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Abstract
We investigate the cause of the increase in mortgage investments by pension funds after the financial crisis. We
show that, after the introduction of the new financial assessment framework in 2015, funds that experienced lar-
ger reductions in the funding ratio during the 2008–2012 crisis investedmore inmortgages.We test the hypoth-
esis that a past recovery mode has motivated pension funds to invest more in mortgages after the crisis. Funds
that seek to further hedge their interest rate risks aim for a different risk/return investment profile. Mortgages
could contribute to a less risky portfolio, as they have become even safer since the introduction of several
new regulations in 2013. Recovery modes after the crisis combined with the new framework are a cause of
the recent surge in mortgage holding by pension funds; we find that this led to a 39% increase in their mortgage
investments, despite the fact that these are still low relative to the overall investments of pension funds.
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1. Introduction

In this study, we discuss the effect of the new financial assessment framework (in Dutch Financiele
toetsingkader, FTK) on mortgage investments by pension funds. This specific topic is relevant in
the broader context of funds’ asset allocation.

Academic contributions have discussed the effect of regulations on the asset allocation of pension
funds (e.g., An et al., 2013). Boon et al. (2018) show that risk-based capital requirements and
mark-to-market valuation are more associated with the reduction in the share of risky asset than
the characteristics of fund itself (size, share of retired members, inflation indexation, etc.). They
show that the funding requirement reduced risky asset exposure especially during the financial crisis.
Rules on discount rates also impact the asset allocation of pension funds. Those with higher discount
rates have riskier portfolios (Novy-Marx and Rauh, 2009; Pennacchi and Rastad, 2011; Mohan and
Zhang, 2014). Andonov et al. (2017) show the relevance of regulation on liability discount rates com-
paring US public funds with either US private funds or funds in Canada, the Netherlands, and UK.

Research on the determinants of the allocation of pension funds’ investments to private equity, hedge
funds, and real estate is also gaining momentum. Defau and De Moor (2021) show that these alternative
investments are more likely to be driven by low interest rates and portfolio diversification. Andonov
et al. (2015) find that the size of the funds and investment management (internal vs. external) matters
for the real estate investments. Gerber and Weber (2007) also focus on real estate but they show that
maturity (age structure) or the share of short-term benefit payouts affects their real estate portfolio.
Private equity investments are also more associated with the size of funds (Chemla, 2005;
© The Author(s), 2022. Published by Cambridge University Press

Journal of Pension Economics and Finance (2024), 23, 89–110
doi:10.1017/S1474747222000221

https://doi.org/10.1017/S1474747222000221 Published online by Cam
bridge U

niversity Press

mailto:m.mastrogiacomo@vu.nl
https://doi.org/10.1017/S1474747222000221


López-Villavicencio and Rigot, 2013; Dyck and Pomorski, 2016). Bouvatier and Rigot (2013) show that
portfolio diversification and size are important determinants of investments in hedge funds. Recent studies
on illiquid assets are also worth mentioning. Broeders et al. (2021) show that liquidity and capital require-
ments are important when deciding the share of illiquid assets. Jansen and Tuijp (2021) show that invest-
ment costs, supervisory requirements, and portfolio management are significant factors too.

Also the intersection between regulation and these alternative investments has been researched. For
instance, lifting the quantitative limit on investment in real estate increased investment in other assets
in Canada including real estate and hedge funds (Willis Towers Watson, 2019) and reduced liquid
investments (Bédard-Pagé et al., 2016).

These topics are relevant because they relate to the developments in financing residential housing
and mortgages. We discuss the case of the Netherlands extensively below, but also UK and Canadian
pension funds have invested more in mortgages (Wong, 2018) in recent years. The same happened
also in Sweden (Fixsen, 2019) and in Denmark where pension funds started filling the gap left by
banks after the house price crisis (Gujun, 2021).

Given this context, we show that, in the Netherlands, the FTK played a significant role in the increase
of mortgage underwriting by pension funds, along with other factors such as falling interest rates and
increased macroprudential regulations resulting in safer mortgages. The FTK framework can be seen as
a macroprudential tool, as it establishes some key parameters in the relationship between an important
segment of the financial sector and the supervising authority, the Dutch National Bank (DNB) in this case.

The residential mortgage market has traditionally been the playing field of banks. However, since
the end of 2015, only 48% of newly issued mortgages were funded by the three largest banks in the
Netherlands. A large market share was therefore left untapped by banks that may have been influenced
by the higher capital requirements imposed by the latest Basel agreements. Their market share has
been taken on by other institutional investors, including pension funds which, not having their
own purchase channel, have mostly used specific vehicles. Almost a quarter of new mortgages were
provided by these new non-bank lending platforms that used brokers or websites to sell home
loans on behalf of institutional investors (Hale, 2016a). The other institutional investors are mostly
insurance companies or mortgage funds. This interesting new phenomenon motivates this study, in
which we also investigate the characteristics of the loans supplied by pension funds and compare
them to those funded by banks. Our empirical evidence is based on a new and unique dataset, the
Mercurius data of De Nederlandsche Bank (DNB, the central bank of the Netherlands), which is
an appendix to the Loan-Level Data initiative of DNB. This initiative covers almost the entire universe
of mortgage owners in the Netherlands (nearly 80% of them) and includes granular information on
loans and borrowers. This micro-dataset contains loan-by-loan and borrower information on mort-
gage debts written by insurance companies and pension funds. We combine the micro data with
the balance-sheet information of the pension funds. In this way, it is possible to simultaneously
observe the characteristics of the borrower to whom the debt is issued and those of the fund.

We test the hypothesis that the recent increases in mortgage investments by pension funds are due
to the combined effect of their past recovery modes and the introduction of the new FTK. The new
FTK was published in the Netherlands in June 2014 and became effective in January 2015 in order
to make the Dutch occupational pension system more sustainable, stable, generationally fair, and
more resilient in times of financial crises. It is in essence not very different from the previous super-
visory framework, although it made it possible to increase the risk profile (required funding ratio)
once, when the new FTK was introduced. This is why it still requires pension funds to maintain a
high performance, but with renewed attention to investment risks in order to avoid sudden drops
in benefits or increases in premiums. Funds must also manage risk by conforming to risk assessment
requirements, most notably the required funding ratio of funds in recovery mode would be lifted if
these were to invest in risky assets. As Dutch mortgages are a relatively safe product with low defaults,
these are now more appealing for pension funds that need to rebalance their investment decisions in
terms of the risk/return options as required by the FTK. For this reason, we will also consider the
asset allocation of the funds before the financial crisis. Dutch mortgages, which were already subject
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to a full recourse system, have become even safer assets since the full amortization rules and a cap on
LTV were introduced in 2013. Within Solvency 2, the financial assessment framework for insurance
companies, Dutch mortgages are classified as low-risk products. Moreover, mortgages are long-
duration assets that hedge well against the interest rate risk of pension funds (due to their long-term
liabilities); they should be especially attractive investments to the funds that suffered most during the
2008–2012 recession and could be penalized more heavily within the new FTK.

