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Abstract: 

We use a large sample of defined benefit pension plans to document economically 

significant differences in the risk-taking of plans sponsored by privately held versus publicly 

traded firms. The magnitude and the main determinants of pension plan risk taking are different 

for public and private firms. The effect of pension liabilities funded status on risk-taking is more 

than two and a half times higher for plans with publicly-traded sponsors than for plans with 

private sponsors. In contrast, the effect of contributions is more than four times higher for plans 

with private sponsors. The results suggest that the alignment of incentives for the stakeholders in 

a pension contract is different for plans sponsored by private versus publicly-traded firms. 
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Defined benefit (DB)3 pension plans today look less secure than a decade ago. The recent 

failures of the biggest U.S. Automakers have highlighted the impact of large unfunded pension 

liabilities4. As the total amount of US retirement assets in corporate DB plans was $2.328 trillion 

as of March 20075, there is a growing concern about historically low funding levels, and 

policymakers are calling for reform of the institutional framework. In this context, understanding 

the determinants of DB pension plan risk-taking is of critical importance. While recent papers 

have examined the pension plans of publicly-traded companies, about 90% of the firms that file 

annual reports with the IRS for their DB pension plan are privately held. These plans cover on 

average more than 20% of all DB beneficiaries. Little is known about the risk-taking of these 

pension plans. This paper examines empirically the effects of the asset-liability structure and the 

sponsor characteristics on the risk taking of both types of pension plans. We find evidence of 

economically significant differences in the risk-taking of pension plans sponsored by private 

firms versus publicly-traded companies. The volatility of asset returns increases with the funded 

status of pension liabilities and this effect is more than two and a half times higher for plans with 

publicly-traded sponsors. The impact of sponsor contributions on return volatility for private 

sponsors is more than four times higher than for public sponsors. 

To further examine the correlation between risk taking and pension plan characteristics, 

we ask whether it is more likely for pension funding levels and contributions to affect risk 

taking, or for risk taking to affect the asset-liability structure of the plan. We analyze the 

direction of causality by examining the lead-lag relationship between the potentially endogenous 

                                                           
3 In the US, DB pension plans entitle participants to an annuity of pension benefits at retirement, based on a 

formula using factors such as salary history and duration of employment. 
4
 See Rubin (2007). 

5
 According to the Investment Company Institute. 
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variables6. In our cross sectional and panel data regressions, we use instrumental variables to 

account for endogeneity. Overall our results suggest that funding levels and contributions are 

important determinants of plan risk taking and that sponsor ownership has an important effect on 

this relationship. 

The evidence in Coronado and Sharpe (2003), Franzoni and Marin (2006) and 

Bergstresser et al. (2006) suggests that the incentives for pension plan risk-taking might be 

different for publicly-traded and for private sponsors. Managerial compensation in public 

sponsors depends on stock price performance, which is linked to pension plan performance 

through reported earnings. For example, Coronado and Sharpe (2003) show that investors did not 

“pierce the veil” of pension accounting during the 1990s. Market participants appear to be quite 

inefficient with respect to pension information allowing potential earnings management to 

remain effective (Franzoni and Marin, 2006; Picconi, 2006). Pension plan risk-taking is one tool 

that managers of public firms can use to manage reported earnings, while the incentive to 

manage earnings in order to manipulate shareholders is absent for private firms. 

Considering the interest of employee-beneficiaries, pensions are a more important part of 

the fixed compensation (DB plan benefits are not performance-based) of managers for firms that 

pay relatively low salaries. Gao, et al. (2010) offer evidence that private firms tend to pay lower 

managerial salaries than publicly-traded ones, so private sponsors have incentive to manage their 

pension plans more conservatively than public sponsors. This incentive is even stronger for firms 

where managers have substantial ownership stake, because a low-risk pension plan can lower the 

total risk exposure of owner-managers who are not well-diversified. Holderness (2009) offers 

robust evidence that ownership is more concentrated for smaller firms than for large ones. Since 

                                                           
6
 Chi (2005) applies this Granger causality type procedure to examine the endogeneity between firm value and 

shareholder rights. 
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privately held firms tend to be smaller than public ones, private sponsors would tend to have 

more concentrated managerial ownership and their pension plan managers would have incentives 

for lower risk-taking than the managers of plans with publicly-traded sponsors. 

The conventional theoretical arguments for the optimal pension-plan risk-taking have 

ignored the distinction between plans with private versus publicly-traded sponsors and their 

different managerial incentives, and these theories have produced conflicting predictions about 

both high and low optimal risk-taking (for example, Sharpe (1976), Treynor (1977), Black 

(1980), Harrison and Sharpe (1983); see below). This paper offers empirical evidence that the 

risk-taking of plans with private and public sponsors has economically significant differences 

that highlight the need for further theoretical extensions. Panel A of Table 1 highlights the 

importance of the sponsor’s ownership in a simple way. The annual volatility of pension plan 

returns for publicly-traded sponsors on average is about 10% higher than the volatility of plans 

sponsored by privately-held firms7. We hope that future research will produce an encompassing 

interpretation of our results within a theoretical framework that takes into account the effect of 

ownership structure on the incentives of managers and employee-beneficiaries. 

The main focus of the models mentioned above, as well as their empirical tests (see 

below) has been on the asset allocation decision between debt (the low risk asset class) and 

equity (the high risk asset class). Previous empirical studies have examined the debt-equity ratio 

of pension plans with publicly traded sponsors8, in part due to lack of detailed data on pension 

                                                           
7
 The means reported in the table are different at the 1% level. 
8 For example, Rauh (2009) examines the debt-versus-equity asset allocation as a function of funding and other 

characteristics of the plan and the sponsor to assess whether risk-management incentives to avoid financial 

distress dominate risk-shifting incentives due to moral hazard. 
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plan asset allocations9. The evidence for a relationship between pension funded status and debt-

equity asset allocation of public sponsors’ pension plans is mixed10. 

In this paper, we take a new approach and instead of debt-equity ratios we examine three 

measures of pension plan total risk taking; the realized volatility of pension plan returns, the 

range of realized returns and the likelihood of plan survival. The main advantage of our approach 

is that we are able to estimate the risk-taking for plans sponsored by private firms, without 

having to rely on asset allocation data which are not available for these plans. Moreover, using 

the realized volatility or the range of realized returns as a measure of total risk captures the 

portfolio risk of all asset classes and investment styles, as well as the effect of portfolio re-

balancing. Prior studies that have used book leverage have abstracted from differences in 

investment styles, and from asset classes other than debt and equity, like alternative investments, 

that provide diversification and hedging benefits. The importance of such asset classes has 

increased as capital markets have become more globalized and institutional investors have 

become more sophisticated.  

Our first set of regression results examines the relationship between the three measures of 

risk taking (the volatility, the range and the likelihood of survival of the pension plan), the asset-

liability structure of the plan and the sponsor’s ownership. We find that the funded status has a 

significant positive effect on the risk-taking of plans sponsored by publicly-traded firms, while 

for the pension plans of privately held sponsors, it is the contributions that are more important 

                                                           
9
 Detailed asset allocation information is typically unavailable from the IRS 5500 forms. This occurs because the 

plan assets are commonly invested through a trust or through an insurance company, without detailed information 

being provided regarding how the assets held by these entities are invested. When available, detailed information 

may also suffer from a sample selection bias as pension plans, especially those undertaking risky investments, face 

incentives to conceal their asset allocation information. 
10

 Bodie et al. (1987) find a negative correlation between funding and risk taking, whereas Petersen (1996) and 

Rauh (2009) find a positive relationship. Bodie et al (1987) use data for a small sample of plan sponsors for the year 

1980 so the study is subject to the usual caveats of analyzing cross sectional data. 
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for risk-taking. In addition, we show that the changes in funding status and sponsor’s 

contributions are positively related to the future change in volatility of pension returns, but 

unrelated to the past change in volatility, indicating that it is unlikely that risk taking affects 

plans’ funding and contributions. The significantly positive relationship between risk taking and 

plan’s asset-liability characteristics remains robust when we use IV regressions to account for 

endogeneity and control for both unobservable and observable characteristics. 

Our second set of results documents the relationship between pension plan return 

volatility and sponsoring firm characteristics. We consider the endogenous choice of ownership 

for the sponsoring firms and control for selection bias. We find evidence that funded status is an 

important determinant of risk-taking for public firms. When we analyze the subset of plans with 

publicly traded sponsors we also find that higher credit rating on average is associated with 

higher pension return volatility. These results are consistent with risk-management practices 

proposed in the literature (see below). 

