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The SVERIGE spatial micro simulation model.

SVERIGE is the name given to a family of related models. The original (a) model (System for Visualizing Economic and Regional Influences Governing the Environment) is a spatial, dynamic micro simulation model representing all individuals and families in Sweden with high spatial resolution
. LISA (b) is a simplified version especially targeting labor supply experiments
 while the SVESIM model (c), currently under construction, extends SVERIGE and LISA with endogenous labor demand and labor market clearing modules.

1. Introduction

The main purpose of the SVERIGE models is to facilitate experiments revealing detailed impact on mortality, fertility, migration, mobility, place of living, regional population composition, personal and regional income, work and welfare transfer consumption. In an experiment such impacts are simulated as the consequence of changed structural conditions, changed labor demand, changed individual behavior and new governmental policy alternatives. The dynamic, partial impact is calculated as the difference in outcome between a reference scenario and an experiment scenario deviating in assumptions from the reference only with respect to one chosen factor (like benefit level in transfer programs).

Since developed in a research environment without immediate requirements on specific applications, the models also aims at exploring and testing more theoretical statements and questions like: Effects of spatial and individual heterogeneity (i.e. small/large samples) on aggregated output, effects of scale dependence in social and economic choice processes, ecological fallacy or socio-deterministic fallacy, the class-ghetto question and generally the question whether the origin of revealed spatial behavior, conditions and performance is related to population composition or selective migration and place attraction and amenities.
A third ambition is to develop and test modeling techniques (for storage, representation, estimation, uncertainty representation and administration) enabling efficient execution of large samples of interacting actors while maintaining high resolution in time, space, attributes and behaviors. 
The scope of the models are the entire nation with all its inhabitants but the runtime system will always also give results for arbitrarily chosen spatial divisions; counties, municipalities and (for some versions) 100 meter squares. Also when the target application primarily relates to i.e. a municipality, the full nationwide model is executed. That’s the simplest way to maintain consistent impact of domestic mobility on the selected municipality. It’s possible, but in most cases not advisable, to run the models for a hundred years.     

2. Overview

The spatial microsimulation model,SVERIGE was partly inspired by the CORSIM
 model but also by time geography
 and agent-based modeling
. It adds geography in the form of detailed migration and location to the set of modules also appearing in CORSIM as discussed by
 ,
 and
. During the development at Spatial Modeling Center in Kiruna (1998-2002), the structure was gradually changed into an entirely Swedish setup. The spatial resolution of place of living is 100 metres. Geographical mobility is modelled in a two step procedure. Firstly, an interaction model allocates each moving family on destination labour market regions. Secondly, within the regions, the movers are matched against a multidimensional mobility table.
Hence, SVERIGE is a spatial micro simulation model. It’s mainly time driven, beginning with an empirical start population for a selected year, then running its modules annually until a selected time horizon at most a hundred years ahead. Within the years, however certain modules are rather operating in an event driven mood. Family formation and mobility are often inevitably intertwined and trigger each other directly. Almost all model behaviour derives from individual probability equations estimated on Swedish longitudinal individual register data. Individual action is determined by comparing the calculated context- and individual specific probability with a random number – it’s a stochastic model constrained as much as possible by deterministic behaviour equations.

In SVERIGE, individuals are born, enter and leave primary school, upper secondary level, and university, move from home, get a certain education, obtain work and income, change income, leave work, mate on a local “partner market”, marry, divorce, immigrate and emigrate, migrate domestically and locally to specific 100m squares, give birth, and die. One sample application is

The first simulation engine was designed to utilize a multiprocessor NT machine with four processors and 3Gb of primary storage. The threading mechanism contained in Microsoft’s foundation classes was used in order to facilitate efficient usage of a multiple processor machine. Despite huge, continuing and expensive efforts it never became reliable, useful or remotely efficient. The alternative approach became to develop Turbo. It doesn’t utilize threads internally. It’s very tight and small (180 k), packs data compactly, runs without a glitch, and is much faster on a one-processor machine than ever the first effort on a corresponding four-processor machine. The present version enables the model to run 9 million individuals on a minute a year on a 2 Gh machine with 1 Gb memory. The basic mechanism for scanning big population samples during the simulation is to compact the data and keep them in the primary memory. The processing is similar to reading and writing compressed or encrypted files, unpacking them one family at a time. Keeping all data in the primary storage allow us to reach any other person in the population while treating another person. Stored in this way, the nearly 9 million persons, with about 50 attributes each, can be fitted into a buffer of about 340 MB.
The simplified LISA version of the model doesn’t contain families or family formation events, just individuals (children are moved to the same region as their mothers), nor does it locate migrants and people to squares, just to 80 labour market regions.  It however contains updated versions of all equations and expands on individual income sources by including modules with estimated equations for seven transfer payment programs (for retirement pension, early retirement, sick leave, unemployment, training, studies and parental leave).

