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1. Introduction 

People’s pensions are an important source of retirement income. Although the risk 

associated with pensions varies widely depending on the pension scheme, all pension plans 

expose their participants’ pension savings to some market risk. This is clearest in defined 

contribution plans, where people divert part of their savings into a long-term investment 

account.1 Yet even defined benefit plans, where participants are guaranteed an annuity based 

on their wage history when they retire, also expose their participants to pension risk. Defined 

benefit plans traditionally take most of the market risk upon themselves since the terms of 

the annuities they offer are independent of market performance. However, since population 

aging puts pressure on the funding of traditional defined benefit plans, many of them have 

now transitioned to hybrid plans.2 Hybrid defined benefit plans shift some market risk to their 

participants by conditioning pension benefits and contribution rates on the performance of 

the economy. This approach makes benefits conditional on the pension fund's financial 

position and is therefore linked to the performance of financial markets (Ponds and Van Riel 

2009). The additional market risk is likely to affect the behavior and welfare of pension fund 

participants. 

In this paper we quantify the effects of this pension risk on people’s investment portfolios. 

To do this we exploit a 2007 pension reform in The Netherlands that suddenly exposed 

people’s defined benefit pensions to stock market risk. Before the reform, retirement in The 

Netherlands was typically organized in standard defined benefit schemes. The reform linked 

pension funds’ funding ratio—the ratio of the fund’s assets to its liabilities—to the benefits 

people receive and the pension contributions they make. This effectively exposed people to 

market risk through their pensions. It also transformed each pension fund’s funding ratio into 

a time-varying, fund-specific measure of the pension risk borne by each fund member. To 

quantify the effects of pension risk, we link data on pension fund performance from the Dutch 

National Bank (DNB) to the DNB Household Survey (DHS), a representative survey of 

Dutch households that includes detailed information on their savings and investments. We 

then estimate the effect of pension risk on people’s investment behavior using the within-

pension fund and within-year variation in pension risk while controlling for a rich set of 

observable characteristics. Since Dutch pension funds are organized by industry, this 

 
1 These pension plans include 401(k)s in the United States, private personal pension schemes in the United Kingdon, and 

mandatory superannuation funds in Australia.  
2 Defined benefit and hybrid defined benefit schemes are currently in place in several OECD and non-OECD countries and 

are the predominant retirement scheme in countries like Germany, The Netherlands, Luxembourg, and Switzerland. In the 

United States and Canada, 56 percent and 97.5 percent of occupational plans are (hybrid) defined benefit plans (OECD 

Pension Markets in Focus, 2016). 
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approach addresses the main concern of selection of workers into occupations or pension 

funds with different risk profiles. Our empirical strategy implies that the only remaining 

source of endogeneity in our findings would need to i) be unaccounted for by our extensive 

set of controls, ii) be time-varying within each industry or pension fund, iii) affect people in 

the same way pension risk would, and iv) have an effect large enough to drive our results. 

These types of confounders are very difficult to imagine.  

Our results show that people who participate in pension funds with a one standard 

deviation higher funding ratio—and therefore have safer pensions—are 5.6 percentage points 

more likely to invest in risky assets and invest 2.7 percentage points more of their wealth in 

these assets, mostly taking this amount from their cash savings. This effect cannot be 

explained by time-varying characteristics such as people’s labor market status, wealth, 

income, or family composition, nor can it be explained by aggregate market movements or 

time-invariant characteristics of the pension funds themselves, such as systematic sorting of 

people into occupations (and thus pension funds). Consistent with these effects truly 

identifying a change in people’s investment behavior, we show that the impact of pension 

risk is stronger for people who are a priori more likely to exhibit a behavioral response, 

specifically: i) those who reported receiving an overview of their pension status in the last 

year, ii) those who report being aware of their pension fund’s indexation policy, and iii) 

retirees, whose main source of income is pension benefits. Moreover, the impact of funding 

ratios on people’s investment behavior only occurs in the postreform period. Finally, we 

provide evidence that the effect of pension risk is chiefly driven by a “pure risk” component 

and is inconsistent with a first-order “wealth” effect (i.e., by the implied drop in pension 

wealth). 

Our findings contribute to the literature on background risk and portfolio choice by 

providing the first quasi-experimental evidence of the effects of pension risk using microlevel 

data. Most empirical evidence in this field comes from calibrated lifecycle models and does 

not use quasi-experimental identification. Heaton and Lucas (2000) provide an excellent 

review of this literature and tackle the issue of labor and housing background risk and 

portfolio choice by calibrating optimal individual decisions under different market frictions 

in the presence of tradable and non-tradable risk. Using a similar approach, Gomes and 

Michaelides (2005) provide additional evidence on the role of background risk in explaining 

stock market investment and participation rates by modeling fixed investment costs and 
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heterogeneity in people’s risk aversion.3 Our paper complements their findings by directly 

estimating the effects of background risk—which is only assumed and calibrated in these 

models—using quasi-experimental variation and individual-level data. Our approach is more 

similar to the studies that estimate the effects of personal and household characteristics on 

their investment behavior. In this literature, Curcuru et al. (2004) address pension risk by 

using cross-sectional data to show that participation in a defined benefit plan is uncorrelated 

to stock ownership.  Guiso et al. (1996), Rosen and Wu (2004), Edwards (2008, 2010), 

Cardak and Wilkins (2009), and Angerer and Lam (2009) show strong correlations between 

portfolio choice and background risk from sources such as labor and health. Yet none of these 

studies can directly measure time-varying proxies of background pension risk, nor do they 

exploit quasi-experimental sources of variation to identify their estimates.  

Conceptually, the most similar study to ours is Fagereng et al. (2016), which isolates the 

effect of background wage risk on people’s investment behavior by instrumenting wage risk 

with firm-level profit variability. They find a large marginal impact of background wage risk 

on people’s investment in risky assets yet argue that wage risk is economically unimportant 

for people’s investment behavior because firms provide substantial insurance on that risk. 

We similarly provide well-identified evidence of the negative effect of pension risk—another 

importance source of background risk—on people’s investment behavior. Our setting allows 

us to provide further evidence on the identification and behavioral interpretation of this effect 

via heterogeneous effects models on information and salience and to exploit a pre-reform 

period for placebo analyses. We also show that the distributional effects of pension risk are 

quite different from those of wage risk: they are driven disproportionally by wealthy people, 

retirees, and people at retirement age. Finally, we also provide evidence that pension risk 

does not affect people’s intended or actual labor supply, nor does it seem to affect their 

motivations for saving.  

Finally, our estimates contribute much-needed empirical evidence to the theoretical 

literature on how people’s risk-taking behavior changes with background risk. This literature 

predicts that people exposed to an “unfair” background risk will find other risky assets less 

attractive and, based on these predictions, explores various fundamental aspects of people’s 

decision-making under risk and uncertainty (e.g., Pratt and Zeckhauser 1987; Kimball 1993; 

Gollier and Pratt 1996). Pension risk in our setting resembles in many ways this unfair 

background risk, and our results give unique empirical support for the predictions in this 

 
3 See also Viceira (2001) Gomes and Michaelides (2003), Cocco et al. (2005) and French (2005) for further evidence using 

lifecycle models that incorporate background risk. Curcuru et al. (2004) provide further references on these models. 
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literature. We provide a theory-motivated exploration of the nature of pension risk and show 

that the effect of pension risk has a first-order pure risk component and negligible wealth 

effect component.  

Overall, our findings suggest that background pension risk matters for people’s investment 

behavior, and that pension reforms that increase exposure to this risk can have important 

distributional effects. The distributional aspects likely matter for welfare since, like 

uncertainty about the timing of retirement (Caliendo et al. 2016), pension risk can 

meaningfully decrease people’s welfare and is more directly felt by people later in life, when 

adjusting labor supply is costly and income shocks can have stronger impacts. The 

disproportionate behavioral effects of pension risk on retirement-age people as well as the 

distributional implications of these effects across socioeconomic status should be considered 

when introducing new retirement schemes and considering alternatives for pension reform. 

