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an evaluation of the nFTK 

Abstract

A new regulatory framework for Dutch pension funds came into 

force in 2015, replacing the earlier system that had existed since 

2007. The revision, known as the new Financial Assessment 

Framework (abbreviated “nFTK” in Dutch), is meant to resolve 

some of the weaknesses of the earlier system that became 

apparent in the wake of the financial crisis. We carry out an anal-

ysis of the new framework based on a simulation study, focusing 

on economic scenarios and leaving aside the possible conse-

quences of unanticipated changes in mortality. We use a stylized 

pension fund that has the same demographic structure as the 

Dutch population. The fund follows a fixed-mix investment policy 

and keeps contributions constant, except when reductions are 

permitted under the nFTK rules. Economic scenarios are generated 

by a VAR model. We find that although average funding ratios 

are high, fully wage-indexed pensions are still achieved in only 

approximately 60% of the scenarios. Under the worst scenarios, 

replacement ratios can drop to under 40%. 
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1. Introduction 

In 2007, the Dutch government replaced the obsolete Pension and 

Savings Funds Act (Pensioen- en Spaarfondsenwet), which dated 

from 1952, with a new Pension Act. The new law was innovative 

in its use of funding ratios based on market value as an indi-

cator of the financial health of collective pension funds. In the 

Netherlands, these funds play a very important role in providing 

retirement income, with a total asset value in 2014 of more than 

160% of Dutch GDP. As a result of the financial crisis of 2008 and 

the ensuing prolonged period of low interest rates, however, the 

recovery measures triggered by underfunding under the terms of 

the new law quickly became a reality. Millions of retirees were 

affected by reductions in their nominal benefits, and many ques-

tions were raised concerning the fairness and effectiveness of the 

existing regulatory framework. While the debate continues with 

regard to restructuring retirement income provision systems, a 

revision of the Pension Act was introduced in 2015. The new law is 

commonly known as the “new Financial Assessment Framework” 

(nieuw Financieel Toetsingskader, or nFTK). Modifications with 

respect to the 2007 FTK include the following: replacing the 

funding ratio with an averaged version, called the “policy funding 

ratio”; placing less emphasis on the contributions level as an 

instrument for recovery; and tightening the conditions under 

which indexation of benefits may be applied. These modifications 

are intended to lead to a system that is more sustainable and 

maintains a better balance between generations. 

 We carry out an investigation of the performance of the nFTK 

over a fifty-year horizon, given a stylized pension fund combined 

with specific choices in terms of the contribution and investment 

policies and using a set of model-based scenarios. In particular, 
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we focus on the evolution of the funding ratio and the indexation 

ratio over this time horizon. The funding ratio is defined as the 

ratio of the fund’s assets to its liabilities. We define the indexa-

tion ratio as the ratio of the actual pension entitlements to the 

pension entitlements under full indexation. We use the indexa-

tion ratio to quantify the extent to which the pension system can 

provide fully indexed pension entitlements for both workers and 

retirees. 

 The stylized pension fund in our study has the same demo-

graphic characteristics as the Dutch population as a whole. We 

assume that the fund keeps contributions at a constant level, 

unless reductions are allowed under the nFTK. Raising contribu-

tions would be required under nFTK in situations in which newly 

accrued rights are expensive, in other words, during prolonged 

periods of low interest rates. Since we calibrate interest data from 

1990 on, however, such scenarios hardly occur in our scenario 

set. Investment policy under the nFTK is not specified beyond 

the ‘prudent person’ rule. For the purposes of the simulation 

study, we assume that our stylized pension fund follows a simple 

fixed-mix policy, with 35% in stocks and 65% in ten-year bonds; 

no separate interest rate hedge is assumed beyond the protec-

tion already offered by the bond portfolio. In our scenario set, 

we concentrate on economic risks, leaving longevity risks aside. 

Scenarios are generated by a vector autoregressive (VAR) model 

that accounts for the variability in price inflation, wage inflation, 

stock returns, and long-term and short-term interest rates. The 

use of scenario sets to perform analysis is well established; early 

references on this methodology include papers by Wilkie [15, 16], 

Mulvey and Thorlacius [9], and Boender [2, 3]. 

 The model we use to generate the scenario set is calibrated on 

equity data, interest rate, and inflation data starting from 1990. 
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Therefore, interest rates rise on average to levels that are typical of 

the last 25 years, and there is a substantial equity premium. As a 

result, we find many scenarios in which funding ratios are high. 

Nevertheless, the goal of full wage indexation is reached in only 

about 60% of the scenarios, even on a fifty-year horizon. On the 

downside, we find that, in bad scenarios (5% quantile), pension 

benefits fall far behind the level corresponding to full indexation; 

indexation ratios on a fifty-year horizon reach levels as low as 

40%. Based on these outcomes, we conclude that, at least given 

our stylized pension fund and chosen contribution and invest-

ment strategy, improvements might still be needed in the new 

regulatory framework to deal with the extreme outcomes in a 

substantial fraction of the scenarios.1  

 Earlier asset-liability studies for pension funds have been 

conducted by, for instance, Bosch-Príncep et al. [4] and Dempster 

et al. [5]. Shortly after the introduction of the Dutch FTK in 2007, 

a simulation study of the consequences of the new system was 

undertaken by Bikker and Vlaar [1]. Subsequent studies of the 

regulatory system for Dutch collective pension funds and proposed 

modifications to it include those by van Rooij et al. [13], Nijman 

et al. [10], and van Stalborch [14]. These studies partly empha-

size aspects not covered here, such as intergenerational fairness 

on a market value basis. The policy dilemmas for pension funds 

under a regulatory regime based on market valuation of nominal 

liabilities have been discussed by Kortleve and Ponds [8]. These 

dilemmas continue to exist under the nFTK; pension funds may 

look for investment policies that modify the consequences of the 

system, while balancing the interests of different generations. In 

1 Alternatively, the pension fund might change its contribution and/or 
investment policies in extreme outcomes. We do not investigate this 
alternative in this paper.
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the present study, however, we do not attempt to formulate such 

policies; instead, we assume a fixed-mix investment plan. This 

allows us to evaluate the performance of the nFTK with respect to 

a simple, but reasonable and common, investment policy. 

