the right.  We first describe the specifications pertaining to each 

column, and then discuss the coefficient estimates.  

     The coefficient estimates from an OLS regression excluding fixed effects for the plan and year are 

shown in column 1 to provide a baseline for comparison with the more sophisticated estimators.  As a 

7 The 85 pension plans should cover more than 70 percent of all state government pension assets and members in 
2010, because (1) their market assets and members are about 78 and 81 percent of the total market assets and 
members of the 107 state-administered plans in the PPD in 2010, and (2) the 107 plans represent more than 90 
percent of all state government pension assets and members.  
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check on the influence of outliers, column 2 shows estimates from a robust regression estimator that 

iteratively downweights observations with large residuals.8   

     The estimates shown in column 3 are from a specification identical to that shown in column 1, but 

these include plan and year fixed effects.  The plan fixed effects control for time-invariant plan 

characteristics, such as the individual plan’s governance structure, while the year fixed effects control for 

time varying factors that are common across plans, such as national economic and financial conditions.  

The fixed effects estimator attenuates problems with omitted variable bias that may be present in the OLS 

estimates.  This attenuation comes at a cost, however, as the coefficient estimators in this specification are 

driven only by within-plan and within-year variances and covariances. The specification in column 4 is 

identical to the one in column 3 (plan and year fixed effects) except that we drop the outlier observations.  

Specifically, we exclude plan-year observations that have a standardized residual from the column 3 

estimation that is 3 or greater in absolute value; 13 plan-year observations are dropped.   

     Estimates from a specification that includes a one-year lag of the dependent variable in addition to 

plan and year fixed effects are reported in column 5.  The lagged dependent variable specification allows 

for persistent, but not time-invariant, plan-specific effects that would not be captured by the plan fixed 

effects.  We use the Blundell-Bond (1998) estimator to address the problem of inconsistency of the 

standard fixed effects estimator of regressions with a lagged dependent variable. 9   

     The coefficient on the state unemployment rate is positive in all five specifications, indicating that 

plan sponsors increase, rather than decrease, their contributions as the state’s economy deteriorates.  The 

magnitude and significance of the unemployment rate coefficients varies over the specifications, but 

overall this result provides strong evidence against the hypothesis that plan sponsors decrease their 

contributions in the face of adverse economic conditions.10    

      The estimated coefficient on the unexpected budget deficit is also positive across all five 

specifications, indicating that plan sponsors on average increase, rather than decrease, their contributions 

when their states are hit with unexpected fiscal difficulties.  Although the unexpected budget deficit 

coefficient is not statistically significant in the OLS specifications, it is significant in the three 

specifications that include plan and year fixed effects.  

8 Stata’s rreg command was used for estimation of the specification shown in column 2.  We also estimated a 
median regression as an alternative way to reduce the influence of outliers. The results of the median regression are 
generally closer to the OLS estimates than are the robust regression estimates shown in column 2 of Table 2. 
9 As a robustness check, we also estimated this specification with the Arellano-Bond (1991) estimator.  This 
produced results similar to the Blundell-Bond (1998) estimates reported in column 5.  
10 As a robustness check, we also tried using the Federal Reserve Bank of Philadelphia’s state coincident index in 
place of the state unemployment rate. This index combines four indicators to summarize each state’s current 
economic activities: nonfarm payroll employment, average hours worked in manufacturing, the unemployment rate, 
and wage and salary disbursements. Estimates using the coincident index were qualitatively similar to those using 
the unemployment rate in the panel data specifications. 
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     The estimated coefficient on the unexpected budget surplus is positive, which is consistent with the 

hypothesis that states will provide more funding to their pension plans if they experience unexpected 

fiscal windfalls. This finding also indicates that plan sponsors respond asymmetrically to unexpected 

positive and negative fiscal shocks. The unexpected surplus coefficient is of smaller magnitude than the 

unexpected deficit coefficient in the three specifications incorporating plan and year fixed effects, and is 

statistically significant only in the panel data specification that excludes outliers.11   

     We find that plan sponsors do consider their plan’s funded status in deciding on their contributions. In 

the regressions we include a one-year lag of the UAAL divided by payroll as an indicator of the plan’s 

funded status. The estimated coefficient on this variable is positive and highly significant in all five 

specifications, implying that plan sponsors increase their contributions in response to a deterioration in 

funded status.  Although this effect remains highly statistically significant when plan and year fixed 

effects are included in the regressions, the point estimates of the coefficients are relatively small, ranging 

between 0.004 and 0.008. This result implies that a plan sponsor’s contribution as a percentage of payroll 

increases 0.4 to 0.8 percentage points when the UAAL as a percentage of payroll increases by 100 

percentage points. The small magnitude of the increase in plan sponsors’ contributions is clearly far from 

sufficient to fully offset a sudden increase in the UAAL.  