We test the effectiveness of the call in the FTK for safer investments (by low-performing pension
funds) by looking into mortgage-underwritings after the crisis. We look at the difference in mortgage
investments by pension funds that had a poor performance after the crisis in recent years. The link
with the new FTK is based on two ideas. The first is that this framework became operative in 2015.
The second is that the basic principle of the new framework is that only financially solid funds
have autonomy in making their management decisions (e.g., indexing benefits, making risky invest-
ments, or lowering premiums). Their financial solidity is linked not only to the level of their funding
ratios, but also to their approach to risk in investments, which is also stress-tested. In this regard, lower
performing funds might want to make their investments safer and further hedge their interest rate
risks by issuing more mortgages. To frame this properly, think of the following example. Stocks
give a higher expected return, but funds in recovery would face more stringent funding ratio require-
ments when buying additional shares. With mortgages this is not really the case, and mostly applies to
safer mortgages, so funds in a deficit situation might shift their portfolio to safer mortgages. Funds that
are in better shape and not in deficit can also purchase mortgages (even with more credit risk), thus a
meaningful contribution of this study is the fact that we account for these risks.

One of the plausible reasons for the poor performance of pension funds during the 2008–2012 crisis
is related to lower immunization of the fund before the crisis. Other reasons could be specific policies of
the funds (such as granting premium holidays in periods of high stock returns) or a less-diversified
portfolio. Immunization is an investment strategy that is designed to minimize interest rate shocks
by matching the duration of the assets to that of liabilities. It can be desirable for long-term investors
such as pension funds and insurance companies. The more a fund immunizes its liability, the better it is
for the funding ratio when there is a negative shock to the interest rate. However, there are several rea-
sons for this partial immunization. First the size of the Dutch pension sector is huge, €1,000 billion as
of 2012, so the government bond market cannot absorb such hedging demands (Barnes, 2012). For this
reason, large pension funds often rely heavily on derivatives such as swaps1 and swap options to better
match the interest rate risks, although the market for these products is small relative to their investment
capacity. Small pension funds on the other hand have less access to those derivatives. Second, risk diver-
sification, yields, and liquidity risk (Inglis et al., 2013) are also linked to partial immunization.2

The results of partial hedging became evident with the financial crisis, when 75% of Dutch pension
funds experienced substantial reductions in their funding ratios (DNB, 2014). As Beetsma et al. (2015)
show, in the early stages of the financial crisis the funding ratios dropped mostly due to decreases in
asset (equity) values, while in the later stages the ratios tumbled significantly, as ‘flight to safety’ was
pervasive and interest rates plunged. This is why the second stage is where we can test how much pen-
sion funds were ready to immunize their financial position against interest rate risks.

In fact, after the crisis, almost three-quarters of all pension funds had record-low funding ratios –
below the required minimum of 105%3 – and have since been in recovery mode (DNB, 2014). In

1Liquidity risk is inherent in interest rate swaps; when interest rates increase (and the value of the swaps decreases) pension
funds should have enough high liquidity bonds (e.g., triple A bonds) or cash-at-hand as collateral (DNB, 2011). Swap options
eliminate those problems, but they also imply costs (premiums).

2Corporate bonds have inherent credit and default risks, and treasuries deliver low investment returns. Moreover, once
actuarial assumptions (life expectancy, working duration, etc.) change rapidly or unexpectedly, pension funds also take rele-
vant liquidity risks.

3Under the capital requirement of the previous FTK, all pension funds should keep their funding ratio at a minimum of
105% at all times. The funds whose funding ratio is below 105% must adopt recovery plans, so here we regard those pension
funds as less-immunized funds (treatment group).
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addition, the prolonged low interest rate period and the new discount rates set in the third quarter of
2015 have undermined the financial position of pension funds. Pension funds in 2014 might have been
pushed to invest more in safer products; this would be particularly true for those funds that were in
recovery mode and had to take several financial actions4 or those that performed poorly during
stress-test exercises.

In this study, we show that pension funds with recovery plans had 25% points lower funding ratios
relative to funds without such plans at the peak of the financial crisis and that this difference has
reduced slowly in the years that followed and further narrowed only after the new FTK was introduced.
We also show that the increase in mortgage investments also took place for insurers, but in their case,
this was not as sudden as for pension funds. The risk profile of mortgage investments of pension funds
is also different from those of banks, the main players on this market. This partly depends on the fact
that funds entered the market in a period when house prices were increasing again, interest rates were
historically low and once some additional macroprudential policies were implemented, but it is also
due to investment choices.

We use these results to elicit the effect of the supervisory framework on mortgage investments. Our
results suggest a combined effect of the original supervisory framework, which is exemplified by the
imposition of recovery mode, and the new FTK introduced in 2015 on the mortgage investments of
lower performing funds. We find that this led to a 39% increase in their mortgage investments, despite
the fact that these are still low relative to the overall investments of pension funds. Also, the results
show that pension funds tend to invest in relatively safer debt (at lower LTV and amortizing) than
traditional mortgage suppliers (banks). Also we provide descriptive evidence that shows the import-
ance of this timing. As pension funds stepped in 2015, later relative to mortgage funds and insurers,
their portfolio is characterized by lower risk. After 2013 not only LTV caps were sharpened and
interest-only mortgage were penalized, but the lower interest rate induced many borrowers to lock
in the lower rates by fixing the interest rate for most of the contract duration. Moreover, the funds
which performed badly during the financial crisis not only preferred to supply more mortgages but
also to have safer debts compared with those that needed no recovery process.

The rest of this study is organized as follows. Section 2 presents a literature review and Section 3
explains some institutional details. Section 4 presents the dataset and methodology along with descrip-
tive statistics. Section 5 reports on empirical results and robustness checks. Finally, Section 6 discusses
policy implications and provides conclusions.

2. Literature review

Our proxy for low-performing funds is based on observing the performance of pension funds during
the 2008–2012 recession. The low performance of pension funds was largely due to the fact that,
because of the asset-price crisis, pension funds booked large losses on their investment portfolios
(first stage, third quarter of 2008) and sudden increases in the value of their liabilities (second
stage, fourth quarter of 2008). Only more immunized funds were able to protect their funding ratios
in the second stage.

Leibowitz (1986) describes immunization as a strategy of portfolio construction for an investor to
immunize a schedule of liabilities against a certain range of interest rate movements. Previously Grove
(1974) presented his immunization rule and stated that decision makers always choose equal values of
the weighted durations of asset and liability streams, i.e., they always act to hedge their net worth
against interest rate movements. Besides duration matching, immunization can also be achieved by
cash-flow matching. According to Inglis et al. (2013), the aim is to match the cash inflows of the port-
folios to the cash outflows of liabilities. This strategy is especially attractive to insurers and pension
funds since their long-term liabilities are susceptible to interest rate changes. In our study, we inves-
tigate one such case.

4Increasing premiums, reducing pension benefits, or temporal discontinuity in indexation.
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Several choices in the years preceding the crisis (indexation to prices or even stopping collecting
premiums at times) had also caused the financial position of several funds to deteriorate.
According to Bauer et al. (2006), the financial position of pension funds depends on exogenous eco-
nomic variables (interest rates and inflation) and policy variables (contribution, indexation, and
investment policy). In relation to the asset liability management of pension funds, Bauer et al.
(2006) also distinguished various factors that affect changes in liabilities from those that affect changes
in assets. On the one hand, the values of their liabilities fluctuate due to interest rates, inflation, policy
(retirement age), or demographic factors (life expectancy). On the other hand, the changes in their
assets are caused by pension payments, contributions, and investment returns. Among those factors,
interest rates affect both sides of the balance sheet through the discount rate (Mulvey et al., 2000; Bauer
et al., 2006). This is why an immunization strategy can be used to hedge the interest rate risk of pen-
sion funds in addition to the strategy of being armed with derivatives (e.g., interest rate swaps). The
simplest liability-driven investment (LDI) is the one that exploits an immunization strategy through
duration matching to eliminate the effect of interest rate changes (Inglis et al., 2013).