The organization of the remainder of the paper is as follows. In 

Section 2, we describe our stylized pension fund. In particular, 

we state our assumptions concerning the choices that the styl-

ized fund makes in various options left open by the nFTK. Section 

3 describes the economic model from which our scenario set is 

generated. The main results follow in Section 4. We report statis-

tics concerning the distribution of the indexation ratio and the 

funding ratio, and we also discuss the nature of the relation-

ship of these quantities to economic determinants such as asset 

returns and wage inflation. In Section 5, we give some design 

recommendations. Finally, our conclusions are presented in 

Section 6. Additional information, including technical details, can 

be found in the appendix [11]. 
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2. An implementation of the nFTK 

2.1 Stylized pension fund set-up 

In this section, we set up a stylized pension fund to facilitate the 

analysis of the nFTK. The appendix [11], to which we shall occa-

sionally refer, contains the technical details. We assume our styl-

ized pension fund covers all of the Dutch population over the age 

of 25. The demographic structure of our pension fund is taken 

directly from the real Dutch demographic structure for 2009, as 

obtained from the Human Mortality Database.2 The maximum 

attainable age is 110, and the minimum age in this dataset is 0. 

We assume a constant influx of newborns every year, equal to 

the generation of newborns in 2009, which allows us to define 

an open fund with a workforce influx each year. The reason for 

choosing an open fund rather than a closed fund is that an open 

fund is more stable in terms of demographic structure. Each 

year, a new generation of 25-year-olds enters into our pension 

system. At the same time, there are outflows caused by the deaths 

of participants. The number of survivals is assumed to evolve 

according to the most recent forecast mortality table provided 

by the Dutch Koninklijk Actuarieel Genootschap (Royal Actuarial 

Society) [7]. This mortality table predicts the mortality rates for 

each age group through the year 2184. The maximum attainable 

age in the mortality table is 120, but in the population size data, 

it is 110 years old. We take the lower limit as the maximum attain-

able age in our study. We work with gender-neutral mortality 

rates, computed as the average of the male and female mortality 

rates. 

 One of the cash inflows for the pension fund is the contribu-

tions made by workers. Total contributions are determined by 

2 http://www.mortality.org.
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three factors, namely the pension base, the number of workers 

in the pension fund, and the individual pension contributions. 

The pension base of each working generation is the wage minus 

the franchise (a deduction made in view of the existence of the 

state pension). The individual pension contribution is defined as 

a fraction of the pension base. We assume that this fraction will 

be kept constant at a level that is fixed at the beginning of the 

simulation, except when a reduction is allowed by the nFTK. The 

amount for the total annual contributions made by each worker is 

defined as the individual pension contribution times the worker’s 

pension base; the total contribution is the sum of the individual 

contributions of all workers.

 The cash outflow of the pension fund consists of the pension 

benefits paid to retirees. We consider only payments to retirees 

and leave additional payments (e.g., to the spouses of deceased 

participants) out of consideration. To determine the pension 

payment, we need the pension entitlements of each retired 

generation, in addition to the number of retirees. The pension 

entitlements for each generation are built up during their working 

life. When a new generation comes into the pension fund, the 

members of that generation will build up a pension entitle-

ment that is a certain fraction of the pension base in that year. 

Following the latest revision of pension rules, this fraction has 

been set at 1.875%. Before retirement, the pension entitlement 

will first be indexed and then increased by the pension entitle-

ments accrued in that year. After retirement, there is no further 

accrual, but indexation may still take place. Given the actual 

pension entitlements, the total pension payments paid at the 

beginning of the period is the sum of the pension entitlements 

for all retirees. 
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 Given the cash outflow and inflow of the pension fund, we can 

determine the assets at hand. At the beginning of each period, 

pension payments are made, and at the end of each period, 

pension contributions are received. We assume that the styl-

ized pension fund invests its assets in a portfolio consisting of 

65% bonds and 35% stocks. Therefore, the pension assets at the 

beginning of each period will be the assets of the previous period, 

after deduction of pension payments, plus the proceeds of invest-

ments and pension contributions. We do not assume any recovery 

contributions from a sponsor. 

 The stylized pension fund applies indexation according to 

a policy ladder, as is usual for Dutch collective pension funds, 

within the restrictions set by the nFTK. Whether or not full or 

partial indexation occurs depends on the financial status of the 

fund. Although one might argue that the option value of condi-

tional indexation should be taken into account when determining 

the market value of liabilities, in practice the value of liabilities 

is computed from unconditional liabilities only (i.e., conditional 

indexation is not taken into account). Based on the current 

pension entitlements for each generation, we can project current 

and future pension payments. The value of the liabilities is the 

discounted value of those pension payments. Discounting takes 

place on the basis of the current term structure of interest rates 

for non-defaultable bonds, extended by an Ultimate Forward Rate 

(UFR). The scenarios generated by our economic model include 

possible future term structures and allow computation of future 

UFRs in a manner recommended by the UFR Committee [12] (see 

Sections 3.3 and 3.4 in the appendix [11] for details). 