     The regression results are qualitatively robust across the five specifications, and strongly refute the 

hypothesis that sponsors of state-administered public pension plans opportunistically decrease their 

contributions in the face of deteriorating economic and fiscal conditions.  Plan sponsors, on average, do 

not reduce contributions as a backdoor means of running operating deficits.  Additional specification 

checks, summarized below, confirm the robustness of this finding. 

     Because payroll is the denominator of the dependent variable, one could argue that the results might be 

driven by payroll reductions during economic recessions and fiscal crises rather than by changes in plan 

sponsors’ contributions. To test this hypothesis, we “turn off” the payroll-adjustment channel by replacing 

current payroll with payroll averaged over the 10-year sample period in the denominator of the dependent 

variable. The results from this experiment, shown in Appendix Table 1, are similar to our earlier results 

reported in Table 2, thus suggesting that payroll reductions due to economic downturns are not driving the 

results. 
     One might also be concerned that the results are influenced by our sample selection criteria.  To 

address this, we re-ran the regressions using the full sample. The coefficient estimates from this exercise, 

11 As a robustness check, we experimented with interacting the unemployment rate with the unexpected state budget 
deficit to examine whether states contribute less when they face both economic and fiscal shocks. While the 
coefficient on this interaction term is negative, it is not close to being statistically significant. Including this 
interaction term also does not affect the sign of the other estimated coefficients. 
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shown in Appendix Table 2, generally have the same sign as the main results reported in Table 2, 

although these are less often statistically significant. 

     There are several reasons why plan sponsors may refrain from reducing contributions in response to 

adverse economic and fiscal shocks. First, some plan sponsors face institutional constraints in changing 

their contributions. Plan sponsors’ contributions are set by state statute, often as a fixed percentage of 

payroll, for about 30 percent of the pension plans in the PPD. For these plans, legislative action would be 

needed to change contributions in response to changing economic or fiscal conditions.  Second, some 

state and local governments create and pre-fund special reserves to help stabilize plan sponsors’ 

contributions. For example, Los Angeles County paid its employer contributions during the 2000s using a 

combination of cash payments and transfers from the County Contribution Credit Reserve Account. 

Transfers from the reserve accounted for more than 37 percent of employer contributions in 2002 and 

2003 when California was facing difficult economic and fiscal conditions following the dot-com bust; the 

share of employer contributions funded by the reserve subsequently fell to 25 percent in 2004 when the 

state’s economic and fiscal situation improved. Third, some state and local governments increase their 

borrowing to help fund pension plans when they are short of revenues. For example, the State of Illinois 

issued $10 billion and $3.5 billion in general obligation bonds in 2003 and 2009, respectively, partly for 

the purpose of making the state’s required contributions to the retirement systems. In addition, political 

economy factors may play a role in preventing cuts to plan sponsors’ contributions. In states with 

powerful public employee unions, state and local governments may face political pressure to robustly 

fund public pension plans even during difficult periods.  

     At least two factors may underlie the small magnitude of plan sponsors’ increase in contributions when 

the UAAL increases. The same institutional constraints that make it difficult for plan sponsors to 

opportunistically reduce employer contributions during fiscal crises also make it difficult for sponsors to 

increase contributions when funded ratios deteriorate. The other factor is that negative shocks to funded 

status often coincide with deteriorating fiscal and economic conditions.  Using revenue to increase 

pension funding may be especially costly at such times, and plan sponsors instead may gradually increase 

contributions as fiscal conditions improve.  