The liabilities of pension funds are very vulnerable to interest rate movements; as the pension bene-
fit itself has an extremely long payment schedule, downward (or upward) changes in discount rates
significantly and upwardly (or downwardly) affect the present value of their liabilities. As stated in
Keintz and Stickney (1980, p. 224), downward interest rate changes have an impact on the market
value of existing fund assets – also in the opposite (upward) direction. By properly coordinating
the relationships between assets and liabilities, pension funds can be immunized from market (interest
rate) movements (Keintz and Stickney, 1980).

Policy variables are also important to the financial position of the pension funds. Indexation policy
is one of the main variables that determine the financial position of pension funds, along with con-
tribution strategy. In order to guarantee the real value of pension rights, pension funds exploit index-
ation policy for pension benefits to ‘catch’ the inflation rate, either following wage or price growth
rates. According to Bauer et al. (2006), pension funds can guarantee the real or nominal rights of
the pensions by implementing a full or no indexation scheme. The indexation degree can be condi-
tional on the financial status of the pension funds or a decision by the Board. In an aging society
or in a mature pension system with more pensioners than active participants, an adjustment in index-
ation can be more powerful than changes in contributions. Contributions are another policy variable
that affects fund performance. These are payments by current workers, but this instrument is less
effective when the population is aging, and the number of active participants is shrinking.

3. Institutional details

3.1 Pension sector

As of 2012, pension funds in the Netherlands hedged approximately half of their interest rate risks on
average (DNB, 2013), while 93%5 of them conditionally indexed their benefits to prices. As the reduc-
tions in funding ratio were largely due to lower interest rates, we focus here on interest rate risk and
hedging against it. Short-term (less than five years of maturities) liabilities were fully hedged with
fixed-income or interest-rate derivatives, while the longer-term liabilities were only hedged by 50%.
As noted in DNB (2011), the degree of hedging reduces as the maturities of future liabilities increase
from five to 30 years and, with regard to those beyond 30 years, pension funds scarcely hedge against
them. Their degree and the structure of interest rate hedging are clearly shown in Figure 1 (DNB,
2013) below.

Pension funds whose funding ratios dropped below 105% in 2008 had to set up a recovery plan,
choosing from among the following options: increasing premiums, reducing or stopping indexation,

5They also levied premiums of 16% on average. As of 2012, indexation policy of all Dutch pension funds (1,948) was dis-
tributed as follows: conditional indexation (92.6%), no policy (6.6%), no commitments (0.3%), and mixed conditional/uncon-
ditional indexation (0.5%) according to DNB Statistics (2019).
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or cutting benefits. In Figure 2a, we divide all pension funds into two types: those with recovery plans,
and those without recovery plans. The average funding ratios of both types of pension funds had simi-
lar patterns, and sometimes similar levels, before 2008. However, in 2008, the average funding ratio of
the funds with recovery plans tumbled and almost hit 0.8, while that of better performing funds (the
one without recovery plans) fell less (to 1.2).

The differences in average funding ratios between two groups are depicted in Figure 2b and this gap
was especially large in 2008. Zooming into the quarterly funding ratio and its growth rates in
Figure 2c, we see better what happened during 2008. Beetsma et al. (2015) note that risky asset col-
lapse happened first in the third quarter of 2008 – soon after the Lehman Brothers bankruptcy – and
the plunge in interest rates followed because of ‘flight to safety’ in the last quarter of 2008. Figure 2c
apparently shows that the latter effect was stronger for the funds with a recovery plan, explaining why
this group had to take several actions to improve their financial status.

Referring to Figures 2a and 2b, after 2009–2010 – also as a result of recovery plans – the gap
between two types of funds gradually narrowed. This happened after the new FTK was introduced,
when the average funding ratios of low immunized funds climbed back up to the threshold level
(1.05). A previous FTK had already been in place since 2007, but consultations about its reform started
in 2010 with the aim of fixing some of the inadequacies exposed by the financial crisis. Two commit-
tees, which were established to investigate the sustainability of pension funds, concluded that a new
assessment framework was needed (Spaan, 2012) in order to mitigate the risk of sudden changes in
pension premiums or benefits. In June 2014, the new FTK was published, and it became effective
from January 2015 (DNB, 2014). The goals of the new FTK were to make the occupational pension
system less vulnerable to exogenous shocks, more balanced among generations, and more stable in
terms of cuts/lifts in benefits (and premiums), thus ensuring a more sustainable system.

Figure 1. Average cash outflows and inflows of Dutch pension funds predicted in 2012.
Explanatory Note: Cash outflows of pension benefits (liabilities) and expected cash inflows (redemptions and coupon payments) of
investments in fixed-income securities (interest-rate derivatives, sovereign bonds, and other fixed-income securities) in € billion per
year for the next 80 years, at year-end 2012.
Source: DNB 2013.
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Several main changes applied from 2015 that are relevant to this study. The new rules had less strict
requirements for recovery plans, as pension funds could change their funding ratio requirement once
after the introduction of the new FTK. Also the recovery plan period was reorganized; it went from 15
years from the start of the deficit to 10 years from the start of the recovery plan. Indexation was only
allowed from a funding ratio of 110% (Shu et al., 2016), with each percentage above 110 being allowed
to lead to an indexation of 0.1%. A policy funding ratio was introduced (the moving average of the
funding ratio over the past 12 months). The new UFR methodology was also implemented, which
eventually implied that the discount rate fell to 1.9% for 30 years and 2.5% for 60 years, away from
the flexible UFR asymptote of 3.3%.

Furthermore, the required buffers went up. A fund with an indexation ambition would need a
funding ratio of 128%. The test for Minimum Required Equity (under Article 132 of the Pensions
Act) was maintained. This Required Equity increased by an average of approximately 5%, implying
higher future premiums and buffers. Finally, a feasibility test was introduced, whereby a fund must
periodically demonstrate that it has feasible ambitions in the long run (Hoekert and Troost, 2015;
Hoekert et al., 2018).

A public stress test performed in 2015 by the European Insurance and Occupational Pensions
Authority (EIOPA) challenged these criteria. It showed that Dutch pension funds are especially

Figure 2. (a) Average funding ratios of two types of pension funds. (b) The difference in funding ratios between two types of pen-
sion funds. (c) Growth rate of the funding ratios of two types of pension funds.
Explanatory note: Source: pension funds’ balance-sheet data from DNB, own computations.
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vulnerable to interest rate changes and shocks in variable-yield securities (e.g., stocks) (see DNB,
2016a). This last element made mortgages a safer and attractive investment vehicle for pension
funds. Relative to alternative safe investments, such as government bonds (in the period that we dis-
cuss here, the return on Dutch and German government bonds was actually negative), mortgages had
higher returns.