 The funding ratio is defined as the ratio of the current value of 

assets to the current value of liabilities. In the proposed revision 

of the law, a new concept is being introduced, called the Policy 
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Funding Ratio (“beleidsdekkingsgraad”). The Policy Funding Ratio 

(PFR) is defined as the 12-month moving average of the actual 

funding ratio. Because our simulation is on an annual basis, we 

define the PFR as the average of the current actual funding ratio 

and the funding ratio of the previous year. The initial PFR in our 

simulation exercise is set at 104.3%, which not only reflects the 

current situation of low funding ratios, but also satisfies the lower 

bound given by the Minimum Required Funding Ratio (MRFR) (see 

Section 2.3).3

2.2 Determining the individual pension contributions 

Individual pension contributions are set at the beginning of the 

simulation and will not be raised under any scenario. To calculate 

this contribution, we choose a term-structure-based pension 

contribution with cushioning, among the various options left 

open by the regulatory requirements. Cushioning is based on the 

average of the term structures in the past ten years.4 The indi-

vidual pension contribution is set such that the total pension 

contributions made by all workers in a year is equal to the 

Required Funding Ratio (see next section) times the present value 

(according to the averaged term structure) of the accrued pension 

entitlements of those workers within that year. This individual 

pension contribution in our model turns out to be 16.33%.

3 Actually, the value of 104.3% was chosen more or less arbitrarily (but to some 
extent reflects the current low values of the funding ratios). Since we work on a 
long time horizon, the effect of the initial PFR is not likely to be large.

4 The ten-year averaged term structure is higher than the current term structure. 
This means that applying cushioning will result in lower pension contributions 
than without cushioning. From a longer term perspective, also assuming that 
the past is representative for the future, applying cushioning to determine 
pension contributions seems plausible.
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2.3 Recovery, indexation, and repair policies 

Under the nFTK, the behavior of pension funds in various possible 

states of financial health (as measured by the Policy Funding 

Ratio) is prescribed in considerable detail. There are five different 

situations that can arise, which are illustrated graphically in 

Figure 1. 

At the beginning of each period, the Policy Funding Ratio (PFR) is given. 
Depending on its value, the pension fund will decide which policies to 
implement. If the PFR has been below the Minimum Required Funding Ratio 
(MRFR) for five consecutive years, an immediate recovery plan has to be 
implemented. In this case, pension entitlements for current and future retirees 
will be cut immediately. The liabilities will be recomputed given the reduced 
pension entitlements. If the PFR is below the Required Funding Ratio (RFR), a 
ten-year recovery plan has to be implemented. The implementation of the 
ten-year recovery plan guarantees a recovery of at least 10% during the first year. 
If the PFR is larger than 110%, indexation may be possible. If the PFR exceeds both 
the RFR and the Full Indexation Funding Ratio (FIFR), then repair policies may be 
implemented. Finally, pension contribution reductions may be possible when full 
indexation has been given during ten consecutive years, pension entitlements are 
equal to the full indexation pension entitlements, and the PFR is larger than the 
lower bound for pension contribution reductions.
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Figure 1. The determination as to which situation applies is related 

to a set of critical levels for the PFR (cf. Table 1). 

 The first of these critical levels is the Minimum Required 

Funding Ratio, which determines whether the immediate recovery 

plan needs to be implemented. We take MRFR = 104.3%, in 

accordance with existing regulations. When the PFR drops below 

the MRFR for five consecutive years, an immediate recovery plan 

is called for. This consists of a reduction in all pension entitle-

ments. The reduction factor is not completely prescribed in the 

nFTK; we choose a factor such that after the recovery plan, the 

maximum of the PFR and the actual funding ratio would be equal 

to the MRFR. So, there is no reduction in pension entitlements 

when the current PFR is above the MRFR, nor when the current 

actual funding ratio is above MRFR, while the PFR is below MRFR, 

as permitted by the nFTK.5 If neither of these conditions holds, 

however, pension entitlements will be reduced. If the previous 

funding ratio is smaller than the MRFR, we choose a reduction 

factor to bring the current actual funding ratio back to MRFR; 

5 In the latest revision of the law, this rule has been further refined; this modifi-
cation has not been incorporated into our model, but is assumed to have little 
effect.

Table 1. Abbreviations

PFR Policy Funding Ratio

MRFR Minimum Required Funding Ratio

RFR Required Funding Ratio

IFR Indexation Funding Ratio 
(lower bound for indexation)

FIFR Full Indexation Funding Ratio
(lower bound for full indexation)

RIFR Reduction Indexation Funding Ratio
(lower bound for pension contribution reduction)
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otherwise, we make the PFR equal to the MRFR. The new liabilities 

and pension entitlements will then replace the old ones in the 

future calculation and simulation. This results in a lower value for 

the indexation ratio, since the numerator of this ratio will become 

smaller, while the denominator remains unaffected. 

 The second critical level is the Required Funding Ratio. It 

should be set such that, with a probability of 97.5%, next year’s 

actual funding ratio is at least equal to one. We use its current 

average value of 126.6% in the simulation, which we assume to 

remain constant over the fifty-year time horizon. As soon as the 

PFR is below the RFR, a recovery plan has to be implemented, 

which should result in the PFR recovering to at least the level of 

the RFR in no more than ten years, with at least 10% recovery in 

the first year, using the values of the expected returns and infla-

tion according to the “Advies Commissie Parameters” (Parameters 

Committee Recommendations, ACP).6 The ten-year recovery plan 

includes a series of adjustments which may apply to indexation, 

pension contributions, and pension entitlements. We choose a 

plan in which pension contributions are not modified. We first 

try to find an indexation factor to make the increase in the PFR 

equal to the desired increase of 10% in the gap between the RFR 

and the PFR, without any reduction in pension entitlements. If 

zero indexation by itself is not sufficient, then we supplement this 

with a reduction factor that will be applied to pension entitle-

ments to increase the PFR by the desired amount. We calculate 

the required forward rates using the yield curve provided by our 

model. 

 The third critical level is the lower bound for indexation, the 

Indexation Funding Ratio (IFR). Its value is not prescribed in the 

6 See website: https://www.rijksoverheid.nl/documenten/rapporten/2014/03/21/ 
advies-commissie-parameters.
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proposed Pension Act but is subject to lower-level regulation; 

it has been announced that the IFR will be set at 110%. (Partial) 

indexation will only be allowed if the PFR is higher than the IFR. 