VI. The Evolution of the Distribution of Public Plans’ Funded Status 

     If plan sponsors did not reduce contributions as a backdoor means of running fiscal deficits, then what 

did cause the deterioration in public pension funding during the 2000s? To answer this question, we 

provide a descriptive analysis of the evolution of pension plans’ funded status and four factors that affect 

the plans’ funded status — portfolio composition, plan sponsor contributions, employee contributions, 

and plan benefits. To examine whether plans with different funded status behaved differently, we make 

comparisons by quartiles of plans ranked by their funded ratio in 2010. We find that financial shocks 
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played a major role in the pension underfunding crisis during the 2000s, and this finding holds across the 

spectrum of plans’ funded status.                                                 

Evolution of Public Pension Plans’ Funded Status 

     Table 3 shows that most public pension plans were not well-funded in 2010. The average 2010 funded 

ratio in each of the three lowest quartiles of plans is below 80 percent, a figure which many pension 

experts consider to be a lower bound for a relatively healthy pension system (GAO 2007, Pew Center on 

the States 2010).  Even the top quartile’s average funded ratio is less than 100 percent in 2010. There is 

also a wide range in funded status across pension plans. The bottom quartile’s average funded ratio is 37 

percentage points lower than the top quartile’s average funded ratio in 2010.  

     Pension plans’ current funded status is strongly correlated with their past funded status. Although 

pension plans, on average, were well-funded at the beginning of the decade, the bottom quartile of plans 

as ranked by their 2010 funded ratio was already in relatively bad shape – by that time. The bottom 

quartile had the lowest average 2001 funded ratio among the four quartiles, and was already below the 80 

percent benchmark.12 On the other hand, the top quartile of plans had the highest average 2001 funded 

ratio among all four quartiles, and was over 100 percent funded. The product-moment correlation between 

the 2001 funded ratio and the 2010 funded ratio across all 85 plans is 0.59 and highly statistically 

significant. The Kendall rank correlation coefficient, which is less sensitive to extreme values than is the 

standard correlation coefficient, is equal to 0.42.13  

     All four quartiles experienced a large decrease in funded ratios from 2001 to 2010, with the average 

decrease for each quartile ranging from approximately 20 percentage points to nearly 30 percentage 

points. The less well-funded plans tended to experience a somewhat larger drop than did the better-funded 

plans, although the correlations between the change in the funded ratio and the 2010 funded ratio are 

rather small (around 0.2). This across-the-board drop in the funded ratio suggests that some aggregate 

factor —which we argue is largely subpar investment returns during the 2000s— played a critical role in 

the pension underfunding crisis. 

Portfolio Investment                                                                                                                                     
     The decline in public pension plans’ funded ratios is largely attributable to financial shocks that hit 

during the 2000s. Asset prices dropped substantially both during the dot-com bust and during the 

12 In contrast, the top three quartiles were on average nearly or above fully funded in 2001.  
13 Another way to show the persistence in pension plans’ funded status is to examine their transitions between 
funded ratio quartiles from 2001 to 2010. Appendix Table 3 indicates that 46 percent of pension plans stayed in the 
same funded ratio quartile between 2001 and 2010, and 80 percent of plans either stayed in the same quartile or 
moved to an adjoining quartile. Therefore, there is relatively little reshuffling in the ranking of plans’ funded status 
during this time period.  
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financial crisis that precipitated the Great Recession. The average annual investment return during our 

sample period is less than 5 percent in all four quartiles of plans ranked by their 2010 funded ratio.14 

However, most plans set their expected annual investment return, which they use as the discount rate in 

computing the present value of their future pension benefit liabilities, at approximately 8 percent. As a 

consequence, annual pension portfolio returns fell short of actuarial expectations by 3 to 4 percentage 

points.  A plan’s funded ratio drops by approximately 1 percentage point for every percentage point by 

which the actual portfolio returns fall short of expected returns, so this annual shortfall has a very large 

effect when compounded over a decade.                                                                                                                                             

      Public pension plans are very vulnerable to financial shocks because their asset portfolios include a 

relatively high share of risky assets.15 On average, public pension plans invest about 56 percent of their 

asset portfolios in equities. Another 15 percent, on average, is invested in other non-bond assets, 

including real estate, hedge funds, private equities, cash and short-term assets. The average portfolio share 

of non-bond assets across the 85 plans in our sample increased from 68 percent in 2001 to 73 percent in 

2010.  

