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SUMMARY:


EventMod – a Framework for Stochastic Microsimulation and Event History Analysis

EventMod is a framework for building microsimulation models based on discrete event simulation by means of event queues and event history analysis.  

The simulation part of this framework was originally developed at the Norwegian Computing Center in the period 1991-93 as part of a project aiming at modeling the “client flows” in the Norwegian pension and benefit system. The statistical parts of the framework were added in 1994-1995 at Event AS. During 2005 the simulation part was also implemented as a Java class library called JEvent. The focus of this presentation is the methods and key concepts underlying the framework, not the specific sofware implementations. Finally a model of Pension Schemes in Norwegian Enterprises – PenMod – will be presented as a sample application.

Discrete Event Simulation and Event Queues

The simulation core of the framework is based on discrete event simulation using event queues as in the programming language Simula: An event queue contains scheduled events ordered by increasing activation times. During the the simulation the events in the queue are processed one by one until the queue is empty or the simulation is stopped by external intervention. During the simulation the events in the queue may be rescheduled or cancelled, and new potential event may be scheduled, i.e. added to the queue. Each potential event in the queue is associated with a process which may be active (scheduled) or passive (not scheduled).

A demographic model with pensions and benefits will typically include events associated with persons like childbirth, death, employment, unemployment, disablement, reactivation from disablement, retirement etc. Most of these events will be related to the person’s age, sex and state in other respects, and possibly to date if we wish to take into account that mortality, birth rates or other rates develop over time.  Some of the events may also be related to time in a certain state or time since a certain event, e.g. as childbirth may be related not only to age, but also to time that has passed since the previous childbirth and number of previous children. In other contexts measures of cumulated time in a certain state may also be a relevant time measure.  Age, time in a state, cumulated time in a state etc represents local time measures in contrast to global time or calendar time, and may be thought of as a kind of stopwatches. In EventMod such local times are implemented as local event queues linked to the main event queue of the model through a translation mechanism that translates between local time and global time (date):  Each local event queue is scheduled in main queue according to the activation time of the first event in the local queue translated to global time.  During a simulation with EventMod there will typically be not only one event queue, but a tree of event queues with at least one queue for each person representing the person’s age. This solution provides a very simple framework for modeling the processes as the user can focus on the most intuitive time measures like age or time in a certain state, and does not have to bother about the translation to dates.

Competing Risks

In most model applications there will be elements of competing risks, i.e. that only one among several potential events may take place.  E.g.:  A women in fertile age is both exposed to the “risk” of having a child, and the risk of dying. Such competing risks are modeled as a sort of competition between childbirth and death. Both the childbirth and the death are sheduled in the event queue by drawing waiting times for each of them according to mortality and fertility rates. If the childbirth happens first, the next childbirth is scheduled by drawing a new waiting time for it; if the death occurs first the childbirth (and all other events associated with that person) is cancelled, i.e. removed from the event queue. A slightly different example of competing risks occurs if one event changes the conditions of another event without necessarily excluding it, e.g. if we assume that disability changes the mortality of a person. In this case we will, for a healthy person, schedule both a time of death and a time of disability. If the person becomes disabled we will reschedule the time of death according to the mortality rate for disabled persons, and at the same time shedule a time for reactivation. If the person becomes reactivated, we will again reschedule the time of death, this time according to the mortality for healthy persons, or maybe using a third mortality for previously disabled persons.

Register Data, Episodes and Event History Analysis

The data sources for estimating the rates for the various event types in demographic models related to pensions and benefits will in many cases be some sort of register data containing person-releated events with dates, e.g. death, birth, disablement, retirement etc. In order to estimate the rates by means of event history analysis, such data has to be converted to episodes (or spells), which represent a period of risk exposure for a certain event, and dummy variables indicating whether the event took place at the end of the episode or not. Although theoretically simple, this conversion of data may be very complicated and time-consuming, especially in complex models with multiple states and explanatory variables in combination with state dependent rates, competing risks etc.  One of the key ideas (and functions) in EventMod is to integrate this type of data preparation into the core of the modeling framework in order to automate the conversion from register data to episode data ready for estimation by means of event history analysis, and thereby guarantee consistency with the model:  When a model is set up within the EventMod framework it is both a simulation model and an estimation model, and able to estimate all the transition rates directly from register data, alternatively convert register data to episodes for export to external statistical software.  It is simply a matter of whether the model is run in simulation mode or in data extraction mode.

This works as follows:  During a simulation, waiting times are drawn for each potential event a person may experience from the current state. The waiting times are usually drawn using rate functions that depend on some local time measure (typically age) in addition to other explanatory variables. E.g. the time to death may be drawn from a mortality rate dependent on age and sex while taking into account the present age of the person. This sheduling operation is typically done by a call to procedure called Wait with the waiting time wt as an argument: Wait(wt).  When the event has been scheduled, two things may happen: The event may either occur at the scheduled time, or it may be cancelled at some earlier time due to a “loose” in a competing risk “race”.  (Rescheduling an event is equivalent to a cancellation followed by a new scheduling.)

In EventMod the Wait function is replaced with a function called Risk, which takes a rate object as argument together with the current local time (typically current age) and possibly additional explanatory variables. The rate object contains both the rate function and episode data records related to that function. In simulation mode the Risk function draws a waiting time from the rate function with the current local time and explanatory variables as input, and then schedules the event by calling Wait.

When the model is run in data extraction mode all the dated events related to a person are “replayed”. During this replaying of events, a call to Risk creates an episode record in the rate object and inserts the current local time as the beginning of the risk exposure period. If  the event actually takes place, the end of the exposure period (in local time) is registered in the episode record together with a value 1 to indicate that the event took place.  If the event is cancelled the end of the exposure period is registered together with a value 0 to indicate that the event did not take place, i.e. right censoring.

During simulation, one can also collect episode data as if it was data from an external source.

This approach has several benefits:

· Building a model, you will always have both a simulation model and an estimation model, and both will be consistent with each other.

· Models may be investigated by simulations with known rates and thereafter re-estimate the rates from the generated episode date. Such experiments may cast light on uncertainty and other statistical properties of the model.

· Forecasts can be made by first extracting data for a population from the past, estimate the rates and then simulate the future for the same population.

· Simulations can be compared to history by replaying data from a previous period and estimate the parameters, then simulate the same population for the same period using the estimated results. Such experiments can uncover weaknesses in the model.
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