Pension funds were also required to use a new discount rate for their liabilities, which was lower
than the previous one, and this reduced their funding ratio. The decision to implement this new
Ultimate Forward Rate (UFR) was published in July 2015 by DNB. The UFR was used to follow
the market term structure (swap rates) for maturities below 20 years and gradually moved from 20
toward 60 years, to the pre-determined convergence level of 4.2%, a sum of 2% (long-term inflation
expectation) and 2.2% (long-term expectation of the short-term real interest rates). However, within
the new UFR, the convergence level has changed, and it is now calculated every month as a
120-month historical average of the 20-year forward rate (DNB, 2012; Van Stee, 2019). Afterwards,
the new discount rates between 20 and 60 years are therefore estimated as lower than previously.

3.2 Mortgage market

Dutch mortgages are issued under a full recourse system, which means that legal devices are in place
which are designed to protect mortgage lenders in case of default, and this has led to relatively low
default rates. In the case of inevitable repossession, Dutch mortgage lenders can sell the collateral with-
out legal eviction (see DNB, 2016c). They also have full recourse to borrowers, including other assets
and even their future income (Leeuwen and Bokeloh, 2012).

Moreover, one-third of Dutch mortgages are guaranteed by the state using an insurance against
residual debt called the Nationale Hypotheek Garantie (NHG), i.e., National Mortgage Guarantee
(see Hale, 2016b), which substantially reduces expected losses. Mortgages are attractive to pension
funds because of the potential for diversification (see Trappenburg, 2015) and hedging. Dutch pension
funds have historically favored other types of investments (Broeders et al., 2021), but have significantly
increased their mortgage investments since 2014 (Figure 3).

Before 2013, the Dutch mortgage portfolio, which was mostly held by banks, consisted of 60% of
interest-only mortgages (Mastrogiacomo and Van der Molen, 2015). As full amortization was then
required for new loans, new mortgages with less risk were originated. At the same time, LTV limits
were also reduced, making Dutch mortgages safer. This, too, triggered greater participation of pension
funds in mortgage markets. We will therefore consider in our empirical analysis both the share of

Figure 3. Amount of mortgage investments (in € million) by pension funds per quarter.
Explanatory note: Source: LLD (2018q4) and Mercurius data (2019q2) of DNB, own computations.
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interest-only loans and the LTV of the mortgages being purchased. As the Dutch economy recovered,
house prices have bounced back to their original level, thus drastically reducing the share of under-
water mortgages as well (DNB, 2016b).

Figure 3 also shows a surge in mortgage investments for insurers and mortgage funds. Interestingly
enough, also for insurers the surge seems to accelerate after the implementation of the relevant finan-
cial assessment frameworks. We mean both those of banks – as some insurers participate in financial
conglomerates – (thus Basel 3 in 2010–2013) and their own (Solvency II in 2016). This indirectly sup-
ports the results for pension funds that we show in the next section.

In this study we only look at direct mortgage investments. When banks securitize mortgages, in our
data these loans are attributed to banks, and cannot be separately identified. However pension funds
invest in these securitized pools too, thus creating an indirect exposure to mortgages too. According to
DNB statistics, prior to the introduction of the FTK for instance, of the 30.6 billion euros in mortgage
investments by pension funds, 17.8 billion euros was invested in RMBS, 1.4 billion of this was held in
Dutch RMBS. Only a smaller part (9.1 billion euros) of the total mortgage portfolio was invested dir-
ectly in Dutch residential mortgages.

4. Data and descriptive evidence

4.1 Loan-level data on institutional investors

For the empirical analysis, we combine two data sources: The Mercurius Loan-Level Data and the
balance-sheet data of pension funds. The Mercurius Loan-Level Data of DNB are a dataset on the indi-
vidual mortgage loan profiles held by non-banking financial institutions, including institutional inves-
tors, such as pension funds, and insurers. Since these details have never been obtained before from
these types of institutions, the data are unprecedented. As the market shares of the non-bank sector
in the mortgage market started to increase, DNB launched a new monitoring action, and the data were
collected for the first time in the second quarter of 2016. Mortgage information here is retrospective.
This means that we observe all mortgages present in the pension funds’ portfolios at a given point in
time, and here this is 2019q2. For all loans that are still performing in 2019q2, we observe information
both as it was at origination (either at purchase or renegotiation) and current (2019q2). This has sev-
eral implications. Dynamic selection could appear at renegotiation, for instance because a loan origi-
nated in 2000 and renegotiated in 2010 could seem in 2019 more recent than it actually is. We show in
the online Appendix (see Figure A1) that this does not happen rapidly. The vast majority of renego-
tiations in the Netherlands only involve resetting the interest rate, which fortunately does not over-
write the origination date in our data. Should the renegotiation also involve a shift to a different
provider, then the original information is lost. As in all retrospective datasets, also those who redeemed
mortgages in the past are no longer considered as performing at reporting date.

According to the reporting instructions published by DNB (2017), 24 characteristics must be deliv-
ered. These consist of borrower (age, employment status, etc.), collateral (valuation amount, property
postcode, etc.), and loan characteristics (loan-origination date, original balance, original LTV, type of
guarantee provider, loan payment type, maturity, debt to income, etc.).

Pension fund characteristics (funding ratios, total assets, total number of participants, etc.) are pro-
vided by the balance-sheet data of pension funds. Using these data, we create two proxies of immun-
ization for the investment policy of each fund. First a dummy, indicating the assignment of a recovery
plan. No pension fund had a funding ratio below 105% in the third quarter of 2008 in our sample. This
is why the relevant funding ratios for the assignment of the recovery modes are the ones at the end of
the fourth quarter of 2008; thus, having a recovery plan means that funding ratios were below 105% in
that quarter. Second, the degree of immunization is proxied by the reduction in funding ratios in the
fourth quarter of 2008, relative to the third quarter of 2008. We consider pension funds whose funding
ratios dropped by more than 15% to be low immunized.

The Mercurius Loan-Level Data, combined with the balance-sheet data of pension funds, enables
us to conduct this investigation in the form of a quasi-natural experiment.

Journal of Pension Economics and Finance 97

https://doi.org/10.1017/S1474747222000221 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1474747222000221


4.2 Descriptive statistics

Thanks to the individual loan-level data on the whole range of financial institutions, we present a
retrospective path of mortgage exposure by institutions and their market shares in Figure 4. The mar-
ket grew significantly since the 2013s and was dominated by banks, while the share of banks has been
declining.

Pension funds started increasing their mortgage investments in 2014. With the Basel
III agreements, the quantitative and qualitative capital requirement of banks were tightened (DNB,
2015) and banks reduced their supply of mortgages. Institutional investors, mostly insurers and pen-
sion funds, have filled this gap. Pension funds mortgage underwriting increased, again possibly also
due to the new FTK. As of 2015, pension funds supplied about 5% of the total mortgage debts in
the market. According to Dodds (2015), the institutional investments in mortgages were expected
to grow and take market shares of 15–25% over the next several years.

In our data, we can look at funds’ underwriting by household or loan characteristics; as an illus-
tration we do so looking at loan types, NHG, and LTV. Figure 5a shows mortgage debt by loan
type. Mortgages undertaken by pension funds are somewhat more often amortizing (linear and annu-
ity), thus less risky relative to banks. And since 2013, tax deductibility has become only applicable to
fully amortizing mortgages. For this reason, interest-only and deferred-amortization loans nearly dis-
appeared, and pension funds invested in amortizing loans (relatively) even more since 2015 compared
to banks (Figure 5b).