Our final set of results examines the conditional risk-taking of pension plans of publicly-

traded sponsors, taking into account time-varying asset-liability structures and the changing 

investment opportunity set. We examine in a panel dataset the realized volatility of daily returns 

of benchmark portfolios constructed using the pension plan asset-class holdings and the returns 

on an index for every asset class. The results confirm our finding that relatively better funded 

plans take on more risk over time. However this effect is weaker than the effect of cash flow, 

which is the main driver of conditional risk-taking. 

Our findings contribute to the literature in two ways. First we document a novel 

economically significant difference in pension-plan risk-taking for privately-held versus 

publicly-traded sponsoring firms. Our second contribution is to assess the empirical support for 
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alternative theoretical models that exist in the literature. Our results suggest the need for a broad 

interpretation of the previous findings within the incentive-theoretical paradigm that takes into 

account the multiple stake-holders in the firm and its pension plan. Existing studies that have 

adopted the conventional framework have focused on two-party agency problems, like the 

owner-manager, owner-employee, or manager-employee diverging interests or incentive 

alignment. While all of these are relevant, the private-public ownership dichotomy highlights the 

multiple roles of agents (managers are beneficiaries and can be partial owners) and shows that 

they have different weight for private and public firms. 

The next section provides a brief overview of the related literature. Section three 

describes the data and section four details our research methodology. Section five contains the 

empirical results. The last section concludes. 

 

2. Background 

DB pension plans create complex contracting relationships between shareholders, 

managers, and past and current employee-beneficiaries. Agency costs arise for DB pension plans 

due to conflicts of interest between the stakeholders of the pension contract. Much of the existing 

literature focuses on the agency costs in the form of moral hazard risk-shifting incentives for 

sponsors. These agency costs are exacerbated when a government agency provides pension 

liability insurance in case of sponsor's default. Harrison & Sharpe (1983) argue that the existence 

of the Pension Benefit Guarantee Corporation (PBGC), together with the limited tax 

deductibility of over-funded U.S. DB plans, implies that their asset allocation and funding 

decisions are jointly determined and extreme, with a U-shaped relationship between the funded 

status of the pension plan and the riskiness of its assets. 
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To protect the interests of pension beneficiaries and to limit agency risks, pension 

regulators require that defined benefit pension plans are set up in trusts, and that specific 

disclosure, fiduciary and diversification standards are met11. However, current corporate 

governance practices often fail to ensure that pension funds are run in the best interest of the 

pension beneficiaries. Cocco & Volpin (2007) find that pension plans of more indebted firms 

with a higher proportion of insider-trustees (i.e., trustees who also act as managers of the 

sponsoring firm) invest a higher proportion of the pension plan assets in risky equities. This 

evidence suggests that such firms maximize the value of their put option and shift risk to the 

pension plan beneficiaries. Also consistent with a risk shifting effect, Cocco & Volpin show that 

the presence of insider-trustees allows sponsoring firms to make lower contributions to the 

pension plan. 

Theoretical reasons also exist to explain why the risk in the pension fund might optimally 

decrease when its funded status deteriorates. Bader (1991) argues that firms attempt to minimize 

the volatility of their pension contributions. These contributions are often predictable for 

moderately underfunded or overfunded plans, but less predictable when funding levels become 

more extreme. Bader’s argument suggests an inverted U-shape relationship between funding and 

equity investment where extremely over-funded and under-funded plans invest in fixed income 

securities and only moderately funded plans should increase their allocation to equity 

investment. Rauh (2009) also documents that risk management incentives to avoid costly 

financial distress dominate risk shifting, whereby shareholders maximize the value of their put 

                                                           
11
 Since a DB pension fund is a separate legal entity, whether sponsor firms can influence plan trustees to take 

more or less risk is an open question as trustees are required to act solely in the interests of plan participants and 

beneficiaries. Previous studies, however, have documented evidence consistent with the ability of the sponsoring 

firm to influence the investment policy of the trustees. For example, Petersen (1996) and Frank (2002) show that 

plan’s risk taking increases when plans are better funded and when the sponsor firms’ (non-pension) business risk 

is lower. 
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option. His empirical findings show that the better funded U.S. pension plans in his sample--

which should have less incentives to engage in excessive risk-taking-- in fact invest more in 

risky equity. Campbell & Viceira (2006) suggest that firms may choose to invest in riskier assets 

if they want to offer access to alternative investments which may not be available to individual 

investors. Alternatively, equity investing may hedge against increases in real wages if future 

earnings growth and stock returns are positively correlated (Lucas & Zeldes, 2006). Finally, 

Bergstresser, Desai & Rauh (2006) consider reporting regulations and show that the impact of 

risky pension investments on earnings creates an incentive to increase the volatility of the 

pension plan12.  

Recently, several studies have considered the effect of pension contributions on corporate 

policies. Shivdasani and Stefanescu (2010) point out that pension obligations are more senior to 

payments on debt and therefore pension contributions can have a significant impact on a 

company’s marginal tax rate for debt financing.  They show that firms with defined benefit plans 

realize substantial tax benefits from these plans and that the existence of such a pension plan 

significantly lowers the extent to which firms can afford to take on additional leverage. Rauh 

(2006) shows that a sponsor’s investment decreases when firms make cash contributions to their 

underfunded defined benefit pension plans. 

Our study also is related to the literature on corporate risk taking and ownership. There 

exist theoretical arguments for both positive and negative relationship between firms’ risk taking 

                                                           
12

 Future work is needed to examine the effect of the new Pension Protection Act (PPA) of 2006 on these 

incentives. Although PPA was introduced to improve plan funding and disclosure, its funding requirement could 

have a significant effect on cash flow for a company whose defined benefit pension plan is underfunded and 

managers may be tempted to artificially reduce the reported liability. Schultz & Francis (2008) document a new 

practice by some firm to move their executive benefit obligations into the pension plans for their rank and file 

employees. Under PPA, there is not requirement to contribute cash to the plan to fund these additional benefits 

when they are transferred into the plan, as long as the assets already in the plan are significant enough to result in 

adequate funding of the combined obligation. The potential loss to rank and file employees could be significant. 
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and their ownership. On the one hand, agency theory suggests that large shareholders who enjoy 

cash flow and control benefits from the companies they manage have greater incentives to 

increase firm value by investing in risky projects. On the other hand, diversification arguments 

suggest that if large shareholders have their wealth concentrated in a single firm, they may be 

less willing to undertake risky projects than if they owned a diversified portfolio of firms. 

Similar to our results, there is empirical evidence that concentrated ownership decreases the 

incentives for corporate risk taking. Wright et al. (1996) do not find support for the hypothesis 

that institutional owners have a significant and positive influence on risk taking because of their 

incentive to increase firm value through more risky projects, while Laeven and Levine (2009) 

document a positive relationship between risk taking and shareholder powers for U.S. banks. 

John et al. (2008) argue that private benefits are important to large shareholders and therefore 

they are only willing to take on conservative projects. Our paper offers additional empirical 

evidence related to the role of ownership structure in corporate risk taking.  

 

3. Research Design 

We estimate cross-sectional regressions, two-stage Heckman regressions and panel 

regressions. We report both OLS and IV estimation results. Our IV regressions take into account 

the endogeneity of some of the pension plan characteristics and plan’s investment risk. Since 

many of the sponsoring companies have more than one pension plan, we cluster the standard 

errors by sponsor in all specifications where the unit of observation is the individual plan. 
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3.1. Cross-sectional Regressions 

In our first set of cross-sectional results, we examine the relationship between a proxy for 

pension plan risk-taking and ownership. 

ijijijijij
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where our two measures of risk-taking are either Volatilityij or Rangeij. The first one, Volatilityij 

is the standard deviation of the returns on the beginning of year pension plan assets for plan i of 

sponsor j computed when at least five (year) observations are available, i.e. 
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, where rij,t is the annual plan return for 

plan i of sponsor j in year t, calculated using data from the IRS form 5500 and defined as 

investment income divided by beginning-of-year pension assets. The second measure, Rangeij is 

the difference between the maximum and minimum returns for plan i of sponsor j computed 

when at least five (year) observations are available, i.e. ( ) 5)min()max( ≥−∆ T|rr=r tij,tij,ij . The 

main advantage of the range measure is that it does not require an estimate (potentially very 

noisy) of the expected return of the plan. 

The explanatory variables of main interest are: first, the PubliclyTradedj indicator 

variable which equals one if sponsor j is a publicly traded company and zero otherwise; 

FundedStatusij, which is calculated as the sample average ratio of plan assets to liabilities based 

on the beginning-of-year assets and the RPA’94 current liabilities13 reported in the 5500 forms; 

                                                           
13

 Retirement Protection Act of 1994 (RPA '94) current liability is the present value of accumulated benefits on a 

termination basis using prescribed interest rate, mortality rate and other funding assumptions. 
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and ijonsContributi , which is a dummy variable that equals one if a sponsor’s contribution is 

positive and zero otherwise14. 