The LISA version doesn’t employ the Turbo machinery, nor does it compact data in memory – it just utilizes plain object constructs as is in the language (C#). Therefore it can’t store more than 10% (one million) of the population in memory on a similar standard computer and moving that population forward requires as much time as does running the full 100% population with Turbo. Despite that, LISA is the most extensively applied model in the family so far. One example will be given below in the conclusion. 

Current developments include the reintroduction of families, family formation and location of population and movers to 100 meter squares. This version, nick named SVESIM, adds compared to SVERIGE and LISA, modules for labour demand and individual labour market clearing. Based on exogenously given assumptions about general and sector growth of income, production and productivity, a partly endogenously driven development of each individual place of work (localised subsidiaries of individual juridical firms) in Sweden is modelled. That module produces annual demand for labour by profession and 100 meter square. The labour market module then matches each vacancy and job seeker in the country (constrained by distances and other attributes of firms and job seekers) by help of an event driven algorithm.

There are two reasons for introducing labour demand and an explicit labour market clearing mechanism: 1. Employment and production effects of policy changes affecting labour supply are hard to determine in a traditional micro simulation model only containing dynamic responses on the population – supply side. No one knows otherwise if and when increased supply is a requirement for increased employment.  2. It enables much more precise experiments with population and employment effects of local investments (Although perfectly possible also by help of the basic SVERIGE model as demonstrated by 
.

A first version of SVESIM utilizes plain object constructs just as LISA does. Therefore this model uses a stratified sampling mechanism. For a selected focus region all inhabitants might be selected for the running sample while a considerably smaller fraction can be used for the rest of the country. As a consequence, in- and out migrants from the focus region has to be resampled accordingly during simulation. Later, the Turbo machinery will be used again, partly removing this sampling necessity. The reintroduction of Turbo is planned to be implemented as a model generator enabling users to specify sample, model, equations and experiment at runtime rather than being forced to reprogram the simulation engine for every new model version.

3.  Data Issues

All models in the SVERIGE family utilises the ASTRID longitudinal individual database for selection of start sample, for estimating behaviour and for validating the models by running contra factual simulations for historical, observed periods. ASTRID contains some hundred demographic and socioeconomic attributes for each inhabitant in Sweden including location of place of living and work with 100 meters resolution. Some individual demographic information is available for each year 1968 – 2003 while most socioeconomic attributes are obtainable annually at least 1985 -2003. Data for each firm and place of work are in place annually since 1990. Some information regarding location, size, type and value of individually owned land properties are also usable since 1995. All data in Astrid derives from administrative registers at Statistics Sweden (SCB) and are used under special conditions not to reveal any individual information outside the laboratory. 

For most applications, there is no need for other data sources or imputation, merging etc. except when attitude information from surveys are needed or if i.e. alignment to other projections like the national population projection by Statistics Sweden for some odd reason would be required.   

Access to rich longitudinal, biographical information about all inhabitants gives some advantages. Firstly, there is no need for sampling for other reasons than enabling rapid simulation runs during development. Secondly, most individual behaviour is heavily contingent on the particular individual’s intrinsic history. Including a large set of lagged drivers in the equations increases prediction precision considerably compared to only utilizing attributes from the last year. Thirdly, while a large sample might work for some attributes it considerably distort especially relational attributes, i.e. individual properties pointing at other individuals or objects like mother, father, sister, partner, family, place of work, school, living place etc. Such relations become inevitably broken in a random sample. In addition, representing all individuals in the simulation facilitates a more accurate modelling of competition and cooperation than otherwise is possible. The partner market, labour market, housing market, and education market are so inherently scale dependent that anything less than full-scale often considerably truncates the choice sets and forces the model to produce biased and inconsistent results due to the combinatory of “normal” behaviour. 

4. Handling uncertainty.

 
Uncertainty in complex simulation models that are estimated from data stem from different sources. Models estimated to be used for predictions include error terms and parameter estimates also subject to variability. Also, the model is not completely known with respect to its structure and the included explanatory variables. Methods to take these types of uncertainty into account have been developed rapidly during the last decades. For the further development of SVESIM it’s planned to explicitly include mechanisms for accessing uncertainty. A promising approach, Bayesian melding, is used in a study by Sevcikova, et al. (2006
). They have successfully used this approach for assessing the uncertainty in an urban simulation models called Urbansim (Waddell, 2002
). Bayesian melding was originally used for deterministic simulation models (Raftery, et al; 1995
) but is in their study extended to stochastic simulation models. Using a Bayesian approach the information on inputs and outputs in the simulation model is combined to derive the posterior distribution. The method gives good estimates of the uncertainty of the model.