The nFTK framework allows pension funds to use an indexation 

target in either absolute or relative terms with respect to a given 

index, such as wage or price inflation. We use a relative indexa-

tion target with respect to wage inflation. Since IFR is less than 

RFR for our stylized fund, the fund could provide indexation, but 

at the same time it is constrained by the recovery rules. When 

there are no constraints from recovery, indexation is determined 

by the rule that after pension payments at the beginning of the 

period have been made, the resulting funding ratio must be 

equal to at least the IFR. The funding ratio is computed under the 

assumptions that indexation is applied to the present and future 

periods based on expected wage inflation and that liabilities are 

discounted on the basis of the Expected Return on Stocks (ERS) 

using the ACP parameter values. The indexation factor is set as 

high as possible given this rule, but not higher than current wage 

inflation. When the fund is in recovery, we use a lower indexation 

factor, determined by the recovery rules. 

 The fourth critical level is the lower bound for full indexa-

tion (denoted by FIFR for “Full Indexation Funding Ratio”). It is 

the funding ratio that corresponds to the situation in which full 

indexation according to expected wage inflation (using the ACP 

parameter value) is applied to present and future years. This lower 

bound plays a role when pension entitlements are lower than 

the fully indexed pension entitlement (i.e., the pension entitle-

ments under the assumption of full indexation and no cuts; see 

Equation (4) in the internet appendix [11]). If, after indexation, we 

still have a policy funding ratio that exceeds the RFR and the FIFR, 

repair policies may be implemented. Repair policies are intended 
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to decrease (or even close) the gap between the actual and fully 

indexed pension entitlements. When the conditions for a repair 

policy are satisfied, 20% of the excess funds may be used to 

reduce the gap between pension entitlements and fully indexed 

pension entitlements. However, the repair should be limited such 

that the funding ratio after application of the repair policy is still 

at least as large as the maximum of the RFR and the FIFR. 

 The fifth and highest critical level is the Reduction Indexation 

Funding Ratio (RIFR), the lower bound for a reduction in pension 

contributions set by the pension fund. We set it as equal to the 

RFR. This criterion is relevant for pension contribution reduction 

policies. When the PFR is at least equal to the lower bound for 

pension contribution reduction (RIFR), full indexation has taken 

place in the previous ten years, and pension entitlements are 

at the same level as the fully indexed pension entitlements for 

all generations, then there can be an immediate reduction in 

pension contributions. We continue to use the term-structure-

based pension contribution. The pension contribution is reduced 

to a level under which the resulting funding ratio is equal to RIFR.
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3. Economic setting 

We want to investigate the performance of the nFTK in different 

economic situations. To do so, we want to simulate the PFR, 

indexation ratios, and pension entitlements for a period of 

fifty years and examine the relationships between the indexa-

tion ratio, PFR, asset return, and wage inflation. We use a vector 

autoregressive (VAR) model to generate economic scenarios and 

determine the term structure of interest rate. We assume that 

prices for all of the assets in the economy are determined by a 

state vector which follows a VAR process in the form of

 
xt+1 =α+Γ xt +Σεt+1     (1)

where εt+1 ∼
i.d.d.

N(0n×1 ,In×n) . We can use the VAR model to 

generate many future scenarios; for each scenario, a model-based 

affine term structure can be determined. Our model is a discrete 

time model, in the spirit of the continuous time model of Koijen, 

Nijman, and Werker [6]. We use monthly data to estimate the VAR 

model. Time-to-maturity is measured in half years. 

 The set of common factors  consists of five components (n = 5), 

which are the German annualized zero-coupon federal securities 

rate with remaining time to maturity of 0.5 years; the Dutch infla-

tion rate; the MSCI world stock return in excess of the six-month 

rate (i.e., in excess of the first component); the German ten-

year zero-coupon federal securities yield spread; and the Dutch 

nominal wage inflation rate. The six-month rate and the ten-year 

rate are downloaded from Deutsche Bundesbank.7 Both series 

are available from September 1972. The inflation rate is derived 

from the Netherlands consumer price index, which is obtained 

7 http://www.bundesbank.de/Navigation/EN/Statistics/statistics.html.
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from Datastream. Nominal wage inflation is derived from the CAO 

wage index, also obtained from Datastream. The CAO wage index 

is available starting from January 1990; consequently, taking into 

account that time to maturity is measured in half years, wage 

inflation is available from July 1990. The excess stock return is 

derived from the MSCI world total return stock index downloaded 

from Datastream. The MSCI world total return index has been 

available since 1969. Table 2 shows the names and meanings of 

each variable used in the VAR model; Table 3 presents the sample 

statistics; and Figure 2 plots the development of each variable 

since the initial date.

 In the estimation, we only use data from July 1990 to March 

2014. First off, this is because most variables, such as inflation, 

short rate, and ten-year rate, behaved very differently after the 

market crash at the end of the 1980s. For instance, we see in 

Table 2. Symbols and Meanings of Variables

Variable Name Definition

y (1) Annualized six-month zero-coupon federal security rate

cpi Inflation

rs–y (1) Stock return premium

y (20)–y (1) Ten-year zero-coupon federal security yield spread

wage Nominal wage inflation

Table 3. Sample Statistics for the State Variables

           average  std.dev  minimum  maximum 

y (1) 3.48% 2.52% -0.06% 9.63%

cpi 2.20% 1.35% -2.04% 6.25%

rs–y (1) 2.86% 28.62% -118.71% 67.41%

y (20)–y (1) 1.40% 1.19% -1.76% 3.59%

wage 2.29% 1.30% 0.18% 6.23%
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Figure 2. Historical data

 (a) Inflation (b) MSCI Return

 (c) Wage Inflation (d) Short Rate

 (e) Ten-year Rate (f) MSCI
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Figure 2a that inflation was very volatile in the 1970s and 1980s. 