Petersen (1996) provides evidence that more mature pension plans with a greater 

proportion of the pension liabilities coming due in the near future invest more of the pension plan 

assets in bonds in order to better match the duration of the pension obligation. The variables 

Vestedij, Benefitsij and Ageij measure the duration of the pension plan’s liabilities. They are 

calculated as follows. The plan Ageij is measured as the log of one plus the plan age in years. The 

variable Vestedij is the percentage of the RPA ’94 current liability vested and Benefitsij is the 

benefit payments made by pension plan i of sponsor firm j divided by the average pension plan 

assets. Finally, the share of ActiveParticipantsij is a proxy for hedging demand by sponsors who 

hedge future wage growth as in Sundaresan and Zapatero (1997) and Lucas & Zeldes (2006). 

The controls include the plan Sizeij which is measured as the log of plan assets at the 

beginning of the year, and the net FSA balances (scaled by beginning of year assets)15. Current 

ERISA and IRC funding rules for DB pension plans permit sponsors of underfunded plans with 

FSA credit balances to forgo making contributions, even for severely underfunded plans. 

Comprix and Muller (2006) show that pension plans with high net FSA balances take higher 

investment risk. Finally, we include a dummy variable that equals one if the ith plan was 

terminated during the sample period and zero otherwise. Because of differences in the level of 

market movements across years, we include year-effects, an indicator Dt that equals one if the 

data from that year was used to calculate that observation and zero otherwise. 

                                                           
14

 The results remain the same if we measure contributions as the average contribution payments made by 

pension plan i of sponsor firm j divided by the average pension plan assets. These are available upon request. 
15

 Financial Services Authority (FSA) credit balances arise from transactions that improve plan funding, e.g. 

employer contributions. In the case when the pension plan becomes underfunded, the FSA credits can buffer 

sponsors from making further contributions since plans meet their minimum funding requirements so long as 

there are net FSA credits and regardless of the actual funding level of the pension plan. 
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Next, we examine the interactions of the sponsor’s ownership type with the other 

theoretically-motivated variables to determine empirically if the ownership type is relevant for 

existing theories (see discussion below). Our cross-sectional regression has the specification: 

ijijijij

ijjijij

jijijttij

e+Controls+icipantsActivePartβBenefitsβ+

+Vestedβ+adedPubliclyTronsContributiβ+onsContributiβ+
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We test whether the funded status of a pension plan has significant effect on the risk-

taking by testing the hypothesis that β1 ≠ 0. In particular, the literature (e.g. see Rauh 2009), has 

proposed alternative explanations, and we test for risk-shifting, β1 < 0, versus risk-management, 

β1 > 0. The hypothesis that pension plan managers minimize the contributions of the plan sponsor 

implies that we expect to find a significant coefficient β2 < 0. The literature (see for example 

Petersen (1996)) also suggests that shorter duration of pension liabilities on average implies 

lower risk-taking, and if any of the individual hypotheses β5 = 0 and β6 = 0 are rejected, then we 

expect to find β5 < 0 and β6 < 0 respectively. The hypothesis that employers hedge future wage 

growth of their employees, as suggested in Sundaresan and Zapatero (1997) and Lucas & Zeldes 

(2006), is tested for β7 ≠ 0, and if this coefficient is significant, we expect to find β7 > 0. 

Finally, we expect that there is a significant difference between publicly-held and 

privately-held sponsor’s plans, due to different managerial incentives to manipulate earnings. 

Any evidence of significant coefficients on interaction terms can be interpreted to indicate that 

there are important differences in incentives for pension plan risk-taking between private and 

public sponsors. 
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3.2. Endogenous Ownership Type and Sponsor Characteristics 

The choice of a firm to become publicly-traded or to remain privately-held raises 

potential sample selection issues in our econometric specification. Indeed, firms will make their 

choice to become listed on a stock market, or to remain private on the basis of the expected 

future changes in size, profitability and industry growth16. We address the issue of possible 

selection bias of this choice by using the Heckman (1979) two-stage approach. In a first stage, 

we use a probit model to estimate the effect of size, profitability and industry on the choice of the 

firm to be publicly-traded or privately owned. We then use the estimates of the probit model to 

compute the inverse Mills ratio for each sample sponsor. In the second stage, we introduce the 

inverse Mills ratio as a control variable for the correlation between the Public indicator variable 

and the second stage errors to for selection bias. The second stage of the Heckman two-stage 

estimation has the following regression specification: 

ijijjijij

ijijijttij
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         (3) 

where Lambda is the inverse Mills ratio estimated for each sponsor from the first stage probit 

model. Year effects (an indicator Dt as before) are included in all regressions. 

 

3.3. Public Sponsor Characteristics 

We consider the sub-sample of publicly traded sponsors. Equation (1) is modified to 

include sponsor’s characteristics: 

ijjjij
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 Using a dummy variable to pick up the effect of funding and contributions on risk taking in a pooled sample of 

public and private sponsors may not be appropriate if public sponsors self-select, i.e. the sample of traded firms 

may not be random. 
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Friedman (1982), Petersen (1996), Frank (2002) and Comprix and Muller (2006) provide 

evidence that sponsors offset their (non-pension) business risk by reducing the investment risk of 

the pension plan assets. We include CreditRatingj to capture this incentive. We expect 

CreditRating to be positively associated with risk taking, consistent with sponsors with lower 

business risk taking on relatively higher investment risk with their pension plan assets. The 

variable is measured as follows (see also Rauh (2009)).  We use a numerical scale for the S&P 

credit rating. We scale the COMPUSTAT credit rating variable so that values are between zero 

and one, with higher values implying better credit ratings. If the sponsor has an AAA credit 

rating with S&P, then the credit rating variable equals 0.929; if the sponsor has a D rating, then 

the credit rating variable has a value of 0.036, and each of the rating steps in between raises the 

credit rating variable by 0.036. Observations with no credit rating receive a value of zero. 

Petersen (1992) provides evidence that sponsors’ ability to generate funds internally 

influences the operation of defined benefit plans. He finds that sponsor firms’ inability to 

generate resources internally result in reduced plan contributions, more favorable actuarial 

assumptions to reduce required cash contributions, and in extreme cases, termination of 

overfunded pension plans. We include CashFlowj, calculated as cash flow from operations 

divided by total assets, to capture the ability of sponsor firms to generate resources internally. 

We expect risk taking and CashFlow to be positively associated for sponsors that manage 

liquidity risk, as in Petersen (1992). Finally, in addition to the pension plan controls we include 

sponsors’ controls. These are the sponsor’s size and leverage. 

In our first three sets of tests, we examine the differences in the volatility of individual 

pension plans computed using between five and twelve observations for each plan. We cannot 

calculate annualized variance of return estimates computed using higher frequency data since 
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only annual return data for DB pension plans are available from the IRS5500 forms. Hence, our 

measure of the volatility of annual returns for individual pension plans may suffer from 

considerable noise because of the small number of available observations underlying the 

variance estimates. However, as the volatility of returns is the dependent variable, the noise 

should reduce the power of our tests, but it should not lead to biased estimates. We further 

address this issue in our panel regressions below by using the realized volatility of daily asset-

class benchmark returns. 

 

3.4. Public Sponsor Panel Regressions 

The final set of results reports estimates from panel regressions of the annualized 

conditional volatility of daily returns on the pension plans’ asset-allocation benchmark portfolio 

on funded status, and other explanatory variables and controls. The panel regression has the 

following specification: 

jttjtjtj

tjtjtjtjjt

e+Controls+ngCreditRatiβ+CashFlowβ+cpantActivePartβ+

BenefitsβVestedβ+onsContributiβ+Fundedβ+β=Volatility

1,91,81,6

1,51,31,21,10

−−−

−−−− +
      (5) 

Our measure of risk (Volatilityjt) is the year t annualized volatility of daily returns on a 

portfolio invested in benchmark indexes with portfolio weights the jth sponsor’s asset-class 

holdings, i.e. jt

'

jjt ωΣω=σ  where ωj is a (k×1) vector of portfolio weights for the j
th sponsor 

and Σt is the time t annualized covariance matrix of daily benchmark return for k asset classes. 