 

2.  The Dutch Pension System 

The pension system of The Netherlands is an ideal setting for studying people’s reactions 

to background risk for three reasons. First, together with state-provided pensions that act as 

social security, firm-based retirement plans are the main pillar of retirement savings for the 

Dutch working population. In fact, the capitalization of Dutch occupational pension funds is 

among the world's highest (146 percent of gross domestic product in 2011, according to DNB 

statistics). Thus, pension fund savings are a crucial asset for most Dutch people. 

Second, all employees in The Netherlands are obligated to participate in their employer’s 

occupational pension plan, which is often shared by the entire industry sector.  Each employer 

has a preassigned pension fund for all its employees, so even if employees are dissatisfied 

with their pension funds, they cannot change them without changing jobs. This contrasts with 

other settings in which employees are obligated to contribute to a pension fund yet are free 

to choose which one. The benefit of the more rigid system in The Netherlands is a high 

employee participation rate in Dutch pension funds from an international perspective, which 

allows employees to receive relatively generous pensions at retirement (OECD, 2011). 

Third, in 2007 the Dutch government introduced a reform that effectively exposed all 

defined benefit pension holders to market risk through their pensions. Prior to the reform, 

employers and unions had been actively negotiating the terms of traditional defined benefit 

pension schemes to adapt them to the population aging (Sleijpen 2009). This process was 

catalyzed in the early 2000s by the dot-com crisis, which eroded the balance sheets of most 

pension funds, and culminated in the 2007 pension reform.   
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The key part of the reform was the introduction of legal requirements for pension funds to 

cut the inflation indexation of their benefits, nominally cut benefits, and/or increase 

mandatory contributions if the fund’s financial health was compromised.  Dutch authorities 

measure a fund’s financial health using its funding ratio: the ratio of the market value of the 

fund’s financial assets to the market value of its liabilities. A ratio of one indicates that the 

fund has just enough assets to cover its liabilities. Ratios higher than one indicate financially 

healthier funds and ratios lower than one indicate that the fund is in trouble. The 2007 reform 

requires pension funds to decrease retiree benefits and increase member contributions if i) 

their funding ratio drops below a fund-specific threshold and does not recover after three 

years, and ii) other recovery measures cannot be used as a last resort.4 

 
4 Fund-specific thresholds are calculated by the Dutch Central Bank based on the fund’s asset and liability mix and follow 

a general value-at-risk principle. Due to the financial crisis in 2008, the mandated recovery period was temporarily extended 

to five years. Nevertheless, several Dutch pension funds have had to reduce their benefits since then. The reform also 

introduced market valuation of assets and liabilities and determined that each pension fund should hold solvency reserves 

that depend on the riskiness of the pension fund's asset mix. 

Figure 1. Typical indexation policy ladder for a Dutch pension fund after 2007 

 

 

This figure illustrates a typical policy ladder regulating the inflation indexation policy of benefits for pension funds after 

2007. In this example, the minimum required funding ratio to begin inflation indexation is 1.05, the funding ratio 

permitting full indexation is 1.3, and the taper rate for indexation is linear. 
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The link between funding ratios and the indexation and contribution policies of the pension 

funds are formalized by “policy ladders” (Ponds and Van Riel 2009). A typical indexation 

policy ladder is presented in Figure 1: it has no indexation below a funding ratio of 1.05, full 

indexation above 1.3, and partial indexation of benefits in between. Most pension funds 

would have similar policy ladders with slightly different thresholds for no benefit indexation. 

If the funding ratio remained over the 1.3 threshold for an extended period, then indexation 

that was not previously provided could be restored. If the funding ratio continued to be over 

1.3, contribution rates could eventually be reduced, although this is an extremely unlikely 

event.  

Conditional indexation of benefits and contributions to pension funds’ funding ratios 

effectively transferred some of the market risk of pension plans to the plans’ participants after 

2007. Importantly, the rules that define benefit rates after retirement for these pension plans 

remain largely unchanged other than by their conditional indexation. This implies that any 

market risk taken by pension funds does not result in larger pensions for their participants; 

more pension risk is therefore largely unrewarded. Additionally, since participants do not 

know their fund’s precise asset mix, they are unable to hedge this risk by taking contrary 

investments. Together with participants’ inability to change their pension funds, this results 

in Dutch people being exposed to a background risk closely related to Gollier and Pratt’s 

(1996) “unfair” background risk—that which is undiversifiable and unrewarded—after 2007. 

Moreover, as we show in Section 3.2, the funding ratio of each pension fund is a good inverse 

measure of this background risk. 

 

3.  Data and Methodology 

3.1  The Dutch National Bank Household Survey 

Our main source of data is the Dutch National Bank Household Survey (DHS), an internet 

survey of a representative panel of Dutch households collected by CentERdata since 1993.5 

We restrict our sample to household heads and their spouses, and we exclude respondents 

who are studying full time, looking for employment for the first time, or are solely living on 

disability benefits. Finally, we only include respondents who report more than €500 of 

financial wealth and some cash holdings. 

 
5 The DHS currently surveys around 2,000 Dutch households each year. CentERdata provides participating households with 

an Internet connection, a television, and a set-top box for the television to facilitate survey responses. All persons aged 16 

and over within each household are invited to take part in the survey. The response rate for a typical household questionnaire 

is around 86 percent. For a more detailed description of the DHS, see Teppa and Vis (2012) and  

https://www.centerdata.nl/en/projects-by-centerdata/dnb-household-survey-dhs.  

https://www.centerdata.nl/en/projects-by-centerdata/dnb-household-survey-dhs
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We focus on equity investments as our measure of risky financial assets. These risky 

financial assets include stocks, mutual funds, growth funds, and options. The other 

components of financial wealth measured in the DHS are checking, savings, and deposit 

accounts; government and municipal bonds; mortgage bonds; illiquid saving certificates; and 

other unspecified investments and savings. We focus on the decision to hold some risky 

financial assets—the extensive margin in portfolio choice—by analyzing a dummy variable 

that takes the value of one if a person owns risky financial assets. In Section 4.1, we also 

analyze the share of wealth invested in risky assets. 

Our estimation sample excludes respondents for which we have incomplete financial asset 

information or that cannot be linked to past or current pension funds. We also exclude 

respondents without complete information on their sociodemographic characteristics (age, 

gender, occupation, and education) and key household characteristics (number of people in 

the household, number of children, household type, and net household income and wealth) 

since these are important covariates in our analyses. Our main estimation sample includes 

1,937 people for a total of 5,268 person-year observations over the 2007–2014 period. 

 

3.2  Funding Ratio as a Measure of Background Risk 

To match the data on pension funds’ funding ratios to the DHS, we use a survey question 

that asks the name of the pension fund to which each person contributes (for employees) or 

from which each person receives benefits (for retirees). We use the names of these pension 

funds to match the survey data with the funding ratios of each pension fund from 2007 

through 2014, obtained directly from the Dutch Central Bank records. Our sample contains 

30 different pension funds to which people contribute and can be matched to the 1994 through 

2014 waves of the survey. 

Funding ratios are a good measure of people’s pension background risk since the ratios 

are highly correlated with the market and, after the 2007 reform, they are also linked to 

people’s pension benefit inflation indexation and contribution rates. To illustrate this, Figure 

2 shows that the average pension fund’s funding ratio closely tracks the Amsterdam 

Exchange Index yearly returns over time, even after the 2007 reform. After 2007, the funding 

ratio is also closely related to the benefit inflation indexation rate (see Appendix Figure A1). 

Finally, the correlation between the funding ratio, the benefit inflation indexation rate, and 
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the AEX returns are high and positive for most of the pension funds in our data (see Appendix 

Figure A2).6  

Figure 3 shows the variation in funding ratios as well as the within-pension-fund and 

within-year variation that identifies our estimates. There is substantial variation in unadjusted 

funding ratios (solid line), which is our inverse measure of pension risk, during 2007–2014.  