     Risky investments appeal to public pension plans because of their high expected rate of return.  Public 

pension plans benefitted from a rapid appreciation of equities and other risky assets during the 1980s and 

1990s, which resulted in most plans being nearly or above fully funded levels at the beginning of the 

2000s.16 Moreover, as mentioned above, under GASB accounting rules plans discount future liabilities by 

the expected return on their assets.  Investment in risky assets reduces the accounting measure of future 

liabilities by increasing the discount rate used in present value calculations, and generally leads to lower 

ARC amounts.  Some researchers maintain that the GASB accounting rules have had a causal impact on 

risk- taking in public pension plan portfolios (Andonov, Bauer, and Cremers 2013).  

     Both the quartile comparison and the correlation measures show that the less well-funded plans tend to 

have suffered a larger gap between actual and expected investment returns during the 2000s than did the 

better-funded plans. This is due to a combination of their lower actual investment returns and higher 

assumed discount rates. Among the two factors, lower investment returns are more important because the 

assumed discount rates are concentrated around 8 percent, and therefore there is a relatively small 

difference in discount rates across plans. For example, the gap between the actual annual investment 

return and the assumed discount rate for the bottom-quartile plans is on average 0.75 percentage points 

14 While most plans smooth their asset valuations over several years, they do not report a smoothed-out annual rate 
of return. 
15 U.S. public pension plans have a greater exposure to risky investments than do U.S. private pension plans. We 
find that the 85 plans in our sample invested an average of 73 percent of their portfolios in non-bond assets in 2010. 
In comparison, private pension plans allocated 62.1 percent of their assets to risky assets in the same year (Andonov, 
Bauer, and Cremers 2013).   
16 For example, the S & P 500 increased almost 13 times from January 1980 to December 1999.  
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higher than that for the top-quartile plans. Through decomposition, we find that as much as 0.55 

percentage points of the gap are attributable to the lower investment return of the bottom-quartile plans, 

while their higher discount rate explains the remaining 0.2 percentage points.  

     One might suspect that the less well-funded plans experienced lower investment returns because these 

plans invested larger shares of their portfolios in risky assets and therefore suffered greater losses from 

financial shocks. However, we find that this is not the case. Portfolio composition is fairly similar across 

the spectrum of pension plans. There is no economically or statistically significant correlation between 

the plans’ funded status and their shares of equities and other risky assets. 

     The less well-funded plans had lower portfolio returns most likely because they suffered from lower-

quality investment management and smaller economies of scale. To measure the quality of investment 

management, we use a proxy variable for whether a pension plan has a separate investment council, 

which usually consists of financial experts and professionals. It is reasonable to expect that plans with a 

separate investment council are more likely to receive higher-quality investment management than plans 

without such a council. We find that less than 14 percent of the bottom-quartile plans have their portfolios 

managed by financial professionals, compared with more than half of the top-quartile plans having a 

separate investment council. Moreover, the less well-funded plans tend to have a smaller portfolio and 

therefore enjoy smaller economies of scale than do the better-funded plans. For example, the bottom-

quartile plans’ average actuarial assets are less than one-third of the top-quartile plans’ average actuarial 

assets. 

Plan Sponsors’ Contributions 

     Contrary to popular belief, public pension plan sponsors on average increased their contributions 

during the 2000s, despite the decade’s economic recessions and fiscal crises. Even the bottom-quartile 

plans did not reduce plan sponsors’ contributions. The average annual increase in plan sponsors’ 

contributions ranged from 0.2 to 0.7 percent of payroll across the funded ratio quartiles. However, most 

plans did not increase their contributions by enough to make their full ARC, which grew rapidly as a 

result of the subpar investment returns. On average, plan sponsors’ contributions fell short of their ARC 

by 0.7 to 1.4 percent of payroll among the three lowest quartiles of plans.17 This finding is consistent with 

the small coefficients on lagged UAAL that we estimate in our regression analysis. 