The main explanatory variable of interest is FundingStatusj,t-1, which is now calculated as the 

ratio of plan assets to liabilities based on the beginning-of-year assets and liabilities. The controls 

include the plan Sizejt, which is measured as the log of plan assets and the sponsor leverage. All 

specifications include time dummies and fixed effects or industry effects. The panel specification 
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also addresses a potential endogeneity problem in the cross-sectional analysis, that funding 

decisions and risk are determined jointly by an unobserved variable that generates both high risk 

and poorly funded pensions. 

As before, we test the null hypothesis that the funded status of a pension plan has 

significant effect on the risk-taking, β1 ≠ 0, with alternatives for risk-shifting, β1 < 0, versus risk-

management, β1 >0. Next, the hypothesis that pension plan managers minimize the contributions 

of the plan sponsor implies a significant coefficient β2 < 0. Similarly, the hypotheses that longer 

duration of the pension liabilities is associated with higher risk-taking and that sponsors hedge 

future wages growth, etc. imply that we expect to find significant coefficients with signs as 

discussed above.  

 

4. Data 

We use four sources of data for this study. Corporate pension plans with more than 100 

participants are required to file annually a Form 5500 with the IRS. We restrict our sample to 

sponsor firms’ fiscal years ending 1995 to 2006. This time-period is advantageous to the testing 

of our hypotheses as no major regulatory changes were made to the funding rules for defined 

benefit pension plans17. For private sponsors, we obtain sponsor characteristics from ORBIS 

BVD18 using the sponsor’s name and employer identification number (EIN), for the period 2000-

2006. For publicly traded sponsors, we link the sponsors of each pension plan indicated on the 

Form 5500 filing with firms on COMPUSTAT using the sponsor’s name and EIN. 

                                                           
17
 We choose our sample period beginning at the enactment of the Retirement Protection Act of 1994 (RPA ‘94). 

The RPA ‘94 made the assumptions underlying the current liability calculation much more conservative than those 

previously enacted through the Omnibus Reconciliation Act of 1987 (OBRA ‘87). The RPA ‘94 became effective for 

plan years beginning in 1995. 
18

 ORBIS BVD dataset contains comprehensive information on 85 million public and private companies worldwide. 
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Our IRS Form 5500 sample of plan-level data consists of 138,954 observations on 20,849 

DB pension plans (unique sponsor EIN and plan number) and 15,700 sponsoring companies 

(unique EIN) for the period 1995 to 2006. Table 1 shows descriptive statistics for our sample. 

[Table 1 here] 

Panel A of the table shows that on average, the annualized volatility of pension plan 

returns was 9.2% and the average fund in our sample was over-funded at 105.3% ratio of assets 

to liabilities. The average fund has 125 million in pension assets, but the distribution is skewed 

and the large standard deviation is driven by very large funds. Note that most of the pension 

plans in our IRS 5500 sample, about 92 percent, are plans with privately-held sponsors. 2,016 

funds were frozen during the sample period and 1,764 were terminated. On average about 55 

percent of plan participants were active, the benefits paid were 9.82 percent of beginning of year 

assets, 94.37 percent of liabilities were vested. On average the pension plans sponsored by 

publicly traded firms are larger and older than those sponsored by private firms. They have a 

smaller share of active members, better funded status, lower employer contributions to assets 

ratio and higher return and volatility than plans with private sponsors. 

When we match the pension data obtained from the 5500 forms with ORBIS BVD data 

for the period 2000-2006, we obtain sponsor characteristics for 4,641 pension plans for 2,486 

privately-held sponsors and 846 public sponsors. We also combine the pension data obtained 

from the 5500 forms with COMPUSTAT data for the sub sample of 1,825 publicly traded 

sponsors for the same period. Panel B of Table 1 shows descriptive statistics for the publicly-

traded sponsors in our matched sample. 

The table shows that the average sponsor has 20.44 billion in assets and on average 

operating cash flow is 9.1 percent of asset. 56 percent of the sample sponsors have credit rating. 
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Finally, we link the pension data obtained from the 5500 forms to asset allocation data for 

the largest 1,000 US pension funds from the annual Pensions and Investments survey for the 

period 1996-2002. Matching the data by sponsor name provides 355 corporate plans that have at 

least one year of matching data. Panel C of Table 1 reports summary statistics for the asset 

allocations of plans.  

The table shows that the main driver of the total volatility is the equity asset class with an 

average allocation of 63% of pension assets. US equity on average represents 53% of pension 

assets and US fixed income on average represents 28% of pension assets. The alternative asset 

classes represent a small fraction of the average portfolio. For our panel regressions, we calculate 

returns for benchmark portfolios with portfolio weights the actual sponsors’ pension asset 

allocation. The benchmarks used are as follows19: 

• S&P 500 for domestic equity investment returns; 

• MSCI EAFE for international equity investment returns; 

• Barclay’s US Aggregate Bond Index for domestic fixed income investment returns; 

• Barclay’s Global Bond Index for global fixed income investment returns; 

• 13-month T-bill yield for money market investment returns; 

• NCREIF Property Index for real estate investment returns; 

• Venture Economics Private Equity index for private equity returns; 

• Barclay’s MBS Index for returns from mortgage investments; 

                                                           
19

 Our approach follows Ryan and Fabozzi (2002) who use the same data source (P&I survey). Panel A of Exhibit 2 in 

their paper shows plans asset allocations, Panel B of Exhibit 2 shows the annual return for each benchmark and 

Panel C shows the computed returns on the asset portfolio using the weights in Panel A for the period 1990-2001. 
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We then calculate the annualized daily volatility20 of the asset-allocation benchmark 

portfolios for each year in our panel and use in as our second measure of risk in specification 

(5)21. We now turn to the empirical results. 

 

5. Results 

5.1. Correlation Analysis 

We start our analysis by examining the correlation between the change in volatility and 

the change in pension liabilities funded status and sponsor’s contributions. There are arguments 

for both directions of the causality relationship.  It is a well-documented fact that as funding 

levels improve, pension plans increase the riskiness of their asset allocation (Rauh, 2009). 

However, it is also possible that pension plans increase the riskiness of their investment to avoid 

underfunding and higher contributions. A simple way to differentiate between these two 

opposing predictions is to test whether the change in volatility leads the change in funded status 

and contributions, or alternatively, the changes in funded status and contributions lead the 

change in volatility. 

Table 2 shows the correlation between the change in the funded status and contributions 

and the past and future changes in annualized daily volatility of the asset-allocation benchmark 

portfolios for the period 1996 – 2002. We calculate the change in the funded status and 

contributions from the previous year and the change in volatility for the last two years, the 

current year, and the next two years. 

                                                           
20 Some series are only available at the monthly frequency (e.g. real estate and mortgages indices). These series 
typically have very low weights in the pension portfolios. 
21

 The correlation between the volatility of realized pension returns and the volatility of benchmark portfolio 

returns is just over 60%. Since the correlation is calculated using between five and twelve observation it is very 

noisy. However, according to a well-known study by Brinson et al (1991) more than 90% of the variability of 

pension plan returns is the result of plan’s asset allocation policy. 
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[Table 2 here] 

Panel A of Table 2 shows that a change in funded status is not correlated with past 

changes in volatility. However, a change in funded status is positively correlated with the future 

changes in volatility, indicating that it is more likely that funding levels affect risk-taking. Panel 

B of Table 2 shows a similar result for contributions. Changes in contributions are not correlated 

with past changes in volatility. However, changes in contributions are negatively correlated with 

the future changes in volatility, indicating that it is more likely that contributions affect risk-

taking. 

The next section presents our regression results. We examine the relationship between 

pension plan characteristics such as funded status and contributions and investment risk and how 

sponsor’s ownership affects this relationship. 

 

5.2. Cross-sectional Analysis 

Our first set of results analyzes the role of funded status and contributions using the 

cross-sectional regression specifications (1) and (2). This main focus of this analysis is the 

distinction between the publicly-traded versus privately held sponsor and its impact on the risk-

taking of the pension plan. The results can also be interpreted as tests of several of the above 

models’ predictions about the relationship between the realized annual volatility of pension plan 

returns and the funded status of the pension plans. Our analysis allows us to explore whether the 

ownership status of the sponsor makes a difference for the empirical support of these models. 

Table 3 summarizes the cross-sectional results for specification (1). Panel A shows the 

regression results when the dependent variable is volatility and panel B reports the results when 
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the dependent variable is range. The standard errors reported in the table are clustered by 

sponsoring firm.  

[Table 3 here] 

The table presents evidence about the effect of sponsor’s ownership on the investment 

risk of its pension plan. The positive coefficient of Public is significant at the one-percent level 

and the effect of ownership is economically significant. For example, in the simple specifications 

without controls (columns 1-3) changing the ownership from privately held to publicly traded 

sponsor increases the volatility by 87 basis points and the range by240 basis points. These 

changes are large when compared to the means of the volatility (9.19%) and the range (26.92%). 