Overall, pension funds did well during this period—the median funding ratio was 1.07 and 

the average was 1.10. However, over 17 percent of the pension funds were underfunded at 

some point, and their funding ratio dropped as low as 0.86. The within-pension-fund and 

within-year variation in funding ratios (dashed line) is more compressed than the unadjusted 

one, and it is not right-skewed. However, the differences between adjusted funding ratios is 

substantial and this variation identifies our estimates. 

 
6 There is no data available on the contribution rates, yet we expect them to be less tightly linked to funding ratios since 

changes in these rates are only implemented when finding ratios remain very high or very low for several consecutive years. 

Inflation indexation data is not available before 2007 since indexation was not linked to funding ratios then. 

Figure 2. Average funding ratio and the Amsterdam Exchange Index (AEX) yearly 

returns, 1994–2014 

 
This figure illustrates the correlation between the funding ratio and the AEX market returns. The average funding ratio 

for the funds in our data is highly correlated (ρ̂ = 0.62) with the AEX yearly returns in the 1994–2014 period. This 

correlation remains after the 2007 pension reform (dashed line). The funding ratio averages funding ratios of 31 different 

pension funds each year. AEX yearly return averages 12 yearly returns based on the adjusted AEX closing price on the 

first day of each month, each year. 
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Table 1 presents the basic summary statistics of all key variables in our sample. About one 

quarter of respondents hold risky assets at any time, a share similar to the United States and 

other developed countries (see Guiso et al. 2008, p. 2561). Almost half of our sample live 

only with their partner, about 30 percent also live with their partner and children, and most 

of the remaining respondents live alone. There are relatively few women and almost everyone 

is either employed or retired. Our sample is relatively wealthy, although approximately 5 

percent of people are net debtors at some point.7 The large majority earn between €22,000 

and €75,000 in net household income each year. Overall, the average respondent in our 

 
7 Appendix Figure A3 shows the distribution of net household wealth. 

Figure 3. Variation in Dutch pension funds’ funding ratios, 2007–2014 

 
This figure shows the variation in funding ratios in our main estimation sample before (solid line) and after (dashed 

line) accounting for pension fund and year fixed effects. The dashed line is produced by subtracting the pension fund- 

and year-specific means of each funding ratio and then adding the overall mean to make both distributions comparable. 

The dashed line illustrates the identifying variation in our estimates. This figure is based on 220 pension-fund-by-year 

observations. 
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sample is similar to the average DHS respondent, which is representative of the Dutch 

population (see Appendix Table A1). 

 

3.3  Econometric Framework 

We focus on estimating the effects of Funding ratiopt, our inverse measure of pension 

risk for fund 𝑝 at time 𝑡, on the probability of holding risky assets by using the following 

equation: 

 1[Risky assets > 0]ipt = βFunding ratiopt + γ′Xit + δp + θt + εipt , (1) 

 

Table 1. Summary statistics of the main DHS estimation sample, 2007–2014 

 
  Mean Std dev. Min Max 

          

Funding ratio (unstandardized) 1.09 0.17 0.85 1.72 

Own risky assets 0.26 0.44 0 1 

Share of wealth in risky assets♦ 0.40 0.29 0 1 

          

Female 0.36 0.48 0 1 

High school degree 0.31 0.46 0 1 

University degree 0.49 0.50 0 1 

          

Occupation:         

Employed 0.63 0.48 0 1 

Self-Employed 0.01 0.09 0 1 

Unemployed 0.01 0.09 0 1 

Retired 0.36 0.48 0 1 

          

Household Composition:          

Living alone 0.20 0.40 0 1 

Partner, no children 0.49 0.50 0 1 

Partner, with children 0.28 0.45 0 1 

No partner, with children 0.02 0.15 0 1 

Other 0.02 0.12 0 1 

          

People in the household 2.40 1.19 1 8 

Children in the household 0.59 1.01 0 6 

Household net wealth (€1,000) 73.2 165.9 -1,149.7 3,702.1 

          

Household's net income (in Euro):         

less than €10,000 0.02 0.15 0 1 

between €10,000 and €14,000 0.01 0.11 0 1 

between €14,000 and €22,000 0.06 0.23 0 1 

between €22,000 and €40,000 0.28 0.45 0 1 

between €40,000 and €75,000 0.43 0.50 0 1 

€75,000 or more 0.17 0.37 0 1 

don't know 0.02 0.14 0 1 
 
♦Share of wealth in risky financial assets is conditional on positive risky financial asset holdings.  

Summary statistics using 5,268 person-year observations from 1,937 respondents. 
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where 1[Risky assets > 0]ipt is a dummy that marks whether person 𝑖 participating in 

pension fund 𝑝 at time 𝑡 owns any risky assets. We rescale Funding ratiopt to have a zero 

mean and a standard deviation of one to facilitate the interpretation of β as the impact of a 

one standard deviation increase in the pension fund’s funding ratio on the probability of 

investing in risky assets. The main covariates included in Xit are education, household size, 

partnership status, household income, household wealth, and age, gender, occupation, 

unemployment and retirement indicators. These covariates are common in the literature on 

portfolio choice (e.g., Rosen and Wu 2004; Hong et al. 2004; Guiso et al. 2008). The three 

error term components δp, θt, and εipt capture time-invariant unobserved heterogeneity at the 

pension fund level, time-varying unobserved heterogeneity, and an independently distributed 

model error term. Both δp and θt can be correlated with observable and unobservable 

characteristics, and are accounted for via two-way pension-fund and year fixed effects. We 

use cluster-robust standard errors at the pension fund level. Throughout Section 4, we present 

our estimates of OLS linear probability models of Equation (1). 

We argue that under plausible circumstances, and conditional on the covariates above, our 

estimates of Equation (1) identify the causal effect of pension risk on people’s decisions to 

invest in risky assets. Individual time-varying confounders, such as single high-income men 

choosing riskier portfolios and also choosing jobs with more risk-taking pension funds, are 

accounted for by holding constant these characteristics in Xit. Any remaining self-selection 

of risk-seeking people into jobs (and thus pension funds) based on unobserved time-constant 

characteristics is accounted for by the pension fund fixed effects.8 These fixed effects also 

account for any other difference that is pension-fund specific and remain constant over time. 

Common market shocks that could drive funding ratios and individual investment decisions, 

such as the financial crisis market shock between 2007 and 2008, are accounted for by the 

year fixed effects, as well as anything else that is a year-specific common component. Finally, 

in our preferred specification we account for possible industry-specific time-varying shocks 

by expanding our set of year fixed effects to year-by-province fixed effects, noting that the 

industrial activity in The Netherlands is strongly segregated by province (see Section 4.1).  

Our empirical strategy therefore accounts for most reasonable sources of potential omitted 

variable bias. Any remaining source of endogeneity needs to i) be unaccounted for by our 

extensive set of controls, ii) be time-varying within provinces, iii) affect people in the same 

 
8 Also note that self-selection into riskier jobs based on risk preferences would not be enough to cause spurious effects in 

our setting unless the pension funds that manage riskier occupations are themselves more risk-taking in their portfolios.  
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way pension risk would, and iv) have an effect large enough to drive our results. These types 

of confounders are very difficult to imagine. And even if they exist, these confounders would 

also have to account for the pre-reform placebo analyses and heterogeneous effects addressed 

in Sections 4.2 and 4.3. 

 

4.  Results 

4.1  The Effect of Pension Risk on Investment in Risky Assets 

Table 2 presents our main results. Column (1) shows that a higher funding ratio, i.e., a 

lower risk in the pension fund’s portfolio, is positively related to people’s decisions to hold 

risky assets, as hypothesized. Column (2) shows that the effect of the funding ratio increases 

once we include pension fund fixed effects and year fixed effects (i.e., two-way fixed effects), 

which are the key components for our identification strategy. Column (3) shows that the size 

of this effect does not change when we include in the model various personal and household 

characteristics, including household income and wealth, although the precision in our 

estimate increases. Note also that the R-squared increases from 0.05 to 0.19 when moving 

from (2) to (3). Along with the very stable effect of pension risk, this suggests that unobserved 

heterogeneity correlated to the many observable characteristics we include in Column (3) is 

unlikely to drive the effect of the funding ratio. All these results are thus consistent with the 

idea that pension risk decreases people’s willingness to invest in risky assets.   

