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ABSTRACT: 
In the Netherlands there is a large discussion on the costs of the ageing population and on the policy measures needed to cope with this development. Therefore it is important for the government to have access to a model that can calculate the financial and economic implications of the ageing problem. The dynamic ageing microsimulation model SADNAP (Social Affairs Department of the Netherlands Ageing and Pensions model) is being developed for this purpose. This model uses administrative datasets of all Dutch public pensions and all entitlements for pensions. The model is used to forecast the state pension expenditures by using detailed data on life expectancy, immigration etc. These costs rise sharply from € 24 billion in 2006 to € 48 billion in 2038. The model will also be used to analyse effects of policy changes on the public budget and on the income of pensioners. We find that the abolishment of the partner allowance (due to take place in 2015) will save almost € 3 billion in 2038. The model will be expanded with more detailed data on private pensions in the near future. 
1. INTRODUCTION
The Netherlands is facing an ageing population. Especially, this is a complication for the state pension called AOW (Algemene Ouderdoms Wet) which is financed through a pay-as-you-go system. The state pension is the first pillar in the Dutch pension scheme, which is based on three pillars. The second pillar consists out of supplementary company or sector pension facilities. Employees are obliged to take part in second pillar pension programmes. The third pillar contain individual pension saving programmes which are voluntarily to participate in. Both second and third pillar pensions are fully funded. Nelissen (1992) gives an indication of the importance of those second and third pillar pension schemes in the Netherlands and how they can be modelled.
The Dutch government supplies a state pension called AOW to all persons aged 65 or over when they are entitled. Inhabitants of the Netherlands build up a right to this pension by living or working in the Netherlands while aged between 15 and 65. A right of 2% for this arrangement is built up for every year this condition is fulfilled. Part of the population is only partially entitled because they have lived only temporarily in the Netherlands when aged between 15 and 65.
The state pension scheme makes a distinction between an AOW acknowledgement to couples and to singles. A single gets a benefit of 70 percent of the minimum wage
 and a person out of a couple gets 50 percent of the minimum wage. Until 2015, persons with a (non-working) partner younger than 65 can supplement their state pension of 50 percent with an allowance of another 50 percent to a combined maximum of 100 percent of the minimum wage. Partly entitled persons can lay a claim on social assistance. Social assistance, however, is income and means tested. 

The AOW is a pay-as-you-go arrangement, the current population of workers pay for the current population of pensioners. In 2006, 2,6 million people were receiving an AOW pension. The total cost of these pensions in 2006 is € 24 billion. The AOW is financed through a premium paid by these workers. The premium is fixed at a rate of 17.9 percent of the first two tax brackets (the limiting income is approximately 30,000 euro in 2007). This premium revenue is not sufficient to cover all AOW costs. The government contributes the part of the AOW costs that are not covered by the premiums. The government contribution is financed by taxes, which are paid by pensioners as well. Currently, from the total cost of state pensions of € 24 billion, € 17 billion comes from premiums and € 7 billion from taxes. The AOW expenses are rising sharply because of the ageing whereas the premium income stays quite steady. This implicates that the state contribution is rising. 

2. MICROSIMULATION
Microsimulation is a forecasting method that uses large datasets containing data on the individual level. Records on individual persons contain characteristics like birth year, gender, partner data etc. The future for the individual entities in this database is simulated. Chances are used to simulate whether events will happen in the future to a specific record. Also institutional rules must be taken into account. Calculation rules are used to apply the chances and institutional rules to the micro data file. 
There are two sorts of microsimulation: dynamic and static. With dynamic microsimulation the characteristics of a record can change over time, or, in other words, dynamic models try to move individuals forward through time, by ‘updating each attribute for each micro-unit for each time interval’ (Caldwell, 1990). Static microsimulation does not allow characteristics to change. 

Microsimulation is subject to Monte-Carlo variability, resulting in different outcomes for each individual simulation experiment. This allows for the exploration of the distribution of events rather than its point-estimates, thus leading to a more adequate representation of uncertainty and risk. It implies that simulations have to run various times and results have to be stored for all simulation runs in order to allow for further exploration of the distributional properties of the variables (Spielauer, 2002).