Consistent with previous studies we find that funded status has a positive effect on risk 

taking whereas contributions have a negative effect. All coefficients are significant at the one 

percent level. Columns (2) and (3) examine possible non-linarites in the relationship between 

risk-taking and funded status. Our results are not supportive of a nonlinear relationship. In 

particular, column (2) shows that the coefficient of the squared term for funded status is not 

significant whereas column (3) shows that there is no difference between the effect of over- and 

underfunded pension plan liabilities on risk-taking22. 

Columns (4) and (5) examine other significant determinants of risk taking. Plan age, 

vested liabilities and benefits all lead to reduced risk-taking with significant negative coefficients 

at conventional levels. The negative signs of these coefficients are consistent with the above 

theoretical models of pension liability risk management. For example, high vested liabilities 

imply lower risk taking, consistent with interest rate risk management and liability duration 

matching, as in Petersen (1996).  

                                                           
22

 The test statistics is F=1.76 for volatility and F=0.54 for range and the hypothesis of no difference in the 

coefficients of over and underfunded cannot be rejected at conventional significance levels. 
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Columns (1) to (5) report OLS estimates whereas column (6) reports 2SLS estimate 

where returns and share of active participants are used as instruments for funded status and 

contributions23. Our results remain the same when we account for the possibility of endogeneity 

between risk taking and pension plan characteristics. 

Table 4 summarizes the cross-sectional  results for specification (2). Panel A shows the 

regression results when the dependent variable is volatility and panel B reports the results when 

the dependent variable is range. The standard errors reported in the table are clustered by 

sponsoring firm. 

[Table 4 here] 

The table shows an economically significant positive effect of funded status for publicly-

traded sponsors. In the simple specification without controls, (column 1) changing the funded 

status by one standard deviation around the mean increases the plan volatility by 2.97% for 

private sponsors. The increase of 7.64% for public companies is more than two and a half times 

larger than for private sponsors. This difference between public and private sponsors is even 

stronger in the specifications with control variables. In these regressions, the coefficient of 

funded status is either much smaller or no longer significant whereas the coefficient of the 

interaction variable (Plublic*Fundedij) remains larger and significantly positive. This result 

implies that asset-liability structure matters only for the risk taking of pension plans with 

publicly-traded sponsors. This is a novel empirical result that is not explained by the existing 

theoretical literature. 

The other significant determinant of risk-taking is contributions. The level of 

contributions, on the other hand, is more important for the risk-taking of plans sponsored by 

private firms and this effect is not significant for plans with public sponsors in five out of eight 

                                                           
23

 We thank Joshua Rauh for his suggestion to estimate the 2SLS regressions. 
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regressions. For private firms’ pension plans, the coefficient on Contributions is negative and 

significant at the one percent level, while it is either positive or not significant for plans with 

public sponsoring firms. These results can be interpreted to indicate that access to public 

financial markets and possible cash constraints are relatively more important for private firms as 

cash contributions crowd out investment and other corporate expenses, while for public firms, 

the pension plan managers pay more attention to the funded status of pension liabilities, as this is 

often taken into account by equity analysts and credit rating agencies. Columns (5) and (6) report 

the results from 2SLS estimation24. The results remain the same when we control for 

endogeneity.  

To summarize, the improved funded status is associated with an increase in risk-taking, 

and this effect is significant for plans with publicly-traded sponsoring firms. The main 

determinants of pension plan risk taking are different for public and private firms. The fact that 

pension liability risk management depends on ownership suggests that theoretical models need to 

capture how the ownership structure of the sponsor creates different incentives for its pension 

plan risk-taking. 

 

5.3. Two-stage Regressions with Sponsor Characteristics 

We examine the robustness of our results with respect to endogenous choice of a firm to 

become publicly-traded, or to remain privately-held. We employ the Heckman (1979) two-stage 

approach. The results of the two stage regression are reported in Table 5. 

      [Table 5 here] 

                                                           
24

 To avoid nonlinear IV estimation, we split the sample and estimate specification (2) separately for public and 

private firms. 
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The table shows that the funded status of the pension plan remains a robust determinant 

of pension plan risk-taking for public sponsoring firms. The positive coefficient on funded status 

(row 1) is significant at the one-percent level in all specifications. The magnitude of the 

coefficients is very similar to those in Table 4, confirming the economic significance of the 

pension plan funded status.  On the other hand, Contributions, which is significant at the 1%, 

affect the net sponsor cash-flow, and their negative effect on risk taking is consistent with the 

evidence in Petersen (1992). These findings confirm his argument that the net cash-flow of the 

sponsor is an important determinant of pension plan risk-taking. The Benefits variable is a 

measure of the plan maturity and its negative sign is consistent with pension liability risk 

management i.e. liability duration matching, in Petersen (1996). There is also evidence to 

suggest that sponsor hedge future wage growth as in Sundaresan and Zapatero (1997) and Lucas 

& Zeldes (2006) as the coefficient of share of active participants is significantly positive in three 

of out of the four regressions.The overall conclusion is that improved funded status of the 

pension plan is associated with an increase in risk-taking, and more generally, there is evidence 

of pension liability management by publicly-traded sponsoring firms. 

 

5.4. Public Sponsor Characteristics 

Our next results are obtained from a more detailed investigation using additional data 

from the COMPUSTAT database. We characterize the risk-taking of pension plans of publicly-

traded sponsors using regression specification (4). These regressions control for sponsor 

characteristics like size, creditworthiness, leverage and availability of cash. Table 6 reports the 

cross-sectional regressions with sponsor characteristic controls. The standard errors are clustered 

by sponsoring firm. 
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     [Table 6 here] 

The table shows that for public firms the funded status is the only significant plan 

specific determinant of pension plan risk-taking once sponsor characteristics are included as 

explanatory variables. As in Table 5, the coefficient on funded status is positive and significant 

at the one percent level. The contributions coefficient is either not significant or negative and 

significant at the five and ten-percent levels. One sponsor characteristic, credit rating, has 

positive coefficient that is significant at the 5 percent level (columns 3 and 6). This variable is a 

proxy for the ability of the sponsor to honor its obligations: general creditworthiness implies that 

an existing pension deficit will not be realized in the near term. These results can be interpreted 

to indicate the importance of the financial strength of the sponsor and are consistent with the 

findings of Petersen (1992). 

Overall the results suggest that sponsor characteristics like size, cash-flow and 

creditworthiness, that proxy for financial strength, are positively associated with pension plan 

risk-taking for publicly-traded sponsoring firms. The finding that financially strong public 

sponsors take on more risk can be interpreted as market discipline affecting the investment 

policies of pension plans of publicly-traded firms. 

 

5.5. Conditional Volatility Panel Regressions 

Our fourth set of results characterizes the conditional risk-taking of pension plans using 

the panel regression specification (5). The asset allocations of the plans are used to construct 

asset allocation benchmark portfolios from asset-class indexes. The realized conditional 

volatility of these benchmark portfolios is a proxy for the conditional volatility of the plan. The 

results on the conditional volatility of pension plan allocation benchmark portfolios are presented 
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in Table 7. We consider specifications with industry controls as well as specifications with fixed 

effects. 

     [Table 7 here] 

The table shows that the funded status of pension liabilities remains an important 

determinant of the conditional risk taking of pension plans, corroborating the cross-sectional 

results above. The coefficient of the funded status is positive and significant for all specifications 

at conventional levels, suggesting that relatively better funded plans take on more risk over time. 

The general fixed effects specification shows that the sponsor characteristics, especially 

cash-flow (significant at the one percent level) are significant explanatory variables. Overall, the 

results are consistent with our cross-sectional analysis and show that for public sponsors 

increased risk-taking is driven by improved funded status and by the financial strength of the 

sponsor. Our results once again highlight the importance of sponsor ownership for the 

relationship between risk taking and pension plan characteristics. In contrast to the importance of 

contributions for the investment risk of plans sponsored by private firms, the results in Table 7 

that contributions are not a significant determinants for public sponsors. 

 

5.5. Additional Robustness Tests 

We estimated specifications that employ an alternative measure of pension plan risk-

taking. The likelihood that the pension plan is frozen or terminated can serve a proxy for risk 

taking since higher risk is associated with a lower probability of pension plan survival. The 

relationship between plan closure and the asset-liability structure also captures differences in the 

incentives of public and private sponsors to terminate or freeze the pension plans.  
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The results (not reported here, available upon request) show that the probability of 

pension plan closure increases with under-funding for plans with public sponsors, but not for 

plans with private sponsors. Moreover, contributions, vested liabilities, benefits and the share of 

active participant are significant drivers of pension plan closures for both public and private 

pension plans. In particular, higher contributions, vested liabilities and benefits lead to increased 

likelihood of plan closures, while a higher share of active participants implies a lower probability 

of plan closure.  