Due to the new regulations introduced in the 2011 code of conduct, the LTV ratios of new mort-
gages were capped at 110% and decreased by law to 106% in 2012 to then step further down by 1%
every year until they reached a cap of 100% in 2018 (DNB, 2016b). Figure 6a clearly shows that pen-
sion funds have invested more in low-LTV mortgages relative to banks, especially for the category
below 100%, and they had no top-risk mortgages (above 130%). Since 2015, the portfolios of pension
funds and banks became more similar in terms of LTV distribution, with the notable exception of pen-
sion funds that do not yet invest in the high-risk LTV segment.

Figure 7 shows how mortgage loans issued more recently by pension funds have more often a
longer interest rate reset frequency at origination relative to the portfolio of banks and relative to

Figure 4. Mortgage debt by origination year and by mortgage originators (in € million).
Explanatory note: Source: LLD (2018q4) and Mercurius data (2019q2) of DNB, own computations.
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mortgages issued by pension funds before 2015. A longer reset horizon immunizes borrowers from the
risk of interest rate shocks and makes their mortgages safer relative to loans with revolving interest
rates. If pension funds use mortgages to hedge their portfolio, it is consistent to invest in loans that
are relatively better hedged against such risk.

Mortgage loans can be backed up by a state guarantee known as NHG (see Kim et al., 2019 for
details), which is an insurance for borrowers against residual debt after selling a collateral. Only bor-
rowers who purchase houses with a value below €245,000 qualify for the insurance as of July 2015
(NVB, 2016) and this threshold changes nowadays following average house price. As Figure 8a indi-
cates, 22% and 18% of the mortgages were covered by NHG for banks and pension funds, respectively.
When looking at recent production (Figure 8b), those issued by pension funds were more likely to be
insured by NHG (29% for pension funds, 21% for banks).

Figure 5. Mortgage debt by loan payment type (a) before 2015 (b) since 2015.
Explanatory note: The vertical axis shows the relative composition in investment shares. Volumes are reported above the bars in million
euro for banks and pension funds separately.
Source: LLD (2018q4) and Mercurius data (2019q2) of DNB, own computations.

Figure 6. Mortgage debt by original LTV (a) before 2015 (b) since 2015.
Explanatory note: The vertical axis shows the relative composition in investment shares. Volumes are reported above the bars in million
euro for banks and pension funds separately.
Source: LLD (2018q4) and Mercurius data (2019q2) of DNB, own computations.
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Lastly, borrower age profiles are also reported in our data. Age distributions are very similar across
different institutions especially for the mortgages invested since 2015. While Figures 6a and 6b suggest
a lower risk taking of pension funds already before the introduction of the new framework in 2015, the
share of NHG seems to suggest lower risk taking since 2015. Evidently, two-dimensional descriptives
do not allow to relate the complexity of the developments on the mortgage market. For instance, pen-
sion funds stepped in market more recently, thus after the introduction (and progressive sharpening)
of LTV caps, and in a period when the qualification criteria of NHG often changed (the qualification
threshold has first been increased sharply, then reduced abruptly and frozen; when the data were col-
lected it had stayed behind price developments for some years).

Figure 7. Mortgage debt by original interest rate reset period (a) before 2015 (b) since 2015.
Explanatory note: The vertical axis shows the relative composition in investment shares. Volumes are reported above the bars in million
euro for banks and pension funds separately.
Source: LLD (2018q4) and Mercurius data (2019q2) of DNB, own computations.

Figure 8. Mortgage debt by NHG coverage ratio (a) before 2015 (b) since 2015.
Explanatory note: The vertical axis shows the relative composition in investment shares. Volumes are reported above the bars in million
euro for banks and pension funds separately.
Source: LLD (2018q4) and Mercurius data (2019q2) of DNB, own computations.
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5. Model and estimation results

5.1 Mortgage investment by two types of pension funds

Funds that were subject to recovery plans (our treated group) have invested more in mortgages since
2014 (see Figure 9). Previously, there was a common trend in mortgage investments by all pension
funds whereby very little was being underwritten.6 As there is no reason to suspect that mortgages
by pension funds with/without recovery plans had survived unequally before 2008, the similarity in
their level of investments suggests the validity of the common trend shown in Figure 9.7 The figure
shows that the funds that underwent the first recovery modes from 2009 to 2013 started investing
more in mortgages from 2014 after the new FTK had been implemented. On the contrary, funds
that were not subjected to recovery plans added more limited exposures. Looking at the average8 mort-
gage investments for those two types of funds (Figure 10), this evidence still applies, suggesting that
larger total investments are not the results of compositional effects whereby a specific type of fund
grants higher debt.9

Table 1 shows summary statistics of background characteristics for the treatment (recovery plan)
and control groups. Of the 15 pension funds, eight are present in the treatment group and the rest
are in the control group. There are two company funds in each of these groups. We also included vari-
ables relevant to the computation of the funding ratio of pension funds, such as the distance of each
fund from the legislated funding threshold.

The two groups are quite similar in terms of most of the aspects, including the distance from the
legislated threshold (measure in 2008 or relative to the previous year), the share of active participants,
the age of borrowers, and the share of loans with NHG, both in means and standard deviations. More

Figure 9. Total mortgage investment of two types of
pension funds (€ million per quarter).

Figure 10. Average mortgage investment of two types of
pension funds (€ million per quarter).

Explanatory note: Our panel is yearly balanced. However, we receive the data in such a way that we can organize them on quar-
terly basis. As not all funds underwrite mortgages in each quarter, a few cells are empty. Replacing the missing cells with zeros
does not significantly change the descriptive evidence, nor the estimation results that will follow.
Source: Mercurius data (2019q2) of DNB, own computations.

6We have formally tested this common trend in the next section, by interacting time effects and the recovery plan indicator
in a regression for mortgage investments. The results show generally no significant result or a nearly negligible effect before
the introduction of the assessment framework.

7T-tests also show that we cannot reject the null hypothesis that the slope of the linear trend for each type of pension fund
is identical.

8This is calculated as total mortgage investments divided by the number of each type of pension funds (eight for the funds
with recovery plans, seven for the funds without recovery plans).

9Figures A2 and A3 in the online Appendix replicate Figures 9 and 10 but dropping two largest funds in the data. Their
increase after the FTK is still evident.
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pronounced differences arise from total asset and total number of participants, two features that are
obviously correlated and that depend on the two main pension funds being included in the treatment
group. These two characteristics will therefore be included in all of the specifications in our regression
models (Table 2).

5.2 Empirical model

We construct a panel dataset by considering each pension fund as the unit of analysis (i) and looking
at different periods (t) as loan-origination quarters retrospectively. The following models with fixed
effects are used to estimate the effect of the recovery plan on the amount of mortgage investments
made by pension funds after implementing the new FTK.11

yit = b0 + b1D
treat
i D post

t + b2D
treat
i + b3D

post
t + b′

xXit + b′
zZt + ai + 1it

where y is the aggregate amount of mortgages loans of pension funds by quarter of origination. We
have 15 pension funds which reported their mortgage exposure.