     One might suspect that the sponsors’ contributions to the less well-funded plans grew more slowly or 

were smaller than the sponsors’ contributions to the better-funded plans. However, our evidence indicates 

that the opposite is true. First, plan sponsors’ contributions to the less well-funded plans tended to grow 

17 These quartile means are calculated, excluding three outliers (Washington State Public Employees’ Retirement 
System Plan 1, Washington Teachers’ Retirement System Plan 1, and West Virginia Teachers’ Retirement System). 
We identify these outliers through a scatterplot diagnosis.  
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faster than plan sponsors’ contributions to the better-funded plans. For example, across the four quartiles 

the bottom-quartile plans have the highest average annual increase in the ratio of the plan sponsors’ 

contributions to payroll, equaling 2.5 times the top-quartile plans’ average annual change in the 

contribution ratio. Second, sponsors of the less well-funded plans made larger contributions than did 

sponsors of the better-funded plans. Plan sponsors paid contributions to the bottom-quartile plans that, 

relative to payroll, averaged more than twice that paid to the top-quartile plans. 
     However, sponsors’ contributions to the less well-funded plans did less well in keeping pace with their 

rapidly increasing ARC payments than did contributions to the better-funded plans. Therefore, the less 

well-funded plans tended to experience a larger gap between plan sponsors’ contributions and ARCs than 

did the better-funded plans. For example, sponsors’ contributions to the bottom-quartile plans fell short of 

their ARCs by, on average, 1.4 percent of payroll. In contrast, contributions by sponsors of the top-

quartile plans exceeded their ARC by 0.4 percent of payroll during the same time period. 

Employee Contributions 

     In general, employee contributions to public pension plans grew gradually during the 2000s. The 

average annual change in employee contributions is positive across all quartiles of plans. However, 

employee contributions grew at a much slower pace than did plan sponsors’ contributions. For example, 

for the bottom-quartile plans the average annual change in employee contributions is only about 10 

percent of the average annual change in the plan sponsors’ contributions. This is likely because it is 

usually more difficult for state and local governments to increase employee contributions than it is to 

increase employer contributions. Public employee unions often strongly oppose higher employee 

contributions. Even when unions make concessions, the agreed upon increases in employee contributions 

tend to be relatively small. 

     We investigate whether the less well-funded plans suffered from lower or more slowly growing 

employee contributions than did the better-funded plans, and find that neither is true. First, during the 

sample period the less well-funded plans tended to require their employees to contribute more than did the 

better-funded plans. The bottom-quartile plans’ average employee contribution (relative to payroll) is 

about 1.5 times the top-quartile plans’ average employee contribution (relative to payroll). Second, there 

is no systematic difference in the change in employee contributions across the spectrum of pension plans.   

Plan Benefits 

     There is a popular perception that the less well-funded plans offer more generous retirement benefits 

to their members than do the better-funded plans. To examine whether this perception is valid, we 

separately examine retirement benefits promised to current employees and the retirement benefits paid to 

current retirees. We use a ratio of employer normal cost to payroll as a proxy for the retirement benefits 
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promised to current employees. Employer normal cost represents the present value of projected lifetime 

benefits to be paid to active employees that is allocated to the current year and paid by the employer. We 

find no evidence that the less well-funded plans offer more generous pension benefits to current 

employees. There is essentially no correlation between an employer’s normal costs and the plans’ funded 

status.  
     However, some evidence suggests that the less well-funded plans indeed promised more generous 

benefits in the past; as a result, these plans had to make larger benefits payments to current retirees during 

the sample period. The per retiree retirement benefits payment is negatively correlated with the plans’ 

funded status, although the Kendall rank correlation coefficient is significant only at the 10 percent level. 

In addition, the average retirement benefits payment per retiree in each of the two lowest quartiles is 

higher than that in each of the two highest quartiles.  

VII. Policy Discussion and Conclusion 
     The statistical evidence that we present in this paper strongly refutes the view that public pension plan 

sponsors use reductions in pension funding as a backdoor means of running operational deficits in order 

to buffer the effects of economic and fiscal shocks.  Instead, three key factors were largely responsible for 

the deterioration of public pension funding during the first decade of the twenty-first century: (1) the large 

degree of risk taken on by public plans in their asset portfolio choices, (2) the underperformance of 

returns on plans’ asset portfolios relative to assumed rates of return, and (3) the inability or unwillingness 

of plan sponsors to increase their contributions sufficiently to quickly close funding gaps as these 

increased.  Public pension plans took on risk (and also, to some extent, may have had overly optimistic ex 

ante expectations of portfolio returns) and their bets did not play out as expected.  These plans increased 

their contributions (relative to payroll) in response to falling funded ratios, but did not do so aggressively 

enough to restore funded ratios to their previous levels.  Although public pension plans vary in how well 

funded they are, this general pattern appears to apply across the entire distribution of plans. 