The second reason for this is that wage inflation data is only 

available since July 1990. We use the maximum likelihood method 

to estimate the coefficients of the VAR model. The estimation 

results are shown in Table 4. Next, we calibrate the price of risk 

to fit an affine term structure to the observed term structures of 

interest rates. A detailed description of this calibration can be 

found in the appendix [11].

Table 4. Estimation Results of the VAR(1) Model

  a       Γ    

y (1) 0.0044 0.9602 -0.0237 0.0013 -0.1048 -0.0465

0.0012 0.0178 0.0259 0.0011 0.0368 0.0298

cpi 0.0027 0.0006 0.768 0.0029 -0.0289 0.1194

0.0018 0.0255 0.037 0.0016 0.0526 0.0426

rs–y (1) 0.0269 0.3727 -1.3627 0.8635 0.7079 -0.6779

0.0321 0.4638 0.6747 0.0289 0.9587 0.7762

y (20)–y (1) 0.0008 -0.009 -0.0135 -0.0009 0.9698 0.0154

0.0006 0.0082 0.012 0.0005 0.017 0.0138

wage 0.0059 0.0018 -0.0559 0.0009 -0.1177 0.8672

0.0013 0.0194 0.0281 0.0012 0.04 0.0324

     ∑      

y (1) 0.0052 0 0 0 0   

cpi 0.0019 0.0072 0 0 0   

rs–y (1) -0.012 0.0071 0.1356 0 0   

y (20)–y (1) -0.0005 0.0001 0.0001 0.0024 0   

wage 0.0017 0.001 -0.0001 0.0005 0.0053   

The VAR model is described by Equation (1). The variables in the first column are 
the state variables. In the upper panel of this table, the estimated coefficients of 
a and Γ are presented, with the corresponding standard errors in italics. In the 
lower panel of this table, the estimated coefficients of Σ are presented.
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 With the estimated VAR model, we can simulate economic 

scenarios for future interest rates, stock returns, price inflation, 

and wage inflation. Using the simulated term structures, we can 

derive the bond returns and discount factors needed for calcu-

lating pension liabilities. Given the bond and stock returns, the 

pension fund’s asset returns can be determined as a weighted 

average of the bond returns and the stock returns, with 65% 

invested in bonds (i.e., zero-coupon bonds with a maturity of 

ten years) and 35% in stocks (with returns given by rs). Assuming 

the initial wage base is 1, the wage inflation gives us enough 

information to simulate the wage base for fifty future years, and 

the full indexation pension entitlements can thus also be deter-

mined. The number of workers and number of retirees for each 

generation are fully determined by the population distribution of 

the pension fund and the 2014 cohort life table. With this infor-

mation, we can update the pension assets, liabilities, pension 

entitlements for each generation, actual funding ratio, and PFR at 

each period in each path.

Figure 3. Quantiles of the pension fund’s average annual asset 

returns (left panel) and average nominal wage inflation (right 

panel) 

 (a) Pension fund’s asset returns   (b) Nominal wage inflation
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 To illustrate the model outcomes, Figure 3 shows the devel-

opment over time of the quantiles of two of the main drivers 

determining outcomes, namely the average (across time) of the 

pension fund’s annual asset returns (Panel [a]) and the average 

(across time) of the nominal wage inflation (Panel [b]). As the 

figure shows, in most scenarios the pension fund’s average 

annual asset returns at the time horizon (i.e., fifty years from 

now) is between 3% and 8%, and the average nominal wage 

inflation is between 1.6% and 2.6%. 

 As the main measure of success of a pension scheme, we use 

the indexation ratio8 in this paper. We define the indexation ratio 

for a given generation as the ratio of actual pension entitlements 

(incorporating the cumulative effects of conditional indexa-

tion) to fully indexed entitlements, computed cumulatively from 

the start of a working career.9 In the case of retired generations, 

the indexation ratio is defined as the ratio of paid-out benefits 

with respect to the benefits that would have been received if full 

indexation had been applied throughout the generation’s partici-

pation in the pension scheme. Table 5 presents, at a time horizon 

of fifty years from now, the correlations between the indexa-

tion ratios of the cohorts in age groups 25, 45, and 67 at the start 

of the simulation, the PFR, the pension fund’s average annual 

asset returns (“return index,” abbreviated RI), and the average 

wage inflation (“wage”).10 The correlation between the indexa-

tion ratios of the different cohorts is close to one, indicating that 

in the long run, there will only be minor differences between 

8 We use this term rather than “pension results” in view of the fact that several 
different definitions of that notion have been given in the literature.

9 See Equation (4) in the appendix [11]. We exclude negative indexation due to 
negative wage inflation.

10 At the time horizon, the generation whose current age is 67 years does not exist 
anymore in our model. However, the model allows us to calculate the 
indexation ratios that would apply to this generation.
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the cohorts in terms of their indexation ratios. There is a posi-

tive correlation around 0.51 between the RI and the indexation 

ratios and a positive correlation around 0.35 between the indexa-

tion ratios and the PFR. The correlation between the PFR and the 

RI is high, around 0.91. We find a negative correlation around 

−0.21 between wage inflation and the indexation ratios and PFR. 

Finally, the correlation between the two main drivers, RI and 

wage inflation, is around −0.09. This negative correlation is of the 

same order of magnitude as the negative correlation we observe 

in-sample between the pension fund’s annual asset returns and 

annual wage inflation (where both are not averaged in-sample), 

namely around −0.14. 