Table 2. The effects of funding ratios on people’s decisions to hold risky assets, 2007–

2014 

 
Dependent Variable:  1 if person invests in risky assets 

  (1) (2) (3) (4) 

          

Funding ratio (standardized) 0.025** 0.055* 0.055** 0.056** 

  (0.011) (0.030) (0.026) (0.026) 

          

Person & household characteristics      ✓  ✓ 

Pension fund fixed effects    ✓  ✓  ✓ 

Year fixed effects    ✓  ✓   

Province-by-year fixed effects        ✓ 
          

R-squared 0.00 0.05 0.19 0.20 

          
 

OLS regressions using 5,268 person-year observations from 1,937 respondents. The dependent variable is a risky asset 

investor dummy (stocks, mutual funds, growth funds, and options). Person & household characteristics include a linear 

age term and dummies for gender, occupation, and unemployment status, highest level of education, number of 

household members, children living in the household and partnership status, seven dummies for net household income 

bracket, and ten decile dummies for net household wealth. There are 30 pension fund fixed effects, eight year fixed 

effects, and 96 province-by-year fixed effects. Standard errors clustered at the pension fund level in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1 
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A remaining source of endogeneity in our estimates could be industry-specific shocks in 

unemployment, which can simultaneously drive the pension funds’ funding ratio and other 

sources of income risk (through unemployment or earnings).9 However, this is unlikely to be 

driving our results for two reasons. First, we control for unemployment status, among other 

covariates, in column (3). Second, in our estimation period, industry-specific shocks would 

have been most likely to appear in 2008 when the financial crisis impacted The Netherlands.  

For these shocks to be a confounding factor, they would have had to affect labor markets 

across industries in heterogeneous ways, creating between-industry dispersion in labor 

markets. Yet data from the Dutch Labor Force Survey (LFS) reveal no such pattern.10 

Nevertheless, to account for possible industry-specific labor market shocks, we exploit 

that industrial activity in The Netherlands is highly segregated between its 12 provinces.11 A 

set of province-by-year fixed effects would thus capture a substantial part of this time-varying 

industry-specific heterogeneity. Column (4) of Table 2 presents estimates from a two-way 

fixed effect model with province-by-year and pension fund effects. This specification, which 

includes the most comprehensive set of fixed effects and controls, is our preferred one and 

we maintain it throughout the remainder of the paper. The estimates show that the effect of 

the funding ratio on investment in risky assets remains unchanged. Furthermore, the R-

squared does not increase substantially between columns (3) and (4), indicating that 

unobserved province-specific shocks are not a source of endogeneity.12 

The effect of the pension funding ratio on people’s investment in risky assets is 

economically sizeable. People exposed to a one standard deviation higher funding ratio are 

5.6 percentage points more likely to invest in risky assets. As only about a quarter of our 

sample holds risky assets, this implies an increase in risky asset participation of 23 percent 

over the sample mean. This effect is also larger than the investment gap between university 

 
9 A set of industry-by-year fixed effects would account for this source of endogeneity. However, the DHS does not ask about 

respondents’ sector of industry. More importantly, because most pension funds are industry-specific, industry-by-year fixed 

effects would eliminate almost all of our identifying variation. 
10 Appendix Figure A4 shows that although the job separation rate did increase in The Netherlands in the first years of the 

economic crisis, the standard deviation of this rate across industries remained the same. Appendix Figure A5 presents a 

similar analysis on employment rates by sector of industry and leads to the same conclusion. This pattern is consistent with 

the crisis having limited heterogeneous effects on industry-specific labor markets. 
11 See https://www.lisa.nl/data/gratis-data/overzicht-lisa-data-per-provincie. Employment in manufacturing is, for example, 

three times as high in the provinces of Limburg and North Brabant than in the province of North Holland, whereas the 

financial sector is concentrated in North Holland, where share in total employment in that sector is three times higher than 

in the province of Limburg and five times higher than in the province of Flevoland.   
12 Specifications that control for people’s investment experience and that include pension-fund-specific time trends reach 

very similar conclusions. We do not consider individual fixed effect models since they heavily restrict the identifying 

variation, yielding imprecise estimates, and can further introduce selectivity into identification (Miller et al. 2019). We also 

do not consider probit or logit models since including fixed effects does not remove unobserved heterogeneity from the 

likelihood function in these nonlinear models. Moreover, nonlinear models that can condition unobserved heterogeneity out 

of the likelihood function (e.g., conditional logit) cannot incorporate two-way fixed effects. 

https://www.lisa.nl/data/gratis-data/overzicht-lisa-data-per-provincie
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graduates and high school dropouts in our data (4.7 percentage points). Compared to other 

findings in the literature, the effect of the funding ratio on investing in risky financial assets 

is slightly larger than the effect of social interactions (Harrison et al. 2004) and similar to the 

effect of trust (Guiso et al. 2008) and right-wing political preferences (Kaustia and Torstila 

2011), all of which are considered sizeable.13 

Finally, the average funding ratio for funds in our data decreased by approximately 2 

standard deviations between 2007 and 2014. In this same period, participation in risky assets 

decreased by approximately 10 percentage points, from 29 percent to 19 percent. This implies 

that the increase in pension fund risk could potentially explain the entire drop in equity 

participation in this period. 

We then analyze the extent to which pension risk also affects people’s portfolio risk-taking 

at the intensive margin. In these analyses we regress the share of people’s wealth invested in 

risky assets, bonds, cash, and other assets, on their pension’s funding ratio using our preferred 

specification. Column (1) of Table 3 shows that a one standard deviation increase in the 

funding ratio makes people increase the share of their wealth invested in risky assets by 2.9 

percentage points. Since the unconditional share of wealth invested in risky assets is 10.1 

percent for this sample, this effect implies a 29 percent increase over the sample mean. This 

increase is compensated by a 2.2 percentage point decrease in the share of their wealth in 

cash, and a smaller decrease in the share of their wealth invested in bonds and other assets.14 

Compared to other findings in the literature, the effect of the funding ratio on the share of 

wealth invested in risky assets is similar to the effect of a 10 percentage point increase in the 

standard deviation of income risk (Heaton and Lucas 2000), a one-standard-deviation 

increase in health risk (Edwards 2008), or a 10 percent of a standard deviation increase in the 

uninsurable wage risk (Fagereng et al. 2016). 

 

   4.2  Placebo Estimates: Pre-reform Analyses 

Since the mid-1990s, pension funds have been operating  similarly  in The Netherlands; their 

funding ratios have been used as a summary measure of their financial health, they have been 

rigidly organized by industry, and they have been communicating with their participants via 

 
13 Regarding our unreported covariate coefficients: age is not related to investments in risky assets once we control for 

wealth and income; women and self-employed people are less likely to invest in risky assets; and wealthier, higher-income, 

and better-educated people are more likely to invest in risky assets. These findings generally match comparable estimates 

in the literature.  
14 Specifications that control for previous investment experience and that include pension-fund-specific time trends, as well 

as specifications that exclude people who invest none or all of their wealth in one type of asset, reach very similar 

conclusions. As in our main results, we do not consider individual fixed effect models or nonlinear tobit or fractional 

regression models. 
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yearly statements. However, pension funds’ benefit indexation and contribution policies have 

been tied to their funding ratios only since the 2007 pension reform. The introduction of this 

reform allows us to estimate placebo analyses on the relationship between the pension fund’s 

funding ratio and people’s investments in risky assets for the years before 2007 to further 

support the causal interpretation of our results.15  

Table 4 shows the effects of the funding ratio on people’s investment in risky assets for 

the pre-reform years of 1994–2006. The specifications mirror those of our main results in 

Table 2, yet in all of them, the coefficient of pension funds’ funding ratio is insignificant. 