One can deal with this Monte-Carlo variability in several ways. First, several simulations can be done and an average outcome can be calculated. The difference in average outcome between the base situation and the policy alternative can then be accounted to the policy change. Also, a larger sample can reduce the fluctuations between different runs with the model. Finally, the Monte Carlo variance can be avoided at all by fixing the random numbers used to generate the events. This last method is useful to compare a policy alternative to the base situation, because we can appoint the difference between the two simulations to the policy change only.
Microsimulation is very useful when information for specific individuals or groups of individuals is needed. Information on specific groups can also be obtained by creating more groups within cell-based macro-forecasts. But in practice, because of the large number of subgroups that arise when taking into account all the relevant characteristics, these cell-based approaches become problematic when the subgroup size becomes too small (Van Sonsbeek and Gradus, 2006).
However, construction of a dynamic population model is very demanding and several previous efforts have failed. Cassels, Harding and Kelly (2006) identify some success and failure factors and recommend models to have clear objectives, a modular design, be user friendly, produce timely output and be transparent. With SADNAP we try to follow these recommendations by limiting ourselves initially to the budgetary impact of the state pensions only. Currently the SADNAP output is already used in preparing the budget of the Ministry of Social Affairs and Employment. In new modules we want to include the private pensions and the non-budgetary aspects (like income distribution) in order to get a more complete picture of the pros and cons of different policy measures.
3. DATA SOURCES

From the sate pension perspective the Dutch population can be separated into three groups: people aged younger than 15, aged between 15 and 64, and people older than 65. People younger than 15 are not yet building up AOW rights. People between 15 and 64 could have been building up rights already. And people aged 65 plus are receiving a state pension if they have built up entitlements in the past. 

For all three groups micro data files are available, which we can use to construct our own database.

The SADNAP data file is composed out of sources delivered by two institutions. Statistics Netherlands (CBS) supplies a micro data file with specific AOW variables concerning entitlements. This file contains all people aged between 15 and 64 who live in the Netherlands. Several interesting variables for these people are stored in the data file; birth year, origin (we used the distinction native, western non-native, and non-western non-native), gender, marital status, and entitled years for the AOW. The micro file contains data from the year 2004. Out of the CBS micro record data base we could compose a frequency table which is used to create individual records with the characteristics from the corresponding group. 
The records for people aged younger than 15 can be constructed by using general demographic CBS statistics on the age, gender and ethnicity composition of the Dutch population. As the entitlements are zero until persons become 15,  we do not need additional information on this group. 

The second institution that provided data is the Social Insurance Bank (SVB). The SVB is the authority that accomplishes the payment of, among others, state pensions. The Ministry of Social Affairs and Employment receives a lot of detailed data from the SVB on the current state pensions, including a full administrative data file with information on all 2.6 million persons that were receiving AOW in 2006. 
The SVB data file contains detailed information on the entitlements to the AOW, gender, birth data, country of living, marital status, birth date of the partner and whether there is a partner allowance. Moreover, this file contains information on people receiving AOW abroad whereas the CBS only delivers AOW information on inhabitants of the Netherlands.
Before using the file, we have to check the aggregation of variables and groups and benchmark it with macro variables from realisations in 2006. Also, we have to delete errors in some records, mostly typing errors. However, the number of records that had to be deleted completely because of missing or implausible data is less than 0.01%. The data file was adjusted to fit the macro data of the CBS for the base year population and variables of realisation figures out of our macro model for specific pension groups. 
Consequently the base data file of the SADNAP model exists of a random sample from different micro files that combined form the whole Dutch population (see figure 1). Some characteristics of the two main data sources can be found in figure 2.
Figure 1: The construction of the base data file
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Figure 2: Some characteristics of the two main data sources

	 
	SVB file 2006
	(65+)
	CBS entitlement file 2004
	(15-64)

	 
	Absolute
	%
	Absolute
	%

	Gender
	 
	 
	 
	 

	- Male
	1.130.506
	43.48
	5.562.008
	50.53

	- Female
	1.469.568
	56.52
	5.446.018
	49.47

	Origin
	 
	 
	 
	 