 Figure 4 plots the wage inflation against the RI at the time 

horizon. The figure includes the conditional 5% quantile, the 

conditional median, and the conditional mean, the latter 

together with 95% uniform confidence bands, of the wage infla-

Table 5. Correlation matrix 

    Ind 25  Ind 45  Ind 67  PFR    RI     wage 

1 99.3% 99.2% 35.3% 50.5% -21.0%

99.3% 1 100.0% 35.4% 50.9% -20.7%

99.2% 100.0% 1 35.3% 50.9% -20.7%

35.3% 35.4% 35.3% 1 90.7% -21.1%

50.5% 50.9% 50.9% 90.7% 1 -9.3%

-21.0% -20.7% -20.7% -21.1% -9.3% 1

The correlation matrix at the time horizon is shown for the indexation ratios of the 
current 25-year-olds (Ind 25), 45-year-olds (Ind 45), and 67-year-olds (Ind 67), 
the policy funding ratio (PFR), the pension fund’s average annual asset returns 
(“return index,” abbreviated RI), and the average wage inflation (“wage”). The 
table is based on all paths at the fifty-year horizon. 
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tion, conditional on the return index.11 As the figure illustrates, 

the negative correlation of around −0.09 corresponds to a slightly 

negative linear relationship between the wage base and the 

RI. This suggests, according to the model outcomes, that the 

scenarios with a high value of RI are not necessarily the scenarios 

where a high value is needed for wage indexation, and, simi-

larly, the scenarios with a low value of RI are not necessarily the 

scenarios with a lower need for wage indexation. 

11 More precisely, the figure shows nonparametric Kernel estimates of Med(w|r = 
r), Quant0.05(w|r = r), and E(w|r = r) for different values of r, with w standing 
for the random wage inflation per year and r standing for the random return 
on the index per year, both measured at the time horizon. The estimates are 
calculated based on the scenarios. The estimates of E(w|r = r) are supplemen-
ted with 95% uniform confidence bands.

Figure 4. Wage inflation in relation to the pension fund’s asset 

return 
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4. Evaluation of the nFTK 

In this section, we use our stylized pension fund to evaluate 

the nFTK, taking the contribution and investment policies of the 

pension fund as given. We focus on the pension fund’s real ambi-

tion, which we assume to be reflected in fully indexed pension 

entitlements. The actual pension entitlements might be less than 

the fully indexed entitlements. Therefore, we quantify the real 

ambition in terms of the indexation ratio, which we define as 

the ratio of the actual pension entitlements to the fully indexed 

pension entitlements (see previous section). We take a long-

term perspective, a time horizon of fifty years. We investigate to 

what extent the pension fund will be able to fulfill its real ambi-

tion at the time horizon, and, if so, whether this ambition can 

be fulfilled without overfunding. We use the economic setting 

described in the previous section. In particular, we assume that 

pension contributions will be kept constant, even under less 

favorable circumstances, and we assume that the pension fund’s 

asset portfolio composition (i.e., 65% bonds and 35% stock) will 

also be kept constant over time, irrespective of the economic 

circumstances. Our study therefore shows the effects of the regu-

latory framework on a pension fund that follows such a relatively 

simple policy. 

 Figure 5 shows the development over time of the quantiles 

of the resulting indexation ratios for the three age cohorts – 

25-years-old (Panel [a]), 45-years-old (Panel [b]), and 67-years-

old (Panel [c]) – at the start of the simulations.12 Figure 6 shows 

the corresponding quantiles of the resulting evolution of the PFR 

up to the time horizon. Table 6 gives the exact percentages of 

underfunding and overfunding at various horizons. In the last 

12 See Footnote 10.
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column of Table 6, we also present the percentages of the simula-

tions in which the indexation ratios for all generations still alive 

are equal to one for different future years. 

 The 5% quantile in Panel (a) of Figure 5 shows that the indexa-

tion ratio for the generation whose current age is 25 can decrease 

to less than 50% at around retirement age in at least 5% of the 

scenarios. Similarly, the 5% quantiles of Panels (b) and (c) of 

Figure 5 show that the indexation ratio for the generation whose 

current age is 45 or 67 can decrease to less than 50% within 

Figure 5. Quantiles of the indexation ratios for current 

25-year-olds (Panel [a]), 45-year-olds (Panel [b]), and 

67-year-olds (Panel [c])

 (a) Current 25-year-olds                          (b) Current 45-year-olds

 (c) Current 67-year-olds
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between 25 to 30 years in at least 5% of the scenarios. Such low 

indexation ratios are a result of less-than-full indexation and 

pension entitlement cuts, under the assumptions (which we 

make) that pension contributions are kept constant even under 

less favorable circumstances and the pension fund’s asset port-

folio composition is kept constant over time. 

 In the median case, the indexation ratio equals one in all three 

cases. In fact, full indexation at the end of the simulations occurs 

in close to 60% of the scenarios (see last column of Table 6), 

which also means that in around 40% of the scenarios, the real 

ambition of an indexation ratio equal to one is not achieved. 

To clarify the outcomes, we present in Figures 7 and 8 the indexa-

tion ratios for the cohorts of current 25-year-olds (Panel [a]) and 

current 45-year-olds (Panel [b]) at the time horizon in relation to 

Figure 6. Quantiles of the Policy Funding Ratio (PFR)
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the PFR (Figure 7) and the pension fund’s average annual asset 

returns (Figure 8).13 The figures include the conditional 5% quan-

tile, the conditional median, and the conditional mean, where 

the last variable is also accompanied by a 95% uniform confi-

dence band. The vertical line indicates the RFR. These figures are 

constructed analogously to Figure 4. As these figures show, given 

a PFR that is approximately the same as the RFR, the indexa-

13 We do not include the graph for the current 67-year-olds since that generation 
will no longer exist in our model at the time horizon. See also Footnote 10.