This lack of significance is entirely due to the size of the coefficients and not due to a loss of 

statistical power in the pre-reform years; standard errors are also very similar to those in 

Table 2. Furthermore, the (unreported) coefficients of key covariates such as the female 

dummy and self-employment have a similar size and statistical significance as the analyses 

underlying Table 2, and the model fit is also comparable. This confirms that the effect of 

pension risk on investment behavior is only present after the 2007 reform, when the 

mechanism linking funding ratios to benefit indexation and contributions became effective.16  

 
15 After the reform, the DHS also changed the names of many of the pension funds in their data. Because of this, we cannot 

estimate a joint model using the pre-2007 and post-2007 data akin to a difference-in-difference analyses with two-way fixed 

effects. However, our main and placebo results are robust to using different pension fund fixed effects based on various 

mappings of the pre-2007 and post-2007 pension fund categorization. 
16 Appendix Figure A6 shows that the necessary identifying variation in funding ratios is also present in the prereform years. 

Table 4. Placebo analyses of the effects of funding ratios on people’s decisions to hold risky 

assets, 1994–2006 

 
Dependent Variable: 1 if person invests in risky assets (1994-2006) 

  (1) (2) (3) (4) 

          

Funding ratio (standardized) 0.015 -0.009 0.005 -0.000 

  (0.013) (0.035) (0.023) (0.023) 

          

Person & household characteristics      ✓  ✓ 

Pension fund fixed effects    ✓  ✓  ✓ 

Year fixed effects    ✓  ✓   

Province-by-year fixed effects        ✓ 
          

R-squared 0.00 0.03 0.23 0.26 
 

OLS regressions using 3,403 person-year observations from 1,463 respondents. The dependent variable is a risky asset 

investor dummy (stocks, mutual funds, growth funds, and options). Person & household characteristics include dummies 

for number of household members, children living in the household and partnership status; seven dummies for net 

household income brackets; and ten decile dummies for net household wealth. There are six pension fund fixed effects, 12 

year fixed effects, and 156 province-by-year fixed effects. Standard errors clustered at the pension fund level in parentheses.  

*** p<0.01, ** p<0.05, * p<0.1 
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4.3  Heterogeneous Effects of Pension Risk 

  We have shown that higher pension risk, as measured by a pension fund’s lower funding 

ratio, makes people invest less in risky assets. To reaffirm our results, we explore the effects 

of pension risk for groups of people on whom we would expect to find stronger effects. We 

estimate variations of Equation (1) interacting subgroup dummies with the funding ratio and 

all other main covariates and always including pension fund and year-by-region fixed effects.  

We then calculate the average marginal effects of the funding ratio on investment in risky 

assets for each subgroup and test their differences. Table 5 presents these average marginal 

effects and their differences.17  

We base our first two subgroup analyses on the intuition that pension risk should only 

affect the behavior of people who are aware of it. We test this using the answers to the 

following two DHS questions:  

(1) Did you receive a pension overview last year? 

(2) A pension plan can include an arrangement for correcting the pension that can be 

claimed and/or the pension that is actually being paid according to a price index and/or 

to a salary index. Pensions that are corrected in this way are called indexed to inflation. 

Is your (future) retirement pension indexed to inflation?  

The first question refers to a report Dutch pension funds are required to send to their 

participants each year, which includes their pension fund entitlements and information about 

the pension fund’s recent performance and current indexation conditions. The second 

question refers to the indexation policy of the pension fund, a widely debated and discussed 

topic in The Netherlands that draws considerable public attention. Answering the first 

question with “yes” instead of “no” indicates that respondents are keeping track of their 

pensions. Answering the second question with either “yes” or “no” instead of “I don’t know” 

indicates that respondents are acquainted with the indexation conditions of their pension fund 

and are therefore more likely to be aware of the pension risk they face. The first two 

subgroups we analyze are the pension-risk-aware and the pension-risk-unaware people who 

are categorized based on these two questions.18  

 
17 Prereform analyses show no effect of the funding ratio on investment in risky assets for any of these subgroups, 

reaffirming the causal interpretation of our results. See Appendix Table A2.  
18 Eighty-one percent of our sample reports having received their pension overview, and 74 percent were aware of the 

indexation status of their pension funds. These questions are asked every year so the same respondent might belong to the 

aware or the unaware group depending on their response that year. 
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Column (1) of Table 5 shows that the negative effect of the funding ratio is only significant 

for people who reported receiving their yearly pension overview. Column (2) shows that the 

effect is also only significant for those who are aware of the indexation policy of their pension 

fund. Both group differences are statistically and economically significant, supporting the 

hypothesis that our main results reflect changes in people’s investment behavior due to 

changes in pension risk.  

We can also verify the behavioral interpretation of our results by looking at the investment 

behavior of retirees. Since pension income is likely the primary source of income for retirees, 

and benefit indexation directly determines this income, we expect retirees to react more 

sharply to changes in their pension fund risk. Column (3) of Table 5 shows that pension fund 

risk has a stronger impact on retirees’ investments in risky assets. These results also highlight 

the disproportional effect of pension risk on retirees as an important distributional effect.   

A final subgroup we can use for our tests is based on risk-aversion. Some findings from 

lifecycle portfolio theory suggest that the decrease in investment in risky assets in response 

Table 5. Heterogeneous effects of funding ratios on people’s decisions to hold risky assets, 

2007–2014 

 
Dependent Variable:  1 if person invests in risky assets    

Effect of funding ratio 

(standardized) if:  

Received 

overview 

Aware of 

indexation Retired 

Risk-

Averse 

  (1) (2) (3) (4) 

          

Yes 0.063** 0.064** 0.077** 0.063** 

  (0.027) (0.027) (0.029) (0.028) 

No 0.019 0.040 0.048* 0.053** 

  (0.030) (0.027) (0.027) (0.025) 

          

Difference 0.044*** 0.024* 0.028* 0.010 

  (0.011) (0.014) (0.014) (0.010) 

          

Person & household characteristics  ✓  ✓  ✓  ✓ 

Pension fund fixed effects  ✓  ✓  ✓  ✓ 

Province-by-year fixed effects  ✓  ✓  ✓  ✓ 

          

R-squared 0.21 0.21 0.21 0.29 

Observations 5,080 4,843 5,268 5,249 

          
 

Average marginal effects of the standardized funding ratio in OLS regressions that the interact funding ratio with whether 

people report receiving their yearly pension overview (column (1)), are aware of their pension indexation policies 

(column (2)), are retired (column (3)), or score above median in risk aversion (column (4)). The dependent variable is a 

dummy that takes the value of one if the person owns risky assets (stocks, mutual funds, growth funds, and options). 

Marginal effects based on fully interacted models (except for fixed effects). Person & household characteristics include 

age, female, occupation, unemployed, retired, education, household members, children in household, partnership status, 

household income, and household wealth. Standard errors clustered at the pension fund level in parentheses.  

*** p<0.01, ** p<0.05, * p<0.1 
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to background risk should be steeper for more risk-averse people.19 This prediction is 

somewhat less intuitive and is derived from models that impose stricter assumptions on 

people’s utility functions. Nevertheless, we can test whether risk-averse people react more 

strongly to pension risk with our data since we have a measure of people’s risk preferences 

in the financial domain. The DHS includes six self-reported statements measuring people’s 

willingness to take financial risks (i.e., investment risks with their own money). We construct 

an index of financial risk-aversion based on these questions, and classify people as risk-averse 

and non-risk-averse based on whether their score on this index is below or above the sample 

median.20 Column (4) of Table 5 shows that the effects of the funding ratio for risk-averse 

people are slightly stronger than for non-risk-averse people. However, these differences are 

not statistically significant. This is the only result that is not strongly aligned with the 

interpretation of our findings as a behavioral response.  

Overall, the evidence in this section supports the behavioral interpretation of our estimates 

as causal effects of pension risk on people’s investment decisions. 

 

4.4  The Wealth and Risk Components of the Effects of Pension Risk 

An intriguing question regarding our main results is whether they are not simply reflecting 

people’s reaction to a loss in their pension wealth rather than a pension risk effect. In this 

section we argue that one could, in principle, decompose the behavioral effects of pension 

funding ratios on risky investment into a “deterministic wealth” effect and a “pure risk” 

effect. We then highlight the conditions under which this decomposition can be 

accomplished, the limited way in which we can implement such decomposition in our data, 

and how those results can affect the interpretation of our main findings.  