5. Platform choices

The original SVERIGE model and its simulation engine Turbo is programmed in C++, while LISA and SVESIM uses C# within the NET platform. SVERIGE is executed via commands in a DOS window. Earlier versions run on UNIX and conversion is still easy by recompiling source code. LISA and SVESIM are developed as plain Windows applications and used interactively via user interfaces. For all models there is a choice of storing population data as text or binary files. All models run on standard Windows PC with at least 1 GB of memory. A version of SVESIM is developed for running on a 64 bit machine with 16 GB ram enabling representation of the entire 9 million population in core memory without compression of objects.  With the entire Swedish population (ca 9 million individuals) as start sample the original SVERIGE model runs for around 60 seconds per simulated year due to customized development of data storage and representation. LISA requires about ten times as much memory per person object and runtime duration per person year is also about ten times larger.

The main constraint on using the models is not technical but administrative. As developed, all models so far requires start populations containing subsets of individual records from the database ASTRID. The conditions for using this data precludes any use for model experiments outside our laboratory.  So far, this has not severely constrained use since potential users are affiliated to the laboratory. For a wider use however other schemes has to be developed. One possibility is to scramble the user database so no single person would be possible to recognize. That would inevitably also deteriorate results. Another possibility is to develop a client-server setup with the server containing individual data and the model located behind a firewall in the laboratory. It’s not easy however to invent unbreakable precautions against clever persons fishing out individual data while concurrently maintaining a reasonably usable and user friendly interface to the simulation model in the client. 

A more radical possibility for further developments is to approach and adopt a common platform for micro simulation. One current effort with that ambition is the simulation model “Urbansim” as implemented in Opus (OPEN PLATFORM FOR URBAN SIMULATION), which is a collaboration project lead by the Urbansim team to set a standard framework for these types of simulation models and to create reusable packages to aid simulation modellers. The next release will be in June 2006 according to plan. It aims at being easily extended by user packages to adjust to specific modelling needs. It is an answer to the bad use of recourses when every research group has to build their simulation models from scratch instead of building upon experiences and code others have developed earlier. A major inspiration source and role model for the Opus project is the R project (Ihaka and Gentleman, 1996
) which is an open source system for the statistical community. 
6. Example application: Benefit level and labour supply

The developed micro simulation models can be utilized for a large set of policy evaluation studies. In this example application, the LISA model version was used for analysing the relationship between labour supply and seven major social security programmes. One hypothesis for the study was that payment levels in the different programmes affect the propensity to participate in the programme and thereby indirectly the propensity to work and so the amount of labour supplied into the economy. Are people on sick leave only because they are sick and therefore can’t work? Are they receiving unemployment benefits only because they are unemployed and can’t get a work? Or is there some space for individual choice? If so, to what extent is it used and influenced by payment level? What are the consequences of a change in payment level for labour supply (and for the performance of the economy)?

On a micro level, income from work is compared to incomes from seven transfer payments: retirement pension (age≤65), early retirement pension, sickness benefit, unemployment benefit, income from labour market measures, parental allowance, and student grants. The individuals’ participation in, and incomes from, each of these income sources are reproduced by equations estimated on the longitudinal micro database ASTRID for the period 1990 to 1999 (Holm et al., 2004). A probit equation provides the probability of participating in the income source, and a linear regression (OLS) generates the amount of income from the same source. The equations are linked by the Heckman two-step estimator that adjusts for possible selection bias (Heckman, 1979).

We use an experiment variable that annually indicates the individual’s perceived alternative income from each of the transfer payments. This is the amount of money the individual would receive if he/she fully was supported from this particular programme. This is estimated by a regression based on similar individuals who were observed to change into this income source.

The needs of the individual and his/her use of social programmes may also be affected by a number of other reasons than simply levels of benefits. This is indicated in the equations by control factors such as sex, age, education level, industry and country of origin. Moreover, characteristics of the region where the individual lives are controlled for, such as occupation-specific unemployment, population density, economic growth, and levels of benefit utilization previous year. The results of the analyses show that the selection into the different social programmes is stronger than the discriminating effects of the mentioned control factors. Therefore we have chosen to integrate the benefit history of the individual in the analysis; in every equation the income from a specific benefit is determined also by the level of work income and levels of benefits from of each of the programmes previous year. It was shown that the single most influential factor explaining incomes from benefits is the income from the same source last year.