In our panel regressions, we have considered additional specifications with industry 

controls as well as fixed effects that include different combinations of control variables. The 

main findings reported above are robust across the specifications.  For example, including the 

lagged return in specification (5) decreases the statistical significance because we lose about 

40% of the observations but the results are qualitatively similar with coefficients that have the 

same sign and are of similar magnitude.  

Overall, our robustness tests suggest that the empirical relationships documented in this 

paper are robust, while the testable predictions of the theoretical models in the current literature, 

when taken individually, cannot explain the rich empirical pattern of pension plan risk taking. 

Instead, the existing theoretical models can be viewed as complementary and need to be 

incorporated into a more general framework that highlights the multiple trade-offs of sponsors 

and agents when they optimize pension plan investments.  

 

6. Conclusion 

This paper uses a large sample of corporate DB pension plans sponsored by private and 

public firms to investigate the relationship between the plan risk-taking and its asset-liability 
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structure, as well as the ownership and financial characteristics of the sponsoring company. First, 

we examine the cross-sectional relationship between different measures of pension plan risk and 

the funded status of pension liabilities, as well as the ownership of the sponsor. Next, taking into 

account the time-varying asset-liability structure and investment opportunity set, we also 

characterize the conditional risk-taking of pension plans in a panel dataset of pension plan asset 

class holdings of publicly-traded sponsor companies. 

We test empirically whether the sponsor’s private versus public ownership matters for 

several theoretically motivated hypotheses about the relationship between total risk and asset-

liability structure. We document a robust positive effect of the funded status of the plan’s 

pension liabilities on the plan risk-taking, that are qualitatively different for publicly-traded 

versus privately-held sponsors. These findings cannot be readily interpreted within the popular 

models of pension plan risk-taking. The significance of the ownership structure suggests that 

future theoretical analysis of pension plan risk-taking would require a broader modelling 

framework that incorporates managerial and other stakeholder incentives for alternative types of 

sponsor ownership structure. 
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Table 1: Descriptive Statistics for US Defined Benefit Pension Plan and their Sponsors 

Panel A: Descriptive Satistics for Pension Plans (IRS 5500 sample, 1995-2006)

Variables

mean std. dev median mean std. dev median mean std. dev median T statistics

Plan volatility 9.19% 2.68% 9.50% 9.10% 2.70% 9.42% 10.08% 2.29% 10.25% -13.28***

Plan Asset Return 10.15% 4.59% 9.59% 10.03% 4.56% 9.49% 11.36% 4.71% 10.69% -11.57***

Plan Size (Million USD) 125.00 967.00 10.70 94.10 724.00 9.91 487.00 2350.00 37.70 -18.14***

Plan Age 29.56 15.04 30.00 29.26 14.81 30.00 33.05 17.09 33.00 -23.47***

Funded Status 105.30% 27.26% 99.32% 104.77% 26.84% 98.89% 110.92% 30.85% 103.53% -8.19***

Share of Active Paticipants 54.86% 23.45% 56.99% 55.50% 23.41% 57.72% 48.11% 22.79% 49.61% 13.20***

Vested Liabilities 94.37% 7.28% 96.23% 94.33% 7.42% 96.24% 94.79% 5.56% 96.08% -3.26***

Benefits 9.82% 27.21% 5.95% 10.00% 28.25% 5.95% 7.83% 10.96% 5.96% 6.64***

FSA Balance 10.26% 69.01% 4.04% 9.97% 62.83% 3.92% 13.29% 115.57% 5.03% -1.21

Contibutions 7.70% 9.34% 5.22% 7.92% 9.47% 5.40% 5.45% 7.42% 3.21% 13.22***

Dummy_contributions 39.07% 48.79% 0.00% 40.03% 0.00% 37.95% 48.53% 0.00% 2.25**

Plans Frozen 9.68% 9.86% 7.78%

Plans Terminated 8.47% 8.80% 5.04%

Panel B: Descriptive Satistics for DB Plan Sponsors (IRS 5500 & COMPUSTAT sample, 1995-2006)

Sponsor Size (Billion USD) 20.44 49.27 8.61

Profitability 3.49% 9.75% 3.71%

Cash Flow 9.22% 6.64% 8.98%

Leverage 21.86% 15.40% 20.47%

Dummy_rating 54.04%

Panel C: Asset Allocation for DB Plans (IRS 5500, COMPUSTAT & P&I sample, 1996-2002)

US equity 53.21% 13.99% 52.00%

US fixed income 27.95% 12.02% 27.00%

Foreign equity 9.92% 8.20% 11.00%

Foreign fixed income 0.95% 3.29% 0.00%

Cash 2.04% 4.18% 1.00%

Private equity 1.70% 3.14% 0.00%

Real estate 2.18% 3.05% 0.00%

Mortgages 0.11% 1.23% 0.00%

Other asset classes 1.96% 5.28% 0.00%

All Plans Private Sponsor Public Sponsor

Volatility is calculated as the standard deviation of returns. Return is the ratio of investment income to beginning of year 

(BOY) pension assets.  Size is log of BOY pension assets. Funded status=BOY Assets/Liabilities. Benefits, FSA Balance and 

Contributions are scaled by BOY pension assets. Dummy_contributions is one is sponsor contribution is positive and zero 

otherwise. Profitability is the ratio of net income to total assets; Dummy_rating is 1 if the company has a credit rating and 0 

otherwise; Leverage=Long term debt/(Common equity+Long term debt).



Table 2: Correlation Analysis

Panel A: Correlation between Changes in Risk-taking and Changes in Funded Status 

∆ last 2 years ∆ last year ∆ current year

∆ current & 

next year

∆ current & 

next 2 year

∆ Funded Status 0.0208 0.0336 0.0741 -0.0798 0.0380

(0.4925) (0.2663) (0.0159) (0.0010) (0.2091)

Panel B: Correlation between Changes in Risk-taking and Changes in Contributions

∆ last 2 years ∆ last year ∆ current year

∆ current & 

next year

∆ current & 

next 2 year

∆ Contributions -0.0044 -0.0042 -0.1036 -0.0934 -0.0562

(0.8854) (0.3892) (0.0007) (0.0023) (0.0675)

Past Changes in ∆Volatility Current and Future Changes in ∆Volatility

Past Changes in ∆Volatility Current and Future Changes in ∆Volatility

The table shows the coefficients and the p-values of the correlation between the change in pension plan 

volatility and the change in its funded status or contributions. ∆ is the symbol for change. Volatility is the 

annualized volatility of daily returns on a portfolio invested in benchmark indexes with portfolio weights the 

sponsor’s asset allocation.



Table 3: Cross-section Regression: Ownership and Risk-taking 

(IRS 5500 Data, 1995-2006)

Panel A: Volatility as a Measure of Risk Taking

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

Public 0.0087 0.0087 0.0087 0.0053 0.0044 0.0019

(0.0006)*** (0.0006)*** (0.0006)*** (0.0006)*** (0.0006)*** (0.0009)**

Funded Status 0.0065 0.0135 0.0028 0.0023 0.0599

(0.0010)*** (0.0047)*** (0.0010)*** (0.0010)** (0.0053)*** 

Funded Status
2

-0.0028

(0.0018)

Funded Status≥1 0.0075

(0.0013)***

Funded Status<1 0.0085

(0.0018)***

Contributions -0.0047 -0.0045 -0.0047 -0.0059 -0.0046 -0.0228

(0.0007)*** (0.0007)*** (0.0007)*** (0.0007)*** (0.0007)*** (0.0042)***

Plan Size 0.0028 0.0021 0.0014

(0.0001)*** (0.0001)*** (0.0002)***

Plan Age 0.0001 -0.0009 -0.0088

(0.0012)*** (0.0004)** (0.0010)***

Share of Active Participants 0.0002 -0.0005

(0.0012) (0.0011)

Vested Liabilitites -0.0149 -0.0103 -0.0153

(0.0041)*** (0.0040)*** (0.0087)***

Benefits -0.0030 -0.0025 0.0016

(0.0011)*** (0.0010)*** (0.0019)

FSA Balance -0.0009 -0.0009 -0.0006

(0.0006) .000494 (0.0006)

Terminated Plans -0.0010 -0.0001 -0.0004

(0.0006) (0.0006) (0.0007)

Pension Return 0.2684

(0.0091)***

Number of plans 14,089 14,089 14,089 14,089 14,089 14,089

Number of sponsors 11,367 11,367 11,367 11,367 11,367 11,367

Adj. R
2

11.23% 11.24% 11.24% 14.28% 19.24%  

Panel A: the dependent variable (Volatility ) is the standard deviation of pension plan returns on the beginning of year 

pension plan assets. Panel B: the dependent variable (Range) is the difference between the maximum and minimum  

pension plan returns. Columns (1) to (5) report OLS estimates. Column (6) reports estimates from 2SLS regressions where 

the realized returns and the share of active participants are instruments for funded status and contributions. Fixed-year 

effects, an indicator Dt that equals one if the data from that year was used to calculate that observation and zero otherwise, 

are included in all regressions but not reported. Standard errors robust to sponsor cluster effects are reported in 

parentheses. 