Table 6. Probability of Underfunding and Overfunding

Year  
 PFR < 
100% 

 PFR < 
104.3% 

 PFR > 
110% 

 PFR > 
126.66% 

 PFR > 
150% 

 Full Ind. 
Ratio 

1     15.10% 34.40% 34.20% 0.90% 0.00%  - 

2     12.50% 17.70% 71.40% 30.40% 5.40% 58.50%

3     8.30% 12.30% 80.90% 54.20% 19.70% 59.10%

4     8.10% 12.00% 82.90% 58.60% 29.80% 61.50%

5     8.80% 12.20% 82.10% 62.40% 34.90% 61.90%

10    9.30% 12.30% 82.80% 64.70% 43.20% 63.40%

15    12.70% 15.70% 78.80% 63.00% 44.40% 63.40%

20    12.50% 15.60% 80.20% 63.40% 43.10% 57.70%

25    11.00% 14.40% 79.10% 62.50% 45.70% 56.90%

30    11.20% 15.80% 79.30% 63.20% 46.20% 57.70%

35    9.90% 12.30% 82.90% 67.30% 51.80% 58.60%

40    10.50% 13.70% 81.70% 67.40% 52.70% 60.00%

45    11.40% 13.40% 80.20% 65.90% 53.30% 59.80%

49    12.20% 15.00% 79.00% 66.70% 53.60% 60.70%

We summarize the probability of the Policy Funding Ratio (PFR) being below 100%, 
below the Minimum Required Funding Ratio (MRFR), above the lower bound for 
indexation, above the Required Funding Ratio (RFR), and above 150% at various 
horizons. The probability of full indexation is given as well. Both the pension 
entitlements and the fully indexed pension entitlements start at the same level, 
so the indexation ratio is not relevant for the first year.
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tion ratio will be around 95% or more in 50% of the scenarios 

(according to the estimated conditional median); the average 

indexation ratio will be just below 80%; and the indexation ratio 

can be as low as 35% in 5% of the scenarios (according to the 

estimated conditional 5% quantile). Thus, based on the worst 

5% of cases, we find that a value  of the PFR equal to the RFR at 

the time horizon of fifty years is no guarantee that the pension 

fund will be able to fulfill its real ambitions. It is highly likely that 

under such poor conditions, with indexation ratios dropping to 

35%, there will be mounting pressure for changes in the system.

 On the other hand, circumstances under which the PFR is close 

to 400% or the pension fund’s average annual asset return is 

around 7% will result in full indexation in at least 95% of the 

scenarios (according to the estimated conditional 5% quantiles). 

To achieve full indexation in at least 50% of the scenarios, a PFR 

of close to 200% or average annual asset return of close to 5% 

Figure 7. Indexation ratios for current 25-year-olds (Panel [a]) and 

45-year-olds (Panel [b]) in relation to the Policy Funding Ratio 

(PFR), measured at the time horizon. The vertical line indicates the 

Required Funding Ratio (RFR).

 Current 25-year-olds                             (b) Current 45-year-olds 
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seems to be required (according to the estimated conditional 

medians). Thus, under favorable conditions (average annual asset 

return of around 7% or more), the pension fund is able to fulfill 

its real ambitions (at the time horizon) to a large extent. But given 

the current nFTK, such favorable conditions will likely result in 

PFRs far above the RFR. This is confirmed by Figure 9, which shows 

the conditional 5% quantile, the conditional median, and the 

conditional mean (accompanied by a 95% uniform confidence 

band) of the PFR measured at the time horizon, conditional on 

the pension fund’s average annual asset returns.14 The horizontal 

line in this figure represents the RFR. As the figure shows, given 

average annual asset return of around 7%, the PFR will be over 

325% in 50% of the scenarios (according the conditional median 

estimates). Such high PFRs are achieved by taking into account 

the pension contribution reduction policies under the nFTK (but 

also assuming no change in the composition of the pension 

fund’s asset portfolio over time). Therefore, there will be pressure 

14 The qualitative nature of this figure might not come as a surprise; we include 
this figure because of its quantitative information.

Figure 8. Indexation ratios for current 25-year-olds (Panel [a]) 

and 45-year-olds (Panel [b]) in relation to the pension fund’s 

average annual returns, measured at the time horizon.

 (a) Current 25-year-olds                                (b) Current 45-year-olds 
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for changes of the system even under favorable circumstances. 

We have assumed a fixed investment mix here; if the nFTK is 

sustained, this assumption is not likely to remain valid. However, 

it is nevertheless likely that under such circumstances, the regula-

tory system will also be under pressure to allow more benefits to 

be paid to current generations. 

 Our model therefore indicates that in both bad-weather and 

good-weather scenarios, it is likely that the nFTK will not be 

sustained. We should point out, however, that the predicted 

effect may be due in part to limitations in the model in combi-

nation with the available data. Figure 4 shows that the negative 

correlation between the pension fund’s average annual asset 

Figure 9. The Policy Funding Ratio (PFR) in relation to the pension 

fund’s average annual returns, measured at the time horizon. The 

horizontal line indicates the Required Funding Ratio (RFR).
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return and average wage inflation in our model corresponds to a 

slightly downward sloping line when the average wage inflation 

is considered in relation to the average annual asset return. This 

means that in our model, the pension fund’s asset return does 

not hedge against wage inflation. The negative correlation in our 

model between the pension fund’s average annual asset return 

and average wage inflation is in line with the observed in-sample 

correlation between annual wage inflation and annual asset 

return (equal to around −0.14). However, the actual relationship 

between average wage inflation and average annual asset return 

may be nonlinear, as indicated by Figure 10. This figure shows the 

conditional 5% quantile, the conditional median, and the condi-

tional mean (accompanied by a 95% uniform confidence band) of 

the in-sample annual wage inflation in relation to the in-sample 

pension fund’s annual asset returns. The relationship between 

Figure 10: The in-sample annual wage inflation in relation to the 

in-sample pension fund’s annual asset return.
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annual wage inflation and the in-sample pension fund’s annual 

asset returns appears to be nonlinear, with a more or less unclear 

pattern for annual returns of less than −15% (due to a lack of 

observations), followed by a more or less clear U-shaped pattern 

for annual returns above −15%.15 If there is a positive correlation 

between asset returns and wage inflation in scenarios with either 

very good or very bad returns, then the large spread of outcomes 

that we get from our model would be mitigated. However, to 

capture a relationship as presented in Figure 10 requires a more 

flexible, and likely heavily nonlinear, model, which is beyond the 

scope of this paper.16

15 As reported, this nonlinear relationship corresponds to a linear correlation of 
around −0.14.

16 Moreover, more flexible nonlinear models might improve the in-sample fit but 
typically perform rather poorly out-of-sample due to the possibility of 
overfitting.
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5. Some design issues 

