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ABSTRACT: In a world of changing demographical patterns, tools for keeping track of these changes are of great importance. Different regions are in different stages of the demographic transition and are affected differently of migration patterns. A tool to project the demographic development at a regional level is therefore of great importance. This article we discusses the demographic development in the county Västerbotten in Sweden and in that context why and how a micro simulation model can be used for these purposes.
1. INTRODUCTION 
1.1 Back ground
The demographic development in most of the world is characterised by a decreasing mortality and fertility. In many areas the fertility is close to one child per woman which, not accounting for migration, implies a fast reduction of the younger age groups. This combined with that people on average live longer creates changes in the distribution of age groups with consequences for the economy. Fewer people in work may have to provide for increasing numbers of people outside the workforce. The literature on this subject is huge and is discussed in for example Siebert (2002) and Wise (2001). Sweden has been rather little effected of this process due to relatively high fertility rates (1.77, 2005) and high immigration rates (96 000, 2006). Predictions from statistics Sweden (SCB) show a estimated increases from 9 million people in Sweden 2004 to 10.5 million 2050. (Statistics Sweden, 2006). 
Although Sweden at a national level not severely affected in the near future there can still be problems at the regional level. Different regions are in different stages of the demographic transition and are affected differently of migration. Considering Swedish conditions, the north-west part of the country has an older population and will be affected by the consequences of this process earlier than others. To study such areas can therefore give an indication of what is to come in the other regions later. The incorporation of the spatial dimension is therefore important when doing demographic predictions (Aschan-Leygonie et al., 2000 and Ballas et al., 2005). 
In this article the demographic development in Västerbotten is studied using micro-simulation with special attention to the age distribution. The county is located in northern Sweden and stretches from the sparsely populated areas in west to more populated areas in the east. The focus will be on how and why a micro-simulation model can be used in this context and to provide a simple example where the demographic elements, fertility, mortality and migration are modelled and implemented.  
1.2. Why micro-simulation 
Demographic predictions are often made on an aggregated scale using mainly the composition of the population and assumptions of fertility and mortality. Predictions like these are often readily available; in Sweden for example statistics Sweden (SCB) publish demographic predictions. So why make the extra effort to do micro-simulations? For our purposes here one obvious reason is that it allows us to make the predictions at an arbitrary level of spatial aggregation. This is possible because every individual is located at a 100 times 100 meter square. The demographic development at any regional level can this way be followed. 
Another reason is that the micro-simulation approach allows the inclusion of individual specific socioeconomic variables possible which potentially can improve forecasts, see e.g. Sanderson (1999). To make a concrete example we can consider the fertility of university students in Umeå. Umeå is the biggest city in Västerbotten with approximately 110000 inhabitants of whom over 20000 are students, a majority women. The female students thus constitute a large proportion of the women in fertile ages. It is likely that many of these students will postpone childbearing until some time after their studies and then contribute with their fertility some where else than in Västerbotten. Inclusion of such information is easier in a micro-simulation model and could make predictions, especially at the regional level more realistic and reliable. 
The micro-simulation approach also makes it possible to make simulated experiments with human behaviour where real experiments are not possible. An example of this can is a study by Rephann et al (2005) who studies the local effects on plant shutdown using micro-simulation. Full scale experiments of plat shutdowns are of course impossible to do making simulation the only feasible way.
The possibility in micro-simulation to keep track family history opens the opportunity of studying kinship patterns (van Imhoff and Post, 1998). Such applications focus on how the family structures will evolve considering number of children, age of child bearing and migration patterns given different demographic scenarios. It also allows simulating the ethnic and religious development in regions through the possibility in demographic micro-simulation to keep the link to previous generations and by and assumptions of fertility and migration.  It also makes it possible to include models with family or neighborhood effects in for example fertility and migration when such effects are likely. 
The random components of the model can be included in a more realistic way using micro-simulation, adding these components to for example the risk of dying on the individuals rather on an aggregated level. This could potentially lead to models where the variability is reasonable even if looking at subgroups of the population. Each run of a micro-simulation model gives different results if different seeds are used for the generation of random numbers. If the randomness in the models is implemented in a realistic way the resulting variation rerunning the simulation many times can give an idea of the likely span of outcomes. An estimate of the prediction accuracy is this way obtained. 
2. THE DEMOGRAPHIC DEVELOPMENT IN VÄSTERBOTTEN  
2.1 How
The simulations in this article are based on data which are available annually, making it natural to develop a discrete micro-simulation model that is updated annually. What the model does is outlined in the Figure 1. First the data is fetched and transformations are made before the estimation of prespecified model structures for the main equations mortality, fertility and migration. Estimation on the fly like this comes in handy when testing variables to include in the models. Although the estimation stage is done every time the model is run, it removes the cumbersome process of switching between a statistical program and the simulation program and maybe ad the estimated model by hand. Then the core of the program loops through the years updating the each individual while saving the result for every year on the disk. Finally, still within the simulation program or afterwards in a separate program the output data is analyzed. 
How to implement a micro-simulation model on a computer is a non-trivial task due to the lack of standardized environments that facilitates implementation. This is of course largely due to the fact that applications often have unique characteristics that are difficult to standardize. However, several attempts have been done in this direction e.g. Sauerbier (2002). For simulating the development of urban regions Opus (The UrbanSim Project, 2006) can serve as a unifying environment.  
Programming these capabilities shown in Figure 1 from scratch in a programming language like FORTRAN or C is a big task so the approach here is to use the statistical program R (Ihaka and Gentleman, 1996). In R transformations, estimation, updating equations and analyzing the output can be made at a high programming level making the additional programming needed relatively easy. 
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Figure 1. Outline of the micro-simulation computer program.