Gollier and Pratt (1996) show that the effect of an unrewarded undiversifiable background 

risk on risk aversion—as captured by the Arrow-Pratt absolute risk aversion measure—can 

be decomposed into two components: the effect of a deterministic downward shift in wealth 

and the effect of  mean-zero uncorrelated pure risk (p. 1114). Through their shifts in the 

Arrow-Pratt measure, these two components can theoretically be conceived as the “wealth” 

and the “pure risk” effect of background risk on risk-taking. Applied to our analysis of 

 
19 In Edwards (2008), this prediction is derived through the interaction between (health) background risk and the risk-

aversion parameter in the model. However, this only holds for risk-averse people and relies on the CRRA formulation of his 

model. In Heaton and Lucas (2000), more risk-averse people decrease their investment in risky assets more substantially 

when faced with background risk. 
20 The index measures risk-aversion on a continuous scale between 1 and 7, with a median of 5.3. Further details on the 

specific questions included in this index and on the construction and validity of economic preference indices using the DHS 

data can be found in Salamanca (2016). 
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pension risk, one could thus think of separating the wealth and the pure risk effects of pension 

risk on the demand for risky assets. However, two issues must be highlighted.  First, both the 

wealth effect and the risk effect are an integral part of the background risk effect, and 

considering either of them in isolation offers limited value. Second, the ultimate effect on the 

demand for risky assets operates through the Arrow-Pratt measure of risk aversion, 

complicating the comparative statics needed to disentangle these effects. 

Nevertheless, if we wish to empirically disentangle the pure wealth and pure risk 

components of background risk, we could take two paths. The first one uses preference 

parameters described by three higher-order derivatives of the utility function—risk aversion, 

prudence, and temperance. Specifically, in Gollier and Pratt (1996) the pure risk component 

is a function of risk aversion and prudence, whereas the pure wealth component is, in 

addition, a function of temperance. One could therefore obtain empirical measures of these 

higher-order preferences and use them in a triangular system to isolate the wealth and pure 

risk components of pension risk. There are data and methodological issues with this approach. 

Data-wise, one would require measures of risk aversion, prudence, temperance, and the 

certainty equivalent and variance of retirement income attributable to pension risk. These 

measures are not easy to find in our data, or any other dataset for that matter. 

Methodologically, one would need to map prudence and temperance changes onto the Arrow-

Pratt measure of absolute risk aversion and then map this measure to investment behavior, 

which is also not trivial. 

The second approach, which we take in this paper, is to directly approximate the pure 

wealth effect of pension risk on investment behavior by estimating the effect of funding ratios 

on a measure of people’s future retirement income. We then control for future retirement 

income in our main specification to approximate the pure risk effect as the remaining effect 

of pension funding ratios on investment behavior. This additional control does not improve 

our estimates of the effect of pension risk, but if this effect runs solely through changes in 

expected wealth, then controlling for expected wealth should result in large changes to the 

effect of pension risk. The benefit of this approach is that it is feasible with our data. The 

drawback is that it relies on our less-than-ideal measure of future retirement income. Because 

of this, we view its results as suggestive at best. 

To implement this approach, we use a question that asks people what their pension will be 

after they retire if they were to make no further contributions. This amount—which is 

reported in a pension overview that Dutch people receive each year—is a measure of people’s 

future pension wealth without any labor supply adjustments or further contributions, but 
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which should capture forecasted fund indexation.21 If the pure wealth component of pension 

risk is important, there should then be a positive effect of funding ratios on this measure of 

future pension wealth.  

Column (1) of Table 6 shows that the funding ratio has a positive effect on the expected 

pension wealth of people, consistent with the existence of a pure wealth effect. However, the 

effect is not precisely estimated, reflecting the fact that expected pension wealth is measured 

with considerable error. Consistent with this, column (2) shows that the effect is smaller and 

not statistically significant once we control for person and household background 

characteristics. Column (3) and column (4) show that controlling for future pension wealth 

does not change the effect of the funding ratio on investment behavior; if anything, it 

increases it. Taken together, this evidence provides limited evidence that the main component 

of the effect of pension risk on people’s investment behavior is risk rather than wealth. 

There is one final argument of why the pure wealth component of pension risk cannot be 

too large in our setting. As mentioned above, the wealth component effect of background risk 

 
21 The question asks “According to [your pension] overview, how much pension had you built up until 1 January through 

your current/last employer? (i.e. the amount per year if you stopped working right then).”  

Table 6. The effects of funding ratios on people’s pension wealth and the decisions to hold 

risky assets, 2007–2014 

 

Dependent Variables: 

Pension wealth  

(1,000 Euro) 
  

1 if person invests  

in risky assets  

  (1)   (2) (3) 

          

Funding ratio (standardized) 3.085*   0.085** 0.087** 

  (1.622)   (0.034) (0.034) 

Pension wealth (1,000 Euro)       0.001 

        (0.000) 

          

Person & household characteristics  ✓    ✓  ✓ 

Pension fund fixed effects  ✓    ✓  ✓ 

Province-by-year fixed effects  ✓    ✓  ✓ 
          

R-squared 0.38   0.21 0.21 

          

 
OLS regressions using 3,063 person-year observations from 1,377 respondents with nonmissing information on their 

pension wealth. The dependent variables are the yearly pension that respondents would receive if they retired without 

making any further contributions (columns (1) and (2)), and a risky asset investor dummy (stocks, mutual funds, growth 

funds, and options, columns (3) and (4)). A dummy for respondents who report not knowing their pension wealth (10.3% 

of sample) is always included. Person & household characteristics include age, female, occupation, unemployed, retired, 

education, household members, children in household, partnership status, household income, and household wealth. 

Fixed effects include 30 pension fund dummies and 96 province-by-year dummies. There are 30 pension fund fixed 

effects and 96 province-by-year fixed effects. Standard errors clustered at the pension fund level in parentheses.  

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 



21 

 

is a function of prudence, a higher-order preference which by itself would make people 

increase their asset holdings when exposed to more background risk (Kimball 1990). This 

comparative static is further illustrated in Gomes and Michaelides (2005). A background risk 

effect with a dominant wealth component should therefore cause people to increase their 

risky asset holdings as a precautionary measure, not to decrease them as we observe in our 

data. Since our findings identify a negative effect of pension risk on the likelihood of 

investing in risky assets, it must be that the dominating component in our setting is the 

(negative) pure risk component and not the (positive) wealth component of pension risk. 

 

  4.5  The Distributional Effects of Pension Risk 

It is also important to document the distributional effects of pension risk across several 

subgroups. People’s financial situations, exposure to other risks. and ability to adjust their 

portfolios can vary widely, and therefore so can their portfolio response to pension risk. 

Documenting these distributional effects can identify which population groups should receive 

attention when there are large changes in pension risk after pension reforms or market shocks.  

Figure 4. The effect of funding ratios on people’s decisions to hold risky assets, by 

household net wealth decile, 2007–2014 

 
This figure shows average marginal effects of the standardized funding ratio in OLS regressions that interact the funding 

ratio with net household wealth deciles using 5,268 person-year observations from 1,937 respondents.The dependent 

variable is a dummy that takes the value of one if the person owns risky assets (stocks, mutual funds, growth funds, and 

options). The rest of the model follows our preferred specification. The figure also shows 95 percent confidence intervals 

for each estimate based on clustered standard errors at the pension fund level. 
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Figure 4 shows that the effect of larger funding ratios is mostly present for people in the 

top four deciles of the net wealth distribution. One simple explanation for this finding is that 

the wealthiest people are more likely to own risky assets in the first place and can therefore 

adjust their investments more easily by selling them. Figure 5 illustrates a related finding: the 

effects of pension risk are largely driven by people of pension age, between 60 and 70 years 

old. This is not simply another illustration of the stronger effects of the funding ratio on 

retirees (Table 5), since the data in Figure 5 exclude retirees. Our findings are better explained 

by retirees and people around retirement age being uniquely affected by pension risk and 

having enough wealth and experience to be able to adjust their investments to this risk more 

easily.  