     Rather than providing a backdoor means of deficit finance to smooth over cyclical fluctuations in 

revenue and expenditures, public sector defined-benefit pension plans instead tend to amplify cyclical 

fluctuations in fiscal conditions.  Negative shocks to funding that accompany cyclical downturns lead to 

increased contributions by plan sponsors.  While these increased contributions are necessary to move 

plans toward a more sustainable funding path, these increases occur in an environment where both 

government and taxpayer finances are likely to be stressed, and the opportunity cost of the increased 

pension contributions may be unusually high.  Although there may be valid long-term rationales for plans 

taking on greater risk in their portfolio choices on behalf of taxpayers (Bohn 2011), the negative 

consequences of the potential need to increase contributions when the opportunity cost of contributions is 

high should be taken into account. 
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     Institutional and political constraints of the sort discussed in section V appear sufficient to prevent plan 

sponsors from strategically using public pension plans to circumvent balanced budget requirements.  

Institutional and political constraints appear to be less effective in preventing plans from suffering a 

marked decrease in funding over an extended period of below-expected portfolio returns.  Although 

sponsors of public pension plans did not reduce contributions to smooth over cyclical fluctuations in 

fiscal conditions, they also did not take active steps to increase contributions by as much as the increase in 

their ARCs.  A better understanding of the optimal degree of risk in public pension portfolios, and the 

optimal response to strings of subnormal investment returns, is needed in order to devise improved 

mechanisms for plan governance, management, and risk sharing that will prevent future funding crises. 
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Number of Observations=850 (unless otherwise indicated)
Mean Standard deviation Minimum Maximum

Plan Sponsors' Contribution/Payroll 10.77 9.80 0.00 178.80
UAAL/Payroll 79.80 278.97 –4012.37 725.42
Unemployment Rate 5.89 1.99 2.50 13.70
Unexpected State Budget Deficit/State Total Expenditure 1.20 2.08 0.00 23.96
Unexpected State Budget Surplus/State Total Expenditure 0.97 2.69 0.00 47.13

TABLE 1
SUMMARY STATISTICS

Sources: Pension-related data are from the Boston College Center for Retirement Research's Public Plans Database. Data for unexpected state budget
deficit and surplus are from the National Association of State Budget Officers' Fiscal Survey of States. Data for state total expenditures and
unemployment rates are from the Census Bureau and the Bureau of Labor Statistics, respectively.
Notes: All variables are in percentages. Sample includes 85 state-administered plans with UAAL information available for every year between 2001
and 2010. UAAL is calculated based on the "entry age normal" method. Plan sponsors' contribution is the sum of the employer contribution, state
contribution, and other employer contribution. Unexpected state budget deficit = max(expenditure shock – revenue shock, 0), where expenditure
shock = actual outlays – midyear spending changes – forecast outlays, and revenue shock = actual revenues – enacted revenue changes – forecast
revenues. Unexpected state budget surplus = max(revenue shock – expenditure shock, 0). When calculating the summary statistics of unexpected state
budget deficit and surplus, we exclude two 2004 observations from Pennsylvania because the state did not report forecast state revenues and
expenditures for that year.
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(1) (2) (3) (4) (5)
OLS Robust Regression Static Panel Data Model Static Panel Data Model       Dynamic Panel Data Model

(excluding 13 outlier observations)
Unemployment Rate      0.514*** 0.043 0.438     0.308**   0.996*

(0.177) (0.074) (0.355) (0.123) (0.536)
Unexpected State Budget Deficit/State Total Expenditure 0.043 0.093     0.357**      0.189***     0.398**

(0.167) (0.069) (0.148) (0.051) (0.182)
Unexpected State Budget Surplus/State Total Expenditure 0.185 0.035 0.143     0.100** 0.106

(0.124) (0.051) (0.114) (0.040) (0.130)
UAAL/Payroll, One-Year Lag      0.015***      0.040***      0.008***      0.004***      0.006***

(0.001) (0.001) (0.002) (0.001) (0.001)
Plan Sponsors' Contribution/Payroll, One-Year Lag      0.297***