We consider a stylized pension fund with a fixed investment and 

contribution policy (but where the contributions will be lowered if 

allowed by nFTK rules). Given this set-up, the policy funding ratios 

turn out to be high in many scenarios within the set generated by 

our economic model. After five years, the probability of the PFR 

exceeding 150% is around 35%; the median PFR goes over 150% 

after 35 years; and the 95% quantile soars to more than 700% at 

the end of the simulation period. The occurrence of such unre-

alistically high funding ratios is due to the restrictions that are 

placed on recovery indexation and pension contribution reduc-

tions, in combination with the assumptions that are built into our 

economic model.17 Given that expected asset returns exceed wage 

inflation, funding ratios may still reach high levels even under full 

indexation; the additional instrument of reducing pension contri-

butions can only be applied under very restrictive assumptions 

within the nFTK. 

 In spite of the high median funding ratio produced in our 

scenario set, the probability of less than full indexation is 

substantial, even after fifty years. This indicates that under the 

nFTK, pension fund participants cannot always take full advan-

tage of favorable economic circumstances. In the set of scenarios 

corresponding to less than full indexation, realized funding 

ratios are distributed more or less evenly across a wide spectrum 

of outcomes. As can be expected, low indexation ratios tend to 

17 In the revision of the Pension Act as originally proposed by the Dutch 
government, the amount that could be used for recovery indexation was 
maximized to 10% of the surplus. Parliament adopted an amendment which 
raised the maximum to 20%. In our calculations, we have applied the latter 
policy; however, the differences with the outcomes under the rule originally 
proposed are small.
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be associated with scenarios under which there are low asset 

returns and/or high wage inflation. The 5% quantile corresponds 

to policy funding ratios that go down to almost 40%. It appears 

that, for a fund that maintains a fixed-mix investment policy, 

the nFTK system neither provides an effective cap on fund wealth 

nor protects pensions against adverse economic scenarios. Under 

such circumstances, the system is not expected to be maintained. 

The goal of providing a sustainable, future-proof system seems 

too ambitious to be achieved by the current design of the nFTK 

in itself. There is a “catch” in the system: full indexation occurs 

mainly in scenarios in which the funding ratio is at levels that are 

likely to lead to changes in the system. At the same time, under 

adverse scenarios, indexation ratios may drop dramatically. 

 The results could possibly be improved by adapting some of 

the parameters of the nFTK regulatory framework. For example, 

changing the conditions for the repair policy, such that 100% of 

the funds in excess of the RFR could be used to reduce the gap 

between actual and full indexed pension entitlements, would 

increase the probability of full indexation at a ten-year horizon 

from 63.4% to 66.7%, while the probability of underfunding at 

the same time horizon would only increase from 12.3% to 12.8%. 

Coupling such a change in the repair policy with replacing the 

ACP parameter values by the model-based parameters (e.g., 

increasing the expected stock returns from 6.75% to 7.5%) would 

increase the probability of full indexation at a ten-year horizon 

even further, to 69.2%, while the probability of underfunding at 

the same time horizon would increase only to 12.9%. 

 Alternatively, adopting investment policies that are more 

responsive to economic conditions than the fixed investment mix 

we created as a benchmark could help avoid the catch referred to 

earlier. More fundamental improvements, on both the upside and 
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the downside, could be derived from introducing greater flex-

ibility into the policies. Some interesting possibilities for investi-

gation, as topics of future research, could be indexation policies 

that differentiate between generations or contribution-reduction 

policies that are more flexible and tied to, for instance, the PFR 

level. 
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6. Conclusion 

In this paper, we investigate the stability of the nFTK based on 

simulations. We start by establishing a stylized pension fund that 

mimics the actual demographic structure of the Netherlands. New 

workers enter into the pension fund at the age of 25 and retire 

at the age of 67. We assume mortality according to the 2014 life 

table provided by the actuarial association of the Netherlands. 

The influx of workers is assumed to be constant. The contributions 

per individual as a fraction of the pension base are determined 

at the start of the simulations and assumed to be constant over 

time, except when a reduction according to the nFTK is permitted. 

The pension fund’s investment policy is a simple fixed-mix policy, 

35% in stocks and 65% in ten-year bonds. Pension liabilities are 

discounted according to the term structure constructed by our 

own model. 

 Next, we formalize the nFTK and the various actions that must 

be taken under different circumstances. We study how the stylized 

pension fund performs under the nFTK under different simulated 

economic scenarios. In particular, we investigate the evolution of 

the indexation ratio and the policy funding ratio of the pension 

fund in relation to each other and to wage inflation and asset 

returns. We find that the highly ambitious goal of providing a 

sustainable, future-proof system seems too great to be achieved 

by the current design of the nFTK alone, at least given our styl-

ized pension fund and the investment, contribution, and benefits 

policies considered. 
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An evaluation of the nFTK 

A new regulatory framework for Dutch pension funds has come into 

force in 2015, replacing an earlier system that existed since 2007. The 

revision, known as \nFTK” (new Financial Assessment Framework), is 

meant to resolve a number of weaknesses of the earlier system which 

became apparent in the wake of the financial crisis. Lei Shu, Bertrand 

Melenberg, and Hans Schumacher (all TiU) carry out an analysis of the 

new framework, based on a simulation study.
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