Dtreat
i is equal to 1 if the funding ratio of the pension fund was below 105% in 2008 and thus a

recovery plan was imposed from 2009 onwards, and Dpost
t is 1 for the period after July 2014. The inter-

action dummy between Dtreat
i and Dpost

t is our main variable for interest, which elicits the effect of the
new supervisory rules on mortgage underwriting. Notice that the exogenous effect is granted by using
recovery modus in 2008 and the performance relative to the 2015 FTK parameters. It is expected to
deliver a positive effect (β1). Even though the first recovery periods ended in 2013, a number of pen-
sion funds had not fully recovered by then. After 2013, recovery actions still needed to be undertaken.
By 2013 it was not yet entirely clear which details would be included in the new FTK, though some
had already been discussed since 2010. For this reason, pension funds might have been unwilling to
plan their new investment strategies until the new FTK was published in June 2014. Hence the Dpost

t

Table 1. Summary statistics of two types of pension funds (one with recovery plans and the other without recovery plans)
in the estimation sample: means and standard deviations

Background characteristics
With recovery

(treated)
No recovery
(control)

Negative difference between legislated and observed funding ratio in 2008 0.13 (0.06) –
Positive difference between legislated and observed funding ratio in 2008 – 0.13 (0.11)
Negative difference between legislated and observed in funding ratiot−4 0.03 (0.05) 0.01 (0.02)
Positive difference between legislated and observed in funding ratiot−4 0.14 (0.20) 0.19 (0.19)
Total assets10 62.6 (91.0) 10.1 (5.9)
Total number of participants × 104 103.1 (96.7) 13.9 (20.2)
Share of active participants 0.33 (0.10) 0.36 (0.15)
Age of borrowers 39.02 (6.51) 41.8 (8.99)
Share of loans with NHG 0.33 (0.26) 0.38 (0.34)
Share of age of borrowers below 40 0.66 (0.28) 0.58 (0.36)
Share of long maturity 0.63 (0.45) 0.67 (0.45)
Share of amortizing loans 0.78 (0.26) 0.71 (0.34)
Mortgage interest rates average 2.70 (0.45) 2.62 (0.66)
Share of negative changes in collateral 0.06 (0.12) 0.01 (0.07)

Explanatory note: Standard deviations in parentheses.
Source: Mercurius data (2019q2) of DNB, own computations.

10The average value of total assets and the total number of participants for the pension funds with recovery plans become
20.1 and 52.2, respectively, after excluding two large pension funds in each (with recovery) category.

11For our quasi-natural experiment setting to be valid, relevance and exogeneity must be confirmed (Derrien and Kecskés,
2013). Exogeneity is satisfied in this study as pension funds cannot select themselves out of the treatment group once the
supervisory authority assigns this. The reverse causality is no concern in the study because both treatment and control groups
did not significantly invest in mortgage loans before the financial crisis.
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dummy is 1 after third quarter of 2014. Mortgage investments by pension funds with recovery plans
have significantly increased after the third quarter of 2014. One of the possible reasons is that, even
after the new FTK was announced, it did not become effective until January 2015, and the new
(lower) UFR was actually only applied on July 1, 2015.

The vector of control variables (Xit) includes the share of loans guaranteed with NHG, the share of
amortizing loans, the share of long-maturity loans (beyond 20 years), the share of negative changes in
collateral values, and the share of borrowers younger than 40. It also includes fund characteristics such
as log of total assets, log of the number of total participants, the share of active participants, and, later,
asset allocation.

Two macro variables are included in the model in order to account for time effects: the lag of the
interest rate changes of Dutch government bonds (10 years) and the lag of OECD Share prices changes
for European countries (Euro area, 19 countries).

Table 2 shows the estimation results of our Diff-in-Diff model with fixed effects ((1), (2), and (3))
or with random effects ((4) including time-invariant features). Clustered standard errors at the pen-
sion fund level are also shown in parentheses. Estimation results are listed by four different specifica-
tions. Our preferred specification (1) includes all variables. The second column (2) excludes the mean
characteristics of loans and borrowers. The third specification (3) only contains Diff-in-Diff essential
variables and the size variables. Our β1 coefficients (placed in the third row in Table 2) are similar in
all models, positive, and generally significant at conventional statistical levels. More mortgages are sup-
plied by pension funds with recovery plans after the new FTK has been published.

A within-sample quantification of the effect of the framework with model (1) predicts a mortgage
investment of €16.3 million that would be reduced to €9.9 million if the framework had not been
introduced. This means that the new FTK has led to about €6.4 million of additional mortgage

Table 2. Estimation results of mortgage investments by pension funds

Dependent variable: mortgage investment (million €) (1) (2) (3) (4)

After 2014(Q3) 14.42** 17.75*** 18.09*** 17.99***
(4.96) (4.07) (4.06) (3.24)

Fund with recovery plan −13.82
(8.90)

Fund with recovery plan × after 2014 Q3 (β1) 41.69** 43.51** 43.11** 50.83***
(14.68) (16.10) (15.53) (17.94)

Negative difference in funding ratio in 2008 125.11*
Positive difference in funding ratio in 2008 −16.61
Negative difference in funding ratiot−4 35.33 61.03 66.95
Positive difference in funding ratiot−4 12.79 17.41 6.38
Interest rate changet−1 2.17 2.48 2.35
Equity changet−1 −0.55 −10.07 0.18
Log of total assets −139.61 −3.82 −42.96 70.76
Log of total assets (squared) 2.95 0.35 1.11 −1.60
Log of total number of participants × 104 −142.60 −155.37 −132.65 −5.24
Log of total number of participants × 104 (squared) 5.33 6.14 5.38 0.41
Share of active participants 38.45 58.19 62.39 39.14
Share of low-LTV loans (below 100) −12.74* −13.13**
Share of loans with NHG 0.85 10.57**
Share of age of borrowers below 40 −6.55 4.78
Share of long maturity 7.62 5.22
Share of amortizing loans −54.73** −33.05**
Share of negative changes in collateral 12.81 −14.30
Constant 2,617.2 841.3 1,178.5 −761.4
Pension funds fixed effects Yes Yes Yes No
Simulated effect of FTK: ŷFTK−ŷNo FTK

ŷFTK

( )
39% 41% 40% 47%

Number of observations 1,048 1,048 1,048 1,048
Number of funds 15 15 15 15

Explanatory note: Source: Mercurius data (2019q2) of DNB, sample period from 2000q1 to 2019q2, own computations. Clustered standard
errors at pension fund level in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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investments per quarter (a relative increase of about 39%, see the estimate of (ŷFTK − ŷNo FTK/ŷFTK).
According to models (1) and (4), the higher the share of low-LTV or amortizing loans, the lower
the mortgages investment will be. Since such loans (high LTV or interest-only) were popular and avail-
able only in the past, the funds with a higher share of those (risky) loan characteristics were likely to be
the ones which invested more in mortgages before 2013. This might therefore indicate that the nega-
tive sign of the coefficient is a result of the legacy for funds that were active in the past. The negative
sign of the share of amortizing loans tells the same story since the tax deduction on mortgage interest
rates for non-amortizing loans has been penalized since 2013.

Table 3, in which we describe some main variables by fund, shows that this is likely. For example,
the total mortgage volume issued by fund 1 makes it a large one in the sample, but its share of amort-
izing loans and insured loans with NHG is considerably lower than that of other pension funds. The
average borrowers’ age for this fund also suggests the presence of legacy issues.