(0.027)
Constant      6.513***      6.183***   5.103*      6.110*** –1.416  

(1.097) (0.455) (2.946) (1.021) (4.907)
Plan Fixed Effects No No Yes Yes Yes
Year Fixed Effects No No Yes Yes Yes
Adjusted R-Squared 0.156 0.770 0.489 0.836
F Statistic 36.295  638.850    8.609 40.823  
Wald Chi-Square 265.452
Number of Observations 763 761 763 750 763

TABLE 2 
REGRESSION RESULTS 

Dependent Variable: Plan Sponsors' Contribution/Payroll

Notes: Standard errors are in parentheses. * implies significance at 10 percent; ** implies significance at 5 percent; *** implies significance at 1 percent. Coefficients for the dynamic panel data model are generated
using the Blundell-Bond estimator. Because Pennsylvania did not report forecast state revenues and expenditures in 2004, we dropped two observations from Pennsylvania for that year. 
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Bottom Quartile Second Quartile Third Quartile Top Quartile Product-moment Kendall Rank
Funded Status:

Funded Ratio in 2010 53.97 70.06 78.54 91.06   1.00***   1.00***
Funded Ratio in 2001 79.34 99.38 98.67 109.92   0.59***   0.42***
Change in Funded Ratio from 2001 to 2010 –25.37 –29.33 –20.14 –18.86   0.23**   0.20***

Investment:
Annual Investment Return 3.81 3.92 4.96 4.36   0.24**   0.14*
Assumed Discount Rate 8.02 8.04 7.93 7.82 –0.24** –0.18**
Annual Investment Return-Assumed Discount Rate –4.21 –4.13 –2.97 –3.46   0.29***   0.20***
Investment in Equities/Total Portfolio 57.15 57.67 52.54 57.34 –0.10 –0.03
Investment in Bonds/Total Portfolio 27.54 26.80 30.59 29.36   0.08   0.07
Investment in all Other Types of Assets/Total Portfolio 15.31 15.53 16.87 13.30   0.01 –0.05
Plan has a Separate Investment Council 13.64 33.33 33.33 52.38   0.30***   0.25**
Actuarial Assets (in billions of 2010 dollars) 14.22 12.37 17.24 45.20   0.25**   0.15**

Plan Sponsors' Contribution:
Annual Change in Plan Sponsors' Contribution/Payroll 0.67 0.59 0.22 0.27 –0.39*** –0.31***
Plan Sponsors' Contribution/Payroll 15.03 11.56 9.42 6.86 –0.53*** –0.35***
(Plan Sponsors' Contribution-ARC)/Payroll: Including 3 Outliers –0.51 –0.94 –2.44 –1.37 –0.01   0.20***
(Plan Sponsors' Contribution-ARC)/Payroll: Excluding 3 Outliers –1.35 –0.94 –0.71 0.42   0.35***   0.26***

Employee Contribution:
Annual Change in Employee Contribution/Payroll 0.07 0.04 0.12 0.04   0.14   0.08
Employee Contribution/Payroll 6.54 5.58 5.85 4.31 –0.28*** –0.21***

Plan Benefits:
Plan Sponsors' Normal Cost/Payroll 6.28 5.43 7.59 6.57   0.02   0.05
Retirement Benefits Payment per Retiree (in thousands of 2010 dollars) 24.36 26.79 19.76 21.28 –0.11 –0.13*

TABLE 3
COMPARISON BY QUARTILE OF FUNDED RATIO IN 2010

Funded Ratio in 2010 Correlation with Funded Ratio in 2010

Notes: The first four columns show mean values of the listed variables in each quartile grouped by plans' funded ratio in 2010. All values are in percentages, except actuarial assets.
The last two columns show the standard product-moment correlation coefficients and the Kendall rank correlation coefficients (tau b) between the 10-year average of these listed
variables and plans' funded ratio in 2010 across the 85 pension plans. * implies significance at 10 percent;  ** implies significance at 5 percent;   *** implies significance at 1 percent.
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(1) (2) (3) (4) (5)
OLS Robust Regression Static Panel Data Model Static Panel Data Model       Dynamic Panel Data Model

(excluding 9 outlier observations)
Unemployment Rate        0.511*** 0.060  0.482*      0.424*** 0.555

  (0.154) (0.074) (0.288) (0.124) (0.441)
Unexpected State Budget Deficit/State Total Expenditure   0.066 0.108      0.331***       0.203***      0.418***