Panel B: Range as a Measure of Risk Taking

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

Public 0.0241 0.0242 0.0241 0.0140 0.0112 0.0143

(0.0018)*** (0.0018)*** (0.0018)*** (0.0019)*** (0.0018)*** (0.0029)***

Funded Status 0.0174 0.0488 0.0069 0.0038 0.1933

(0.0030)*** (0.0139)*** (0.0030)** (0.0019)** (0.0161)***

Funded Status
2

-0.0124

(0.0073)

Funded Status≥1 0.0191

(0.0037)***

Funded Status<1 0.0206

(0.0052)***

Contributions -0.0128 -0.0121 -0.0130 -0.0172 -0.0128 -0.0648

(0.0021)*** (0.0021)*** (0.0021)*** (0.0021)*** (0.0020)*** (0.0127)***

Plan Size 0.0084 0.0059 0.0034

(0.0004)*** (0.0004)*** (0.0006)***

Plan Age -0.0065 -0.0048 -0.0308

(0.0015)*** (0.0014)*** (0.0031)***

Share of Active Participants 0.0012 -0.0013

(0.0035) (0.0033)

Vested Liabilitites -0.0473 -0.0353 -0.2458

(0.0123)*** (0.0118)*** (0.0276)***

Benefits -0.0100 -0.0070 0.0064

(0.0031)*** (0.0030)** (0.0061)

FSA Balance -0.0021 -0.0023 0.0007

(0.0015) (0.0015) (0.0019)

Terminated Plans -0.0043 -0.0013 -0.0043

(0.0019)** (0.0018) (0.0025)*

Pension Return 0.8810

(0.0268)***

Number of plans 14,089 14,089 14,089 14,089 14,089 14,089

Number of sponsors 11,367 11,367 11,367 11,367 11,367 11,367

Adj. R
2

22.12% 22.15% 22.12% 24.81% 30.15%  



Table 4: Cross-section Pension Plan Regression

(IRS 5500 Data, 1995-2006)

Panel A: Volatility as a Measure of Risk Taking

Private Sposor Public Sponsor

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

Funded Status 0.0052 0.0023 0.0023 -0.0014 0.0366 0.0928

(0.0010)*** (0.0010)** (0.0011)*** (0.0011) (0.0093)*** (0.0253)***

Public*Funded Status 0.0069 0.0034 0.0032 0.0047

(0.0007)*** (0.0007)*** (0.0015)** (0.0015)***

Contributions -0.0051 -0.0065 -0.0063 -0.0049 -0.1114 0.0199

(0.0007)*** (0.0007)*** (0.0008)*** (0.0007)*** (0.0106)*** (0.0122)*

Public*Contributions 0.0024 0.0036 0.0011 0.0009

(0.0016) (0.0016)** (0.0021) (0.0021)

Plan Size 0.0029 0.0031 0.0023 0.0031 0.0021

(0.0001)*** (0.0002)*** (0.0002)*** (0.0003)*** (0.0007)***

Public*Plan Size -0.0011 -0.0007

(0.0003)*** (0.0003)**

Plan Age -0.0014 -0.0012 -0.0006 -0.0094 -0.0085

(0.0005)*** (0.0005)** (0.0005) (0.0012)*** (0.0021)***

Public*Plan Age -0.0005 -0.0009

(0.0013) (0.0013)

Share of Active Participants 0.0002 -0.0009 -0.0013

(0.0012) (0.0013) (0.0012)

Public*Share of Active Participants 0.0070 0.0063

(0.0027)*** (0.0027)**

Vested Liabilitites -0.0142 -0.0165 -0.0135 -0.0803 -0.0922

(0.0041)*** (0.0042)*** (0.0041)*** (0.0109)*** (0.0179)***

Public*Vested Liabilitites 0.0211 0.0221

(0.0063)*** (0.0061)***

Benefits -0.0034 -0.0161 -0.0123 0.0030 0.0014

(0.0011)*** (0.0023)*** (0.0022)*** (0.0048) (0.0017)

Public*Benefits 0.0160 0.0124

(0.0026)*** (0.0025)***

FSA Balance -0.0009 -0.0007 -0.0006 -0.0008 -0.0034

(0.0005)* (0.0006) (0.0005) (0.0011) (0.0024)

Public*FSA Balance -0.0013 -0.0018

(0.0014) (0.0013)

Terminated Plans -0.0010 -0.0003 0.0006 -0.0048 0.0012

(0.0006) (0.0007) (0.0007) (0.0014)*** (0.0027)

Public*Terminated Plans -0.0022 -0.0033

(0.0019) (0.0019)

Pension Return 0.2816

(0.0097)***

Public*Pension Return -0.0961

(0.0971)

Number of plans 14,089 14,089 14,089 14,089 11,773 2,316

Number of sponsors 11,367 11,367 11,367 11,367 9,955 1,412

Adj. R
2

11.17% 14.25% 14.80% 19.58%

Panel A: the dependent variable (Volatility ) is the standard deviation of pension plan returns on the beginning of year 

pension plan assets. Panel B: the dependent variable (Range) is the difference between the maximum and minimum  

pension plan returns. Columns (1) to (4) report OLS estimates. Columns (5) to (6) report estimates from 2SLS regressions 

where the realized returns and the share of active participants are instruments for funded status and contributions. Fixed-

year effects, an indicator Dt that equals one if the data from that year was used to calculate that observation and zero 

otherwise, are included in all regressions but not reported. Standard errors robust to sponsor cluster effects are reported 

in parentheses. 



Panel B: Range as a Measure of Risk Taking

Private Sposor Public Sponsor

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

Funded Status 0.0052 0.0053 0.0045 0.0075 0.1161 0.3143

(0.0010)*** (0.0031)* (0.0013)*** (0.0033)** (0.0302)*** (0.0794)***

Public*Funded Status 0.0069 0.0092 0.0098 0.0173

(0.0007)*** (0.0021)*** (0.0035)*** (0.0073)***

Contributions -0.0051 -0.0185 -0.0184 -0.0139 -0.3659 -0.1149

(0.0007)*** (0.0022)*** (0.0022)*** (0.0022)*** (0.0342)*** (0.0652)*

Public*Contributions 0.0024 0.0097 0.0043 0.0037

(0.0016) (0.0047)** (0.0022)** (0.0061)

Plan Size 0.0084 0.0091 0.0064 0.0093 0.0074

(0.0004)*** (0.0005)*** (0.0004)*** (0.0011)*** (0.0023)***

Public*Plan Size -0.0036 -0.0021

(0.0009)*** (0.0008)**

Plan Age -0.0065 -0.0063 -0.0042 -0.0330 -0.0282

(0.0015)*** (0.0016)*** (0.0015)*** (0.0038)*** (0.0065)***

Public*Plan Age 0.0002 -0.0012

(0.0039) (0.0037)

Share of Active Participants 0.0012 -0.0026 -0.0040

(0.0035) (0.0037) (0.0036)

Public*Share of Active Participants 0.0235 0.0207

(0.0081)*** (0.0078)***

Vested Liabilitites -0.0478 -0.0530 -0.0430 -0.2674 -0.2958

(0.0123)*** (0.0126)*** (0.0121)*** (0.0354)*** (0.0561)***

Public*Vested Liabilitites 0.0512 0.0535

(0.0186)*** (0.0180)***

Benefits -0.0100 -0.0457 -0.0331 0.0172 0.0043

(0.0031)*** (0.0068)*** (0.0065)*** (0.0149) (0.0055)

Public*Benefits 0.0449 0.0331

(0.0076)*** (0.0074)***

FSA Balance -0.0020 -0.0019 -0.0015 -0.0022 -0.0072

(0.0015) (0.0017) (0.0016) (0.0036) (0.0075)

Public*FSA Balance -0.0024 -0.0042

(0.0040) (0.0039)