Of course it could be that wealthier people also have more pension wealth and therefore 

pension risk affects them on a larger asset base. Yet we see there is no such gradient in the 

effect of funding ratios across our measure of future pension wealth. We also see little 

heterogeneity across the many other potential distributional effects we explore. There is some 

Figure 5. The effect of funding ratios on people’s decisions to hold risky assets, by 

respondent age brackets and excluding retirees, 2007–2014 

 
This figure shows average marginal effects of the standardized funding ratio in OLS regressions that interact the funding 

ratio with respondent age brackets of 20–29, 30–39, 40–49, 50–59, 60–69, and 70 or above using 5,268 person-year 

observations from 1,937 respondents. The dependent variable is a dummy that takes the value of one if the person owns 

risky assets (stocks, mutual funds, growth funds, and options). The rest of the model follows our preferred specification. 

The figure also shows 95 percent confidence intervals for each estimate based on clustered standard errors at the pension 

fund level.  
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suggestive evidence of larger effects of funding ratios for very high- and very low-income 

households, for unemployed people, for homeowners, and for people with very high 

subjective financial literacy. There is no evidence of heterogeneous effects across education 

or objective financial literacy, partnership status, or household size. 

 

  4.6  The Effects of Pension Risk on Other Outcomes 

Finally, it is important to explore whether pension risk affects other outcomes. In our 

institutional setting, people cannot easily change jobs in response to pension risk, and aside 

from their investment portfolios, there are not many ways in which they can adjust their 

behavior in response to this risk. However, it is possible for them to adjust their labor supply 

by, for example, delaying retirement. They could also change their behavior in ways that 

would not be easy to detect like, for example, repurposing their savings to compensate for 

future pension shortcomings. These nonportfolio responses could be important to determine 

the potential reach of pension risk on people’s overall welfare.  

Table 7 shows that pension risk has no effect on other nonportfolio outcomes we can 

observe in our data. Columns (1) and (2) in Panel A show that funding ratios have no impact 

on people’s retirement decisions or on their expectations for retirement before the age of 65. 

Column (3) also shows that funding ratios also have no effect on their intentions to leave a 

bequest to their families. Panel B further shows that pension risk does not affect the intentions 

behind people’s saving behavior. Funding ratios do not have an effect on the likelihood of 

respondents’ reporting that it is important or very important to save in order to supplement 

their pensions (column (4)), to not have to financially rely on others (column (5)), or to 

safeguard against unexpected future expenses (column (6)).  

There are at least two reasons to interpret the evidence in Table 7 with caution. First, our 

measures of expected retirement and bequests suffer from relatively large nonresponse rates, 

and there is evidence of selective nonresponse for the bequest question (see Appendix Table 

A3). Second, the subjective nature of these outcome measures and the fact that many 

respondents may not have thought about these issues before can increase measurement error 

and decrease our power to detect effects of pension risk. We therefore view this evidence as 

only suggesting that pension risk does not affect these nonportfolio outcomes.  
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5.  Conclusions 

In this paper, we analyze how an exogenous risk imposed on people’s pension savings 

affects the way they invest their portfolios. We exploit a 2007 Dutch reform of its defined 

benefit pension system that tied people’s pension benefits and contributions to their pension 

fund’s market performance, as measured through their funding ratio. This effectively exposes 

people’s retirement savings to background market risk. We show that a decrease in 

background pension risk, as measured by a one standard deviation increase in funding ratios 

Table 7. The effects of funding ratios on other outcomes, 2007–2014 

 

Panel A       
Dependent Variables: 1 if…     

  retired 

exp. retirement 

age<65 

plans to leave 

bequest 

  (1) (2) (3) 

        

Funding ratio (standardized) -0.010 0.031 -0.004 

  (0.015) (0.041) (0.042) 

        

Outcome mean: 0.36 0.44 0.23 

R-squared 0.67 0.15 0.10 

Observations 5,268 2,626 3,772 

        

Panel B       
Dependent Variables: 1 if (very) important to save to… 

  

supplement 

pension 

not rely on 

others 

cover unexpect.  

expenses 

  (4) (5) (6) 

        

Funding ratio (standardized) -0.017 -0.001 -0.011 

  (0.030) (0.034) (0.026) 

        

Outcome mean: 0.72 0.62 0.48 

R-squared 0.12 0.09 0.08 

Observations 4,905 5,221 5,251 

        

        

Person & household characteristics  ✓  ✓  ✓ 

Pension fund fixed effects  ✓  ✓  ✓ 

Province-by-year fixed effects  ✓  ✓  ✓ 
        

 
OLS regressions. The dependent variables are dummies for whether the respondent: is retired (column (1)), expects to 

retire before the age of 65 (column (2)), plans to leave a bequest (column (3)); and whether the respondent believes it is 

important or very important (6 or 7 on a 1–7 scale) to save for: supplementing their pension (column (4)), not relying on 

others financially (column (5)), or to cover unexpected expenses (column (6)). Person & household characteristics 

include age, female, occupation, unemployed, retired, education, household members, children in household, partnership 

status, household income, and household wealth. In column (1), however, we exclude occupation as control to avoid 

perfectly predicting retirement. Standard errors clustered at the pension fund level in parentheses.  

*** p<0.01, ** p<0.05, * p<0.1 
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makes people 5.6 percentage points more likely to invest in risky assets and increases the 

share of wealth invested in risky assets by 2.9 percentage points. 

People’s behavior suggests that pension risk can substantially decrease people’s welfare. 

It is difficult to assess the welfare loss imposed on people by pension risk, yet one way of 

doing so is by comparing the potential investment outcomes of the median Dutch person and 

a person who was exposed to the least amount of pension risk since the reform was enacted. 

In the 2007–2014 period, the funding ratio for the median person in our sample decreases by 

1.9 standard deviations, yet for the best-performing fund, it increases by 0.15 standard 

deviations. A back-of-the-envelope calculation based on our estimates shows that the 

expected gap in wealth accumulation between the median and the least-exposed investor over 

these seven years is around €3,000. Our distributional effects further suggest that these losses 

could loom much larger for retirement-age and wealthier people. These estimates 

complement recent assessments that the lifetime welfare losses from retirement uncertainty 

is up to 5.7 percent of peoples’ total lifetime consumption (Caliendo et al. 2016). 

  Moreover, there might be other important welfare losses even for people who manage to 

divest from other risky assets. Van Rooij et al. (2007) show that most Dutch people are 

reluctant to take control of their retirement savings investments, and, if given a choice, would 

prefer a managed pension scheme to avoid having to make complicated pension-related 

decisions. Therefore, even if people could generally offset the effect of additional background 

risk by divesting on other risky assets, they would still have to actively rebalance their 

portfolio to offset the risk, incurring direct and indirect costs. The good news, as we also 

show, is that there seem to be no effects of pension risk on people’s retirement decisions or 

expectations, their bequest plans, or their motivations for saving. This, in many ways, 

simplifies the introduction of reforms and policies that explicitly account for pension risk as 

a behavioral response. 

  Our findings highlight a number of benefits of appropriately funded pension schemes that 

provide income certainty for people in their old age. There is a lot of value in pension 

certainty and we have shown that having more market risk on pensions can have important 

behavioral effects. Retirement plan designs should account for these nonnegligible risk 

effects, which can be quantified—as we have shown—and which could potentially be 

mitigated or outright eliminated by adopting well-designed pension insurance and risk-

sharing schemes. 
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Appendix 
 

Figure A1. Funding ratios and the inflation indexation rate of benefits, 2007–2014 

 
This figure illustrates the correlation between the funding ratio and the AEX market returns. The average funding ratio for the 

funds in our data is highly correlated (ρ̂ = 0.97) with the average inflation indexation rate of benefits in the 2007–2014 period. 

This correlation remains high (ρ̂ = 0.60) even after removing the high funding ratio and indexation rate observation in 2007. 