  (0.146) (0.070) (0.120) (0.052) (0.151)
Unexpected State Budget Surplus/State Total Expenditure   0.154 0.021 0.114     0.081** 0.113

  (0.108) (0.052) (0.093) (0.040) (0.108)
UAAL/payroll, One-Year Lag        0.017*** 0.041     0.006**       0.005***       0.006***

  (0.001) (0.001) (0.003) (0.001) (0.002)
Plan Sponsors' Contribution/10-Year Average Payroll, One-Year Lag       0.271***

(0.028)
Constant        6.266***      6.086***    5.126**       6.014*** 3.235

  (0.954) (0.459) (2.395) (1.032) (4.064)
Plan Fixed Effects No No Yes Yes Yes
Year Fixed Effects No No Yes Yes Yes
Adjusted R-Squared   0.186 0.828 0.571 0.851
F Statistic 44.648 917.004    11.576  45.682  
Wald Chi-Square 270.529
Observations 763 763 763 754 763

APPENDIX TABLE 1
Regression Results with 10-Year Average Payroll

Dependent Variable: Plan Sponsors' Contribution/10-Year Average Payroll

Notes: Standard errors are in parentheses. * implies significance at 10 percent; ** implies significance at 5 percent; *** implies significance at 1 percent. Coefficients for the dynamic panel data model are generated
using the Blundell-Bond estimator. Because Pennsylvania did not report forecast state revenues and expenditures in 2004, we dropped two observations from Pennsylvania for that year. 
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(1) (2) (3) (4) (5)
OLS Robust Regression Static Panel Data Model Static Panel Data Model Dynamic Panel Data Model

(excluding 20 outlier observations)
Unemployment Rate 0.241 0.094 0.218 0.041 1.243

(0.242) (0.070) (0.415) (0.131) (0.760)
Unexpected State Budget Deficit/State Total Expenditure –0.061  0.046 0.132       0.141*** –0.175  

(0.231) (0.067) (0.172) (0.054) (0.250)
Unexpected State Budget Surplus/State Total Expenditure 0.045 0.042 0.027     0.102** –0.273  

(0.182) (0.053) (0.141) (0.044) (0.188)
UAAL/Payroll, One-Year Lag       0.023***       0.039***       0.004***       0.005***       0.007***

(0.001) (0.001) (0.001) (0.001) (0.001)
Plan Sponsors' Contribution/Payroll, One-Year Lag       0.464***

(0.029)
Constant      8.956***       6.028***     7.472**       9.285*** –4.560  

(1.483) (0.431) (3.623) (1.516) (6.992)
Plan Fixed Effects No No Yes Yes Yes
Year Fixed Effects No No Yes Yes Yes
Adjusted R-Squared  0.208  0.845    0.660    0.916
F Statistic 64.142   1310.466     15.888 83.432
Wald Chi-Square 476.611  
Number of Observations 960 959 960 940 955

APPENDIX TABLE 2
Regression Results Based on the Full Sample

Dependent Variable: Plan Sponsors' Contribution/Payroll

Notes: Standard errors are in parentheses. * implies significance at 10 percent; ** implies significance at 5 percent; *** implies significance at 1 percent. Coefficients for the dynamic panel data model
are generated using the Blundell-Bond estimator. Because Pennsylvania did not report forecast state revenues and expenditures in 2004, we dropped two observations from Pennsylvania for that year. 
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Bottom Quartile Second Quartile Third Quartile Top Quartile Total
2001 funded ratio (37.4–65.5) (65.5–74.1) (74.1–82.9) (82.9–126.6)

Bottom Quartile   (21.0–87.4) 59.1 22.7 18.2 0.0 100
Second Quartile   (87.5–97.0) 28.6 28.6 23.8 19.1 100
Third Quartile     (97.2–105.6) 9.5 19.1 42.9 28.6 100
Top Quartile     (106.4–147.7) 4.8 28.6 14.3 52.4 100

APPENDIX TABLE 3
Transitions of Public Pension Plans Between Funded Ratio Quartiles

2010 Funded Ratio

Notes:  The table shows the percentage distribution of public pension plans in each 2001 funded ratio quartile 
across 2010 funded ratio quartiles. Values in parentheses are the range of funded ratios (in percentage)  in each 
quartile.
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