Terminated Plans -0.0043 -0.0026 0.0005 -0.0174 0.0053

(0.0019)** (0.0020) (0.0020) (0.0046)*** (0.0086)

Public*Terminated Plans -0.0047 -0.0080

(0.0057) (0.0055)

Pension Return 0.9198

(0.0286)***

Public*Pension Return -0.2802

(0.0580)***

Number of plans 14,089 14,089 14,089 14,089 11,773 2,316

Number of sponsors 11,367 11,367 11,367 11,367 9,955 1,412

Adj. R
2

22.09% 24.79% 25.09% 30.42%



Table 5: Cross-section Regression with Sponsor Characteristics

(IRS 5500 & ORBIS Data, 2000-2006)

Varaiable 

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

Funded Status 0.0128 0.0179 0.0180 0.0341 0.0467 0.0474

(0.0035)*** (0.0035)*** (0.0035)*** (0.0100)*** (0.0102)*** (0.0101)***

Contributions -0.0093 -0.0097 -0.0092 -0.0303 -0.0327 -0.0315

(0.0025)*** (0.0026)*** (0.0025)*** (0.0073)*** (0.0075)*** (0.0074)***

Plan Size 0.0016 0.0013 0.0034 0.0025

(0.0005)*** (0.0005)*** (0.0014)*** (0.0013)*

Plan Age -0.0003 -0.0002 -0.0003 -0.0003

(0.0005) (0.0005) (0.0013) (0.0013)

Share of Active Participants 0.0060 0.0084 0.0246 0.0303

(0.0042) (0.0042)** (0.0123)** (0.0124)***

Vested Liabilitites 0.0071 0.0147 0.0267 0.0457

(0.0145) (0.0141) (0.0420) (0.0407)

Benefits -0.0635 -0.0696 -0.1730 -0.1864

(0.0158)*** (0.0165)*** (0.0460)*** (0.0482)***

FSA Balance -0.0086 -0.0094 -0.0150 -0.0178

(0.0057) (0.0057)* (0.0165) (0.0166)

Terminated Plans -0.0023 -0.0020 -0.0030 -0.0022

(0.0025) (0.0025) (0.0072) (0.0072)

Sponsor Size 0.0044 0.0114

(0.0011)*** (0.0032)***

Sponsor Profitability -0.0131 -0.0233

(0.0156) (0.0454)

Lambda -0.0250 -0.0195 0.0083 -0.0689 -0.0574 0.0138

(0.0033)*** (0.0037)*** (0.0078) (0.0095)*** (0.0107)*** (0.0226)

Number of plans 4,641 4,641 4,641 4,641 4,641 4,641

Number of public sponsors 884 884 884 884 884 884

Number of private sponsors 2,486 2,486 2,486 2,486 2,486 2,486

Columns (1) to (3): the dependent variable (Volatility ) is the standard deviation of pension plan returns on 

the beginning of year pension plan assets. Columns (4) to (6): the dependent variable (Range ) is the 

difference between the maximum and minimum  pension plan returns. Lambda is the inverse Mills ratio 

estimated for each sponsor from the first step Probit model. Industry and fixed-year effects (an indicator D t 

that equals one if the data from that year was used to calculate that observation and zero otherwise) are 

included in all regressions but not reported. Standard errors robust to sponsor cluster effects are reported in 

parentheses.

Volatility Range



Table 6: Cross-section Regression for Publicly Traded Sponsors  

(IRS 5500 & COMPUSTAT Data, 1995-2006)

Varaiable 

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

Funded Status 0.0110 0.0062 0.0127 0.0131 0.0045 0.2510

(0.0032)*** (0.0013)*** (0.0030)*** (0.0058)** (0.0019)*** -0.0559

Contributions -0.0007996 -0.0041 0.0088 -0.0409 -0.0267 0.1780

(0.0012) (0.0016)*** (0.0065) (0.0215)* (0.0275) (0.1227)

Plan Size 0.0001 -0.0015 0.0007 -0.0025

(0.0005) (0.0010) (0.0009) (0.0018)

Plan Age -0.0002 -0.0003 0.0007 -0.0010

(0.0002) (0.0002) (0.0030) (0.0045)

Share of Active Participants 0.0008 0.0167

(0.0005)* (0.0083)***

Vested Liabilitites -0.0047 -0.0026 -0.0759 -0.0325

(0.0016)*** (0.0032) (0.0288)*** (0.0602)

Benefits -0.0004 -0.0003 -0.0012 -0.0009

(0.0017) (0.0002) (0.0030) (0.0041)

FSA Balance -0.0002 0.0015 -0.0011 0.0326

(0.0005) (0.0008)* (0.0092) (0.0156)**

Sponsor Size 0.0021 0.0012 0.0033 0.0013

(0.0007)*** (0.0001)*** (0.0013)*** (0.0018)

Cash Flow 0.0013 0.0011 0.0336 0.0237

(0.0019) (0.0009) (0.0332) (0.0162)

Leverage -0.0007 -0.0067 -0.0130 -0.1289

(0.0006) (0.0031)** (0.0104) (0.0589)**

Credit Rating 0.0008 0.0010 0.0110 0.0155

(0.0003)*** (0.0003)*** (0.0051)** (0.0069)**

Number of plans 2,088 2,088 2,088 2,088 2,088 2,088

Number of sponsors 1,201 1,201 1,201 1,201 1,201 1,201

Adj. R
2

25.64% 28.42% 36.80% 38.77%

Columns (1) to (3): the dependent variable (Volatility ) is the standard deviation of pension plan returns on 

the beginning of year pension plan assets. Columns (4) to (6): the dependent variable (Range ) is the 

difference between the maximum and minimum  pension plan returns. Columns (3) and (6) present 2SLS 

results where where the realized returns and the share of active participants are instruments for funded 

status and contributions. Industry and fixed-year effects (an indicator Dt that equals one if the data from 

that year was used to calculate that observation and zero otherwise) are included in all regressions but not 

reported. Standard errors robust to sponsor cluster effects are reported in parentheses.

Volatility Range



Table 7: Panel Regression for Publicly Traded Sponsors  

(IRS 5500, COMPUSTAT & P&I Data, 1996-2002)

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

Funded Status 0.0142 0.0174 0.0177 0.0136 0.0193 0.0103

(0.0021)*** (0.0023)*** (0.0026)*** (0.0048)*** (0.0085)** (0.0060)*

Contributions -0.0009 -0.0019 -0.0015 -0.0029 0.0022 0.0299

(0.0013) (0.0014) (0.0015) (0.0017)* (0.0231) (0.0271)

Plan Size 0.0006 -0.0002 0.0104 0.0027 0.0020

(0.0003)** (0.0003) (0.0017)*** (0.0026) (0.0015)

Plan Age -0.0001 -0.0005 -0.0004 0.0001 -0.0002

(0.0000)*** (0.0004) (0.0005) (0.0001) (0.0001)**

Share of Active Participants 0.0088 0.0096 0.0534

(0.0029)*** (0.0031)*** (0.0076)***

Vested Liabilitites -0.0149 0.0158 -0.0031 -0.0382 -0.0088

(0.0073)** (0.0099) (0.0138) (0.0387) (0.0154)

Benefits -0.0088 -0.0069 -0.0337 -0.0047 -0.0010

(0.0107) (0.0121) (0.0206)* (0.0028)* (0.0011)

FSA Balance 0.0230 0.0225 0.0271 0.0047 0.0281

(0.0039)*** (0.0043)*** (0.0085)*** (0.0027)* (0.0137)**

Sponsor Size 0.0029 0.0279 0.0314 0.0253

(0.0006)*** (0.0028)*** (0.0666) (0.0332)

Cash Flow -0.0001 -0.0001 0.0005 -0.0003

(0.0002) (0.0003) (0.0004) (0.0028)

Leverage -0.0272 -0.0032 -0.0093 -0.0288

(0.0136)** (0.0172) (0.0520) (0.0198)

Credit Rating 0.0155 -0.0071 0.0117 0.0123

(0.0032)*** (0.0051) (0.0081) (0.0066)*

Industry Dummies Yes Yes Yes No Yes No

Fixed Effects No No No Yes No Yes

Number of sponsors 355 355 355 355 355 355

Adj. R
2

33.62% 35.66% 39.67% 41.83%

The dependent variable (Volatility) is the annualized volatility of daily returns on a portfolio invested in 

benchmark indexes with portfolio weights the sponsor’s asset allocation. Columns (1)-(4) report OLS 

estimates. Columns (5)-(6) report 2SLS estimates where funded status and contributions are instrumented 

with lagged return and share of active participants. Year effects are included in all regressions but are not 

reported. Robust standard errors are reported in parenthesis.