The coefficients for the distance from the legislated funding ratio in specification (4) show that
unhealthy funds invest more in mortgages in general while healthy funds do not show particular pat-
terns. The further their financial position is from the legislated threshold, the more they invest in
mortgages. This is consistent with our findings so far. Also the literature on LDIs with a downside
penalty (e.g., Ang et al., 2013) suggests that when there is a penalty (imposing recovery plans in
our case) on the deficit (low funding ratios), the closer the pension fund is to reaching the full position,
the less risk they will take. They become more risk-averse when their financial position is close to the
threshold and aim to hold liability-hedging portfolios. On the contrary, those pension funds whose
funding ratios are far below the threshold will invest in more risky assets, seeking higher returns to
avoid penalties (‘swing for the fences’, Ang et al., 2013). One might expect that among the unhealthy
funds, those investing more in mortgages are not the ones with the lowest funding ratio, but those with
a funding ratio somewhat closer to the legislated one. Our results do not allow us to specifically sup-
port nor oppose this hypothesis.

As for the funding ratio gap in the previous year (four quarters previously), we do not find evidence
that this affected current mortgage investments significantly.

We also estimate a model for safe mortgages alone, looking at various risk criteria (LTV ratio, loan
type, NHG, and LTI ratio). We estimate separate models for borrowers with (1) LTV below 105, (2)
LTV below 100, (3) amortizing loans, (4) with NHG, and (5) LTI below 4. The resulting estimations of
β1 are shown in Table 4 with the baseline estimation (1) in Table 2 for comparison.

Table 3. Summary statistics of fifteen pension funds: total mortgage volume and mortgage characteristics

Fund
Total mortgage
debts (€ million)

Borrower age
mean

Share of
amortizing loans

(%)

Share of low-LTV
loans (below 105)

(%)

Share of low-LTV
loans (below 100)

(%)
Share of loans
with NHG (%)

1 1,837 45.5 23 87 82 7
2 882 43.0 64 100 74 34
3 432 41.1 68 100 63 35
4 557 42.8 65 100 66 47
5 396 41.4 68 99 69 62
6 3,581 44.8 62 99 78 47
7 1,838 44.3 63 99 81 41
8 346 43.5 66 100 77 33
9 1,581 40.7 68 100 63 25
10 718 56.7 17 99 96 9
11 582 41.4 67 100 68 60
12 1,650 41.4 65 99 78 14
13 14 46.9 37 91 80 11
14 263 39.8 68 100 63 31
15 2,467 45.6 63 97 68 40

Explanatory note: Mercurius data (2019q2) of DNB, own computations.
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Each specification has a different sample size, all representing subsets of mortgage underwriting by
the same group of the pension funds, but safer loans than the base case. The estimates are positive
and significant for low-LTV (both below 100 and below 105), amortizing loans, and low LTI loans
(below 4); finally the specification with loans insured with NHG shows (borderline) non-significant
results. The worse-performing funds have thus invested more in somewhat safer loans.

Asset allocation information, which we have ignored so far, can provide information on how the
risk appetite of pension funds before the crisis affected mortgage investments after the new FTK.
We provide descriptive evidence of this for funds with/without recovery in Table 5. We have this infor-
mation only for a subperiod of our analysis above, from the last quarter of 2006. Pension funds with
recovery modes have on average less fixed income and real estate, and more equity and alterative assets
in their portfolios for both periods. However, the difference in fixed income and equity were notably
larger before the financial crisis.

More risk-averse funds typically hold larger fixed income (or smaller equity) shares. To identify
relatively risk-averse funds, we first calculate the mean share of bonds and mortgages that each
fund had before 2009 and compare it to the sector mean by converting this difference to percent-
ages in terms of distance from the sector mean. Specifications (5) and (6) in Table 6 include this
additional term and present the results with fixed effects and random effects, respectively. As
asset allocation could respond to the previously included macro variables, we include quarter dummies
as time effects.

The estimate of β1 shows similar (but smaller) results to those in the baseline specification shown
above. A higher share of bonds before the crisis implies investing less in mortgage after the crisis. This
result can be explained in two ways. Funds with a high FI share might do so because they are already
better immunized. But funds could also see mortgages and bonds as substitutes rather than as com-
plementary investment strategies.

We have also added a triple difference term for the interaction among high FI share before 2009,
recovery mode, and the introduction of the new FTK. This effect is only significant in one specifica-
tion, and then it is negative and of small magnitude. This means that we find no evidence that more
risk-averse pension funds experiencing a recovery mode during the financial crisis are willing to be

Table 5. Asset allocation of pension funds from 2006 Q4 to 2017

Investment share by asset class

Before 2009 All period

With recovery No recovery With recovery No recovery

Fixed income 43.27% (0.09) 47.03% (0.10) 53.32% (0.11) 54.08% (0.1)
Equity 39.14% (0.11) 32.48% (0.12) 30.56% (0.08) 29.97% (0.08)
Real estate 9.59% (0.04) 10.99% (0.07) 7.82% (0.04) 9.5% (0.05)
Alternative 3.67% (0.03) 1.21% (0.02) 4.84% (0.03) 1.99% (0.02)
Other 4.32% (0.07) 8.28% (0.05) 3.47% (0.06) 4.45% (0.05)

Explanatory note: Standard deviations in parentheses.
Source: DNB, own computations.

Table 4. Estimation results of investments by pension funds in safe mortgages

Fund with recovery plan × after 2014Q3 (β1) Estimates (Standard errors) N (% of the total)

All loans (base line): 41.69** (14.68) 1,048 (100)
Safe loans:

Low-LTV loans (below 105) 42.28* (14.61) 1,047 (99.9)
Low-LTV loans (below 100) 31.18** (11.08) 1,015 (96.8)
Amortizing loans 28.49** (9.62) 1,024 (97.7)
Loans with NHG 11.57 (7.04) 901 (85.9)
Low LTI loans (below 4) 22.42** (7.68) 896 (85.5)

Explanatory Note: Clustered standard errors at the pension fund level (N = 15) in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10.
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more immunized relative to less risk-averse funds after the new FTK. They could have done so using
more fixed-income assets and less risky investments, but out results do not give an indication in this
sense.

When we use the equity share instead of the FI share, our results are the mirror image of those
above. Also reducing the time window for baseline specification (1) to overlap with the one in (5) deli-
vers nearly identical results (not shown).

5.3 Robustness checks

We carry out some robustness checks for the effect of the FTK introduction. In panels A and in
Table 7, we test placebo effects and anticipation effects to tackle potential biases in the estimation
results (Gertler et al., 2010). This boils down to changing the treated group (placebo) or the treatment
period (anticipation). Also we add to the model the level of or changes in the interest rate and the
interaction with the recovery mode dummy (see panel C in Table 7). This is in order to test whether
the decline in interest rates rather than the introduction of the FTK is responsible for the surge in
mortgage investments. We also test the effect of pension funds dummies in panel C that could for
instance pick up fund-specific investment beliefs (for instance in terms of future inflation or interest

Table 6. Additional estimation results of mortgage investments by pension funds

Dependent variable: mortgage investment (million €) (5) (6) (7)

After 2014 (Q3) 12.36 3.69 9.34*
(20.18) (20.82) (4.9)

Fund with recovery plan −9.25
(8.0)

Higher FI share before 2009 0.22
(0.24)

Fund with recovery plan × after 2014 Q3 (β1) 34.86** 53.56*** 29.97*
(15.61) (16.3) (15.31)

Fund with recovery plan × higher FI share before 2009 −0.18
(0.37)

After 2014(quarter 3) × higher FI share before 2009 −0.56* −0.02 −0.57*
(0.29) (0.15) (0.28)