The funding ratio and benefit indexation rate observations average data from 31 different pension funds each year. Benefit 

indexation rate is measured in percentage points, where 0 percent means no indexation of pension benefits to inflation, 100 

percent means full indexation of benefits to inflation, and values over 100 percent mean that benefits increased more than 

inflation that year. 
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Figure A2. Correlations between funding ratios, the Amsterdam Exchange Index (AEX) 

yearly returns, and the benefit indexation rate, by pension fund 2007–2014 

 
This figure plots the distribution of correlations between the funding ratio and the AEX market returns, and between the 

funding ratio and inflation indexation rate of benefits in the 2007–2014 period. Out of 29 pension funds with complete data 

for this analysis, almost all have a high positive correlation between their funding ratios and the AEX yearly returns (y axis), 

and between their funding ratios and their benefit indexation rate (x axis). Only four funds have negative correlations between 

their funding ratio and the AEX returns, and another four have a negative (though near zero) correlations between their funding 

ratio and their benefit indexation rate. 
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Figure A3. The inverse hyperbolic sine of net household wealth in the main estimation sample, 

2007–2014 

 

 
This figure illustrates the distribution of net household wealth in the 2007–2014 period. The inverse hyperbolic sine (IHS = 

√x + (x2 + 1)) is similar to a natural logarithm transformation yet defined at zero (dashed line) and negative values. This 

transformation allows us to show the entire variation in net wealth in a simple manner. Net household wealth is the market 

value of all checking and savings accounts, single-premium annuity policies, owned real estate, business equity, and durables 

assets minus the market value of all loans, credits, credit card balances, debts, and outstanding mortgages. N = 5,268. 
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Figure A4. Job separation rates, means, and standard deviations in %, 2004–2014 

 

Source: Dutch Labor Force Survey (LFS) 2004–2015. The LFS is based on annual samples of more than 100,000 inhabitants, 

of which approximately 70,000 are employed in 21 industries. Annual percentages are those employed who were unemployed 

one year later. The financial crisis impacted The Netherlands in October 2008, which is indicated by the vertical dashed lines. 
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Figure A5. Means and standard deviations of employment rates, 1997–2014 

 

 

Source: Dutch Labor Force Survey (LFS) 2004–2014. The LFS is based on annual samples of more than 100,000 inhabitants, 

of which approximately 70,000 are employed in 21 industries. The financial crisis impacted The Netherlands in October 2008, 

which is indicated by the vertical dashed lines. 
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Figure A6. Variation in Dutch pension funds’ funding ratios in the placebo period, 1994–

2006 

 

 
The solid line shows the unadjusted funding ratios for the placebo period. The dashed line represents these same funding ratios 

adjusted by subtracting the pension fund- and year-specific means and then adding the overall funding ratio mean to make 

both distributions comparable. This figure is based on 249 pension-fund-by-year observations 
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Table A1. Comparison of main estimation sample with all available DHS data 

 

  Estimation Sample   DHS 2007–2014     

  Obs. Mean   Obs. Mean   Difference 

                

Funding ratio (unstandardized)         5,268  1.087           8,340  1.090   -0.004 

Own risky assets         5,268  0.256         10,716  0.254   0.002 

Share of wealth in risky assets♦         1,348  0.396           2,718  0.401   -0.005 

                

Female         5,268  0.364         18,237  0.437   -0.073 

High school degree         5,268  0.313         18,224  0.317   -0.003 

University degree         5,268  0.493         18,224  0.450   0.043 

                

Occupation:               

Employed         5,268  0.627         18,237  0.625   0.002 

Self-Employed         5,268  0.009         18,237  0.078   -0.069 

Unemployed         5,268  0.009         18,237  0.021   -0.012 

Retired         5,268  0.356         18,237  0.276   0.079 

                

Household Composition:                

Living alone         5,268  0.195         18,237  0.138   0.057 

Partner, no children         5,268  0.490         18,237  0.462   0.028 

Partner, with children         5,268  0.275         18,237  0.363   -0.088 

No partner, with children         5,268  0.024         18,237  0.018   0.006 

Other         5,268  0.016         18,237  0.018   -0.003 

                

People in the household         5,268  2.396         18,237  2.612   -0.215 

Children in the household         5,268  0.593         18,237  0.744   -0.150 

Household net wealth (€1,000)         5,268  73.173         13,888  77.093   -3.920 

                

Household's net income (in Euro):             

less than €10,000         5,268  0.022         11,284  0.029   -0.007 

between €10,000 and €14,000         5,268  0.011         11,284  0.017   -0.006 

between €14,000 and €22,000         5,268  0.058         11,284  0.067   -0.009 

between €22,000 and €40,000         5,268  0.285         11,284  0.275   0.010 

between €40,000 and €75,000         5,268  0.435         11,284  0.419   0.016 

€75,000 or more         5,268  0.168         11,284  0.165   0.004 

don't know         5,268  0.021         11,284  0.029   -0.008 
♦Share of wealth in risky financial assets are conditional on positive risky financial asset holdings.   
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Table A2. Placebo analyses of the heterogeneous effects of funding ratios on people’s 

decisions to hold risky assets, 1994–2006 

 

Dependent Variable:  1 if person invests in risky assets   

Effect of  

funding ratio (standardized) if:  

Received 

overview 

Aware of 

indexation Retired 

Risk-

Averse 

  (1) (2) (3) (4) 

          

Yes 0.033 0.021 -0.015 -0.017 

  (0.038) (0.026) (0.024) (0.025) 

No 0.063 -0.016 0.005 0.005 

  (0.040) (0.020) (0.024) (0.023) 

          

Individual & household characteristics  ✓  ✓  ✓  ✓ 

Pension fund fixed effects  ✓  ✓  ✓  ✓ 

Province-by-year fixed effects  ✓  ✓  ✓  ✓ 
          

R-squared 0.27 0.33 0.27 0.34 

Observations 2,032 1,029 3,398 3,375 

          

          

 
Average marginal effects of the standardized funding ratio in OLS regressions that interact the funding ratio with whether 

people report receiving their yearly pension overview (column (1)), are aware of their pension indexation policies (column 

(2)), are retired (column (3)), or score above the median in risk aversion (column (4)). The dependent variable is a dummy that 

takes the value of one if the person owns risky assets (stocks, mutual funds, growth funds, and options) in the pre-reform 

period of 1994–2006. Marginal effects based on fully interacted models (except for fixed effects). Person & household 

characteristics include age, female, occupation, unemployed, retired, education, household members, children in household, 

partnership status, household income, and household wealth. Standard errors clustered at the pension fund level in parentheses.  

*** p<0.01, ** p<0.05, * p<0.1 
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Table A3. Selective nonresponse analyses for measures of other outcomes, 2007–2014 

 
Dependent Variable:  1 if response is missing or "do not know" for…    

      (very) important to save to… 

Effect of  

funding ratio (standardized) if:  

Exp. 

retirement age 

Plans to leave 

bequest 

supplement 

pension 

not rely on 

others 

cover unexp.  

expenses 

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

            

Funding ratio (standardized) -0.024 0.037** -0.002 -0.007 -0.011 

  (0.029) (0.014) (0.004) (0.006) (0.021) 

            
Mean of dependent variable 0.50 0.28 0.00 0.01 0.07 

            

Person & household characteristics  ✓  ✓  ✓  ✓  ✓ 

Pension fund fixed effects  ✓  ✓  ✓  ✓  ✓ 

Province-by-year fixed effects  ✓  ✓  ✓  ✓  ✓ 
            

R-squared 0.61 0.49 0.05 0.05 0.25 

Observations 5,268 5,268 5,268 5,268 5,268 

            

            

 
OLS regressions using 5,268 person-year observations from 1,937 respondents. The dependent variable is a dummy that takes 

the value of one if the respondent has missing data or responded “don’t know” for the dependent variable. Person & household 

characteristics include a linear age term and dummies for gender, occupation and unemployment status, highest level of 

education, number of household members, children living in the household and partnership status, seven dummies for net 

household income bracket, and ten decile dummies for net household wealth. There are 30 pension fund fixed effects, eight 

year fixed effects, and 96 province-by-year fixed effects. Standard errors clustered at the pension fund level in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1 

 