	- Non-native
	Not important to SVB

> Estimation based on CBS
	2.192.515
	19.92

	- Native
	
	8.815.511
	80.08

	State pension entitlement
	 
	 
	
	

	- Complete
	2.200.342
	84.62
	9.385.782
	85.26

	- Reduced
	399.802
	15.38
	1.622.244
	14.74

	- Payment abroad
	235.183
	9.00
	Not applicable for  population

aged15-64


Because of their higher life expectancy, women are outnumbering men by 56,5% to 43,5% among the population aged over 65. Among the population of 15-65 years old, however, men are outnumbering women by 50,5% to 49,5%. Almost 20% of the population aged 15-65 is non-native. Among this group, reduced AOW-rights are common because part of the group migrated to the Netherlands after age 15 years. Almost 15% of the population aged 15-65 already has a reduced right. This percentage will rise in the future because before reaching the age of 65 part of the population aged 15-65 who at the moment are having a complete entitlement can lose some years of building up rights when they go abroad.
4. THE SADNAP MODEL
Currently, in the Netherlands there is a large discussion on the costs of the ageing population and on the policy measures needed to cope with this development. Therefore, it is important to have access to a model that can calculate all implications of the ageing problem on a long term. In paragraph 4.1 we present the models currently in use at the Ministry of Social Affairs and Employment. In paragraph 4.2 we take a closer look at the development of SADNAP. 
4.1 Models currently in use

The Ministry of Social Affairs and Employment is already using a microsimulation model called “Micros”. This is a mixed (partly static, partly dynamic) model for fiscal and social security arrangements and is used to calculate income distribution (Hendrix, 1993). However, this model is not suited for making budgetary forecasts and less specific on state pensions, so that analyses of specific policy measures are difficult.
The forecasting model that has been used for the AOW arrangement until now is a macro model. The SVB delivers volume prognoses for a specific set of groups (men and women, singles and couples with and without a partner allowance, complete and reduced pensions) in the AOW. With our macro model we calculate the costs that go with the volumes by multiplying the expected group size with the average benefit for this group. 
The macro model that has been used has several shortcomings. First, because the macro model works with groups with the same characteristics, information does get lost by making groups. Age groups are not included, for example, although among the population of 65 and over different ages can have very different characteristics  

Second, there are certain features of the AOW that can not simply be taken into account with macro models, such as changes in migration patterns and changes in household situation. Migration can affect the entitlements to the AOW. For instance, if people come to the Netherlands at a later age they have lower entitlements. The present macro model also does not take into account changes in the composition of households. Two singles get more pension then two persons in a couple, so when the number of singles among the population of pensioners rises, the cost of the AOW will rise as well. 

Third, the macro model is limited to the state pensions, whereas the income of pensioners does not only consist of state pensions, but also of private pensions. We would like to have an integral model for the ageing problem, including the income effects of different policy measures.
The Dutch Ministry of Social Affairs and Employment has been developing the dynamic microsimulation model SADNAP to handle the problems appointed before. 
4.2 Development of SADNAP
We start by creating a base data file out of the source files. The CBS-file with data for people aged 15-64 has another year of origin (namely 2004) than the SVB-file for people aged over 65 (namely 2006). Therefore, we decided to simulate the population aged 15-64 towards a population of 2006. A population can change by four demographic events: births, deaths, immigration, and emigration. Births do not affect the population aged 15-64 in two years of simulation (we can choose to enter people aged 13 and 14). Therefore, we make the 2004 population subject to deaths, immigration, and emigration. After this first simulation the 2004 population is aged 17-66. Because we have the availability of a richer data file with people aged over 65 in 2006 we delete all persons aged 65 and 66 and consequently add all age groups together. This whole process can be found in figure 3. The process delivers a base data set which we can use for the simulation process.
With the base data set, emigration and death probabilities, and immigration and birth rates we have made a population forecast. This forecast shows the development of the population in the future. We have got probabilities and rates from the CBS until 2050 (after 2050 we can use the 2050 chances and rates as an approach or we can use a trend). The functions for death probability and emigration probability can be described as follows:

(1) Death = p(age, year, gender) with δp/δage > 0, δp/δyear < 0 and δp/δgender < 0 (male=1, female=0)
(2) Emigration = p(age, year, gender) with δp/δyear < 0 and δp/δgender > 0
For immigration and birth we use the most recent CBS estimates (CBS, 2007). After making the population forecast we benchmark it with the official population forecast of the CBS. Although this official prognosis is used in our baseline scenario, by including the underlying processes of emigration, immigration, births and deaths, we allow for analyses of alternative scenarios in which (policy-driven) changes in for example immigration or emigration levels can be represented.
Figure 3: The simulation process of the population forecast.
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In the next step we add variables to the model, such as household type. We use household forecasts from the CBS and create chances for household types for the future. We distinguish between singles and non singles only
. The aggregated AOW for two singles is higher than the aggregation of the AOW for two non singles. The imputation of household type is simple and lacks memory. Every year we use a new set of random numbers to decide which persons are single or not. On the macro level this provides a good estimate, but in the future we plan to include a match making module in our model to create real couples within the database. By implementing such a ‘marriage market’ we can improve our analyses of for example lifetime incomes and intergenerational differences in wealth.
At this point, however, we have enough information to do calculations for the costs of the state pension.  We have information on the future population size and its division over ages. We have information on the present entitlements to the AOW. We can simulate the building up of entitlements in the future. We have information on the household type. Also the SVB file offers an insight in the age difference between partners. By adding benefit levels in the model we can simulate the future benefits of all individuals for the AOW. The total costs for the state pension can be calculated by aggregating the individual benefits. 
5. RESULTS
In this paragraph we describe the first preliminary results from SADNAP. Paragraph 5.1 presents the baseline scenario in which current institutions are not changed. Paragraph 5.2 presents one policy alternative which is already decided about and which will be implemented from 2015 onwards.
5.1 Baseline scenario
SADNAP can calculate the total costs for the Dutch state pension. Figure 4 presents the model results in the baseline scenario. The smooth line represents the costs for the state pension which are calculated with SADNAP. The dotted line (which ends in 2012) shows the costs when calculated with the macro model. The peak of the rising costs will be around 2038. The costs are calculated in the 2007 price level.
Figure 4: Costs of the state pension in the baseline scenario
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The cost of the state pensions is rising from € 24 billion in 2006, the base year, to € 48 billion in 2038 at the peak of the ageing process (price level 2007). We see that the SADNAP results in the short term are well in line with the forecasts from the macro model. The long term trend is in line with results from Van Ewijk, Draper, ter Rele and Westerhout (2006) who give a 2040 cost estimate only. When compared to earlier mid-term (till 2020) estimates by the SVB, however, the cost estimates are substantially higher.

When studying the results in more detail, one of the important causes of this difference with the SVB estimates can be attributed to the development of the number of singles among the population of 65 and over. Whereas the current trend shows a slow decrease in the number of singles, which in the SVB forecasts is continued in the future, SADNAP predicts a turnaround of this trend between 2015 and 2020. Figure 5 presents the forecast for the percentage of singles aged over 65 belonging to the same run for which the outcomes our shown in figure 4. Because of the small sample size used (0,1%) and the method of imputing the household type (as described in paragraph 4) the number of singles is fluctuating over the years, which for now we overcome by fitting a polynomial to these simulation results.
Figure 5: Forecast for the percentage of singles
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We first see a decline in the share of singles in the population aged over 65. This is caused by the increasing life expectancy. Partners live together for a longer time after reaching the age of 65. After 2020 the percentage of singles is increasing. This can be explained by the socio-economic trend that less people become cohabiting or married. This trend in the end overshadows the downward trend because of the rising life expectancy.