Fund with recovery plan × after 2014(Q3) × higher FI share before 2009 −0.03 −1.35** −0.24
(0.84) (0.6) (0.68)

Negative difference in funding ratio in 2008 136.88
Positive difference in funding ratio in 2008 15.16
Negative difference in funding ratiot−4 27.67 114.37** 33.88
Positive difference in funding ratiot−4 −13.66 −33.13* 9.3
Interest rate changet−1 1.65
Equity changet−1 2.38
Log of total assets −422.07 172.13 −390.56
Log of total assets (squared) 8.87 −3.87 8.73
Log of total number of participants × 104 −451.03 51.2 −410.25
Log of total number of participants × 104 (squared) 16.6 −1.78 15.08
Share of active participants 32.25 107.9*** 11.77
Share of low-LTV loans (below 100) −12.92* −16.66** −15.37*
Share of loans with NHG 1.95 14.6** −0.17
Share of age of borrowers below 40 −7.98 1.58 −13.73
Share of long maturity 17.69* 26.35*** 0.72
Share of amortizing loans −63.53** −37.91** −71.03***
Share of negative changes in collateral 50.0 −15.7 58.27
Constant 8,032.8* −2,260.1 7,124.5
Pension funds fixed effects Yes No Yes
Quarter fixed dummy Yes Yes No
Number of observations 713 713 713
Number of funds 15 15 15

Explanatory note: Source: Mercurius data (2019q2) of DNB, sample period from 2006q4 to 2017q4, due data availability of asset allocation;
own computations. Clustered standard errors at pension fund level in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
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rates levels). Finally, in order to test whether larger funds are more likely to invest in mortgages, we
perform three different specifications regarding the fund size (see panel D in Table 7).

For the placebo effect, we choose a false treatment, selecting pension funds with funding ratios
below 90% and 110% in 2008. As for the anticipation effect, pension funds could have been anticipat-
ing the changes in assessment criteria before the actual implementation. This is why we set the start of
the FTK ahead in time by one or two years. The interest rate enters the robustness checks with two
specifications. First we add the change in the 10-year Dutch government bond yields and its inter-
action with the recovery mode dummy. Second, we use the interest rates level instead of the interest
rate change, and again the interaction with the recovery plan dummy. The last three rows in Table 7
test the effect of fund size on mortgage investments by dropping the two largest funds in our data (not
necessarily the two largest funds in the Netherlands). Here we not only control the fund size charac-
teristics (with total assets and total number of participants) as we did in our baseline regression but
also perform three different tests. We perform a falsification test in a regression in which the treatment
is assigned not using our supervisory data, but using fund size (in terms of total assets, largest half of
pension funds is defined as treated). We also show an additional check with the same dependent vari-
ables (mortgage investments) but without the two largest funds again. Finally we use mortgage invest-
ments/total assets as an additional dependent variable, in the last robustness check. Table 7 shows both
placebo and anticipation effects results reporting β1 estimates (and their clustered standard errors) esti-
mated from the baseline model (1), as well as the additional specifications with the interest rates and
fund size.

All placebo specifications show no significant results. The results show instead significant coeffi-
cients for the anticipation effects, which might seem difficult to reconcile with the statements
above. This coefficient is however only borderline significant, and most of all it is extremely small
in magnitude relative to the results discussed in our study. Inspection of the data suggests that if
we exclude one of the pension funds present in the data that is an outlier in terms of increased mort-
gage investments in 2014, the significance of this one anticipation effect disappears again. This sug-
gests that the effects we have found crucially depend on correct identification of the treatment group
after the effective implementation of the new rules. We also performed a pre-trend test where we run
the baseline regression again by adding to it the interaction between the quarterly dummies and the
recovery mode dummy. None of the estimated coefficients of this interaction term was statistically sig-
nificant at the 5% level before 2014q3, which suggests that we find no pre-trend differentials.12

Table 7. Robustness checks for β1

Fund with recovery plan × after 2014Q3 (β1) Estimates (Standard errors)

Baseline estimation 41.69** (14.68)
Panel A Placebo 1: below 90 in 2008 33.11 (35.08)

Placebo 2: below 110 in 2008 23.84 (13.95)
Panel B Anticipation: 2013 Q3 4.59* (2.34)

Anticipation: 2012 Q3 4.01* (2.17)
Panel C With interest rate change × fund with recovery plan 41.12** (14.97)

With interest rate level × fund with recovery plan 49.87*** (14.89)
With pension funds dummies 41.69*** (14.78)

Panel D Checks relative to fund size
(Remove two largest funds)

Falsification test: treatment = large funds 20.15 (15.97)
Dependent variable: mortgage investments 39.35*** (11.19)
Dependent variable: mortgage investments/total assets 0.0009** (0.0004)

Explanatory note: Placebo effects do not deliver significant results; this is in support of our specification. Anticipation effects are borderline
significant, but their magnitude is negligible. Also anticipation effects turn out non-significant if we remove a pension fund that shows one
spike in investment in 2014. Adding the 10-year government bond yields (changes) and its interaction with recovery mode dummy delivers
comparable results to our baseline specification. Full estimation results for this table are shown in the online Appendix (from Table A1
through A12). Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.10.

12See Table A5 in the online Appendix for more detailed results.
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Adding changes in the interest rate or interest rate level delivered no statistically significant coeffi-
cients (not shown) for the change or level itself, nor for interaction with the recovery mode, while all
other results were comparable. Both cases did not change our results. Also the specification for pen-
sion funds dummies left the estimate of β1 unchanged.

The distribution of total assets among pension funds is highly skewed by the presence of two
extremely large pension funds. This is potentially an issue driving the results and should be accounted
for. The three tests where we take fund size into account confirm our main narrative. The falsification
test indicates that the main coefficient (β1) then turns insignificant. The results in the second check are
qualitatively similar (direction of the effect and significance) to our baseline estimation but the mag-
nitude of the effect is somewhat smaller. As a final check, the regression with mortgage investment
share (compared to the total assets) still shows a significant coefficient for β1. These results confirm
our baseline estimation results, but this does not mean that skewness of total assets should be down-
played in studies like the present one.13

6. Summary and conclusions

This study focuses on the recent trend of increased mortgage investments by pension funds, which we
found was the result of the combined effect of recovery experiences after the financial crisis and the
new financial assessment framework published in 2014. Pension funds that underwent recovery plans
(treatment group) after the crisis have supplied more mortgages since 2014 compared with the funds
without those recovery modes (control group). Worse-performing pension funds have tried to improve
their financial positions by further hedging their interest rate risk by holding more mortgages. They
preferred mortgages as these became more appealing as the new FTK introduced in 2015 puts greater
weight on the financial sustainability of pension funds, making them seek a better risk/return trade-off
and more risk hedging. We also show that they were more likely to invest in safer mortgages.
Mortgages also became more appealing due to falling interest rates, but this does not conflict with
our main finding.

The reduction in interest rates is also positively related to the surge in mortgage investments, but it
only makes a modest contribution. The direction of the causality between these two variables is not
obvious as yield premia on mortgages could increase when interest rates fall. At the same time,
funds are more likely to search for yields, thus pushing down premia, when rates fall. For the specific
case of pension funds though, the surge in investment started after the interest rates had already sig-
nificantly fallen, which contributes to disconnect somewhat these two phenomena.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.1017/
S1474747222000221.
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