Based only on the parameter estimates of the regression models it is difficult to read off the short- and long-term net impacts of changed benefit levels for a particular programme. Three different net effects have been studied: participation in the programme where conditions are changed, participation in other programmes, and work income/labour supply. The problems of interpretation are related to the fact that transfers between different sources of income create unforeseeable dynamic system effects. Therefore every equation is put into work in the spatial micro simulation model, LISA. In the model the individuals live their lives in accordance with the estimated equations, and annually the model creates a consistent population. During the year the individual is exposed to the income equations which assign an individual probability of working and participating in any of the programmes. The equations also provide an estimation of earnings from the programmes. 

The model is supposed to reflect a choice situation not only affected by regional and individual characteristics previous year. Choices are to a large extent exclusive because the individual cannot participate in several programmes at the same time. As a consequence, a variable reflecting a individual budget restriction is needed. This variable facilitate the constraint that the incomes from different programmes do not develop independently of each other from one year to another. The implementation of the budget restriction variable is made by using the summed incomes from all programmes as an additional variable in the work income equation. Unlike most other variables this one is based on estimations and refers to current year (not previous year). The estimated connection between this variable and the goal variable is very strong. One additional unit of benefit income reduces labour income by almost the same amount. From a time budget perspective this seems to be a reasonable result; persons who are enrolled in various programmes and spend time there will lose the corresponding amount of time for work and thereby receive smaller work incomes.

The experimental effect of changing a certain benefit level (everything else equal) appears when making comparisons to a reference scenario of unchanged levels. Both experiment and reference scenarios are generated by the model – they are run separately and deliver two different population developments. One alternative is to run the model in historical time and compare the observed development with a counterfactual model-generated development – the results of having another benefit level. The outcomes can be read year by year for any chosen groups of individuals or regions. Result variables can also be chosen freely; for example, participation in work or programmes and the amount of earning from any of the income sources, or population numbers distributed across age, sex, education, and region are possible outputs of the model.

Results

The results reviles that the perceived level of benefit has a strong positive effect on participation as well as benefits for all but one programme with particularly bad data, sickness benefit. Economic incentives clearly play an important role for explaining the number of participants in, costs for and distribution between the studied programmes.

The indirect effects on work income (labour supply) of the same simulation experiment turns out to be more diverse. In all cases (except sickness benefit) the effect is negative – if the benefit level is reduced work income (labour supply) increases but the strength of the effect differs between the different programmes. However, the income effects should only be interpreted as a potential, because the model has no integrated module for market clearing and no separate labour demand. The model doesn’t know whether increased labour supply can actually be met by increased labour demand. The estimations are based on a dataset in which corresponding individuals one by one during the 1990s got work and income under the same conditions. The problem illustrates a fundamental micro-macro problem of incomplete individual models. What one person does and can do might be entirely different from what’s possible if a lot of persons change behaviour in the same direction concurrently, especially if that creates a different macro situation compared to the one prevailing during estimation time. This is one reason for introducing explicit labour demand in the forthcoming SVESIM model. 

Small changes in retirement pension (for people under 65) and unemployment benefits have major impacts on labour supply. Reduced benefit levels result in considerable transitions to work (again, provided that additional jobs can be created). Downward changes in benefit levels related to labour market measures give a somewhat lower increase in labour supply. Similar results are found for early retirement pension. An even lower effect on labour supply is obtained when altering student grants. Among the seven programmes changes in parental allowances give the most restricted effect on labour supply.

The indirect effects on other programmes (other programmes than the one exposed to changes in benefit levels) are generally weaker than the direct effects on incomes and labour supply. Changed conditions for retirement pension (for people under 65) do not have any impact at all on other benefits. However, altered benefit levels in early retirement pension generate a certain cumulative effect on the use of retirement pension. Analogously, changed conditions for unemployment benefits give an obvious effect on the use of labour market measures.

Regarding the opposite direction of the chain, changed conditions for labour market measures generate even stronger changes in unemployment benefits. Altered preconditions for parental allowance make a slightly small change in unemployment benefits and student grants. Eventually, student grants have an insignificant impact on the number of participants in other programmes, but the per capita costs for sickness benefit and parental allowance go down as student grants increase. 

The general result is that small changes in benefit levels do have substantial effects on participation and on labour supply and that such effects becomes much more obvious and visible by help of a simulation compared to just inspecting parameters in the estimated equations. The full effect of a change doesn’t emerge until after several years due to the cumulative dynamic side effect of different partial causal chains.

To answer the question if, and to what extent an increased labour supply actually results in larger work participation is however beyond the scope of the current model. 
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