5.2 Policy alternatives
We have calculated the effects of one policy change which was decided about in 1996 but which will be implemented from 2015 onwards: the abolishment of the partner allowance. Van Ewijk, Draper, Ter Rele, and Westerhout (2006) have calculated the future costs for the AOW, but did not take this abolishment into account because in their analysis they assess the implications of leaving the current set of arrangements unchanged.
The costs for the AOW are calculated with and without the abolishment. Figure 6 illustrates both situations. In 2038 the partner allowance will cost almost 3 billion euros. But, we have to take into account that some of this reduction will be needed for extra social assistance for the harmed group. However, current estimates of this leakage amount to not more than 10% because the majority of the people with reduced state pensions are having private pensions or other sources of income available. SADNAP does not yet calculate this leakage to other social security arrangements but when incomes are absorbed in the model, we plan to include these effects as well.
Figure 6: Costs of the state pension when the partner allowance is abolished 
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6. CONCLUSIONS AND TOPICS FOR FUTURE RESEARCH
Like most other European countries, the Netherlands is facing an ageing population. The ageing of the population jeopardises the sustainability of public finances in the Netherlands (Van Ewijk, Draper, Ter Rele, and Westerhout, 2006). A significant part of the rise in public expanses will be caused by the rise in costs for the state pensions. The old-age dependency ratio almost doubles from now until 2038 (the peak of the ageing process in the Netherlands). Most political parties propose policy measures to restrain the sharp increase in public expanses caused by the ageing population. Some of these policy measures are concerning (state) pensions. With our microsimulation model SADNAP we calculate both the cost of the state pensions and the consequences of policy measures by comparing those alternatives to the baseline scenario. Microsimulation is a useful instrument to compare old and new policy measures on different aspects. Van Sonsbeek and Gradus (2006) show an application of a microsimulation model to analyse the 2006 regime change in the Dutch disability scheme. They show this complex policy change to reduce the cost of benefits by almost € 2 billion while slightly reducing income inequality. Buddelmeyer, Freebairn and Kalb (2006) assess a set of possible tax-related policy measures that are considered in the decision making process in Australia. 

At the moment we use SADNAP to forecast the state pension budget. Also we already use SADNAP to analyse specific groups of pensioners like those who are partly entitled to the AOW. At the moment, the income position of this group is a major political issue as some political parties want to fix the deficiency in income due to partial entitlements. With SADNAP we can easily focus on this group and determine forecasts for both the number of people with reduced pensions and the height of those pensions.
Policy measures we would like to analyse with SADNAP in the future include rising the legal retirenment age, limiting the tax privileges for pensioners and differentiating the pension age.

One policy measure considered by some political parties during the 2006 election campaign is rising the pension age from 65 to 67. Measures considered in other European countries imply a step by step increase in the pension age. One possible variant is for instance to rise the pension age with one month a year. In 24 years the pension age is raised with 2 years. With our microsimulation model several variants can be analyzed.
Another measure implies limiting the tax privilege for pensioners. In the Netherlands, pensioners do not have to pay social security premium for the AOW. This is the reason why it is beneficial to save for your pension while working. By the time you reach your pension age, you have to pay less tax over your pension savings than when you earned the money. The second measure we would like to analyse is the abolishment of the tax privileges for pensioners. There is also a variant that uses the abolishment of the tax privileges to stimulate labour participation until 65. This variant only lets people that retire before the official pension age, pay the extra tax after reaching the age of 65. This variant is included in the current government agreement, but due to be implemented from 2011 on. 

Bovenberg, Mackenbach, and Mehlkopf (2006) propose a new pension system for the Netherlands. The most prominent proposition is to accomplish a fair and ageing proof pension scheme by relating the pension age to life expectancy and arrange a fixed proportion between working and pension. Different groups of workers have a different life expectancy. In practice they propose differentiating the pension age between pension funds. 
With SADNAP we want to score the above mentioned policy measures on several indicators. Budgetary impact, which this model is developed for in the first place, is one of the key indicators for assessing the measures. Income consequences are also important and can be assessed by using income inequality indicators like the Gini coefficient. In the ageing discussion the distribution of wealth over the generations is also important. We like to develop a generation inequality indicator which compares the expected future wealth of generations currently contributing to the wealth of the generations currently using the pensions. However, these intergenerational analyses are very complicated and still underdeveloped. Pettersson (2006) gives a good example of how to perform such an analysis.
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� The (gross) minimum wage in 2007 amounts to € 16,858 per year. The AOW-benefit for a single is 70% of the minimum wage or € 11,800, the AOW-benefit for a couple is 50% of the minimum wage or € 8,429 for each partner.


� In the Netherlands (formal) cohabiting is treated by law in the same way as being married.
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