2.2 Data

Good data is needed to estimate equations and to serve as base year for the simulations. Sweden has unique data on individual level that can be used for this. For the simulations in this article a database (ASTRID) containing detailed socioeconomic variables for the entire Swedish population as well as all the workplaces, companies and real estates. All data is located in 100 meter squares allowing a high level of spatial disaggregating. The time period covered is 1985-2002 and comes from statistics Sweden. A subset of the data base is used in these simulations with starting year 2002. All estimates are done on the 2002 data.
2.3 Models 
As seen in Figure 1 the models are estimated when running the simulation. Different statistical methods are used for the different variables. To simulate who is going to die, probabilities of deaths has been estimated using a logistic regression. Every year then each individual in the population faces the risk of dieing according to this probability. The explanatory variables for this equation are age, age group (0-5, 6-16, 17-28, 29-43, 44-58, 59-78, 79-) , sex and country of birth in five country groups (1. Sweden; 2. the other Nordic countries; 3. Western Europe + Australia , Canada, Japan, New Zeeland and USA; 4. Eastern Europe and 5. the rest of the world). 

The women between 16 and 44 are every year exposed to the chance of having children. The model used is a multinomial logistic regression allowing 0, 1 or 2 children per woman. The explanatory variables used are age, the square of age and birth country of the mother.  Everyone is allowed the possibility to emigrate to another country. The probability of this is modeled with logistic regression with the explanatory variables age, age group, sex and country of birth. The same explanatory variables are used to model the probability of migration to another municipality within Sweden which is also done with logistic regression. The immigration to the municipalities in Västerbotten is done quite differently. Here, the immigrants to a municipality in 2002 is considered a “pool” where we can draw new immigrants from later years. This causes a rather strict limitation to how these flows where 2002 but it is not obvious how to do this in a better way. The immigrants are draw randomly with replacement from this pool. The number of immigrants to draw is decided by the proportion of number of immigrants to number of residents in the municipality 2002 times the current number of residents. This is to keep realistic levels of immigrants as population changes in the municipalities. 
2.4 Results
Figure 2-5 shows simulation results for the demographic development in Västerbotten. It is important to remember that this is the realisation of just one experiment, new experiments will lead to other results. However, the randomness is introduced on the individuals so results from different simulations tend to be similar. In the first figure the demographic development in the municiplities of Västerbotten is shown according to this simulation. The areas of the pies are proportional to population size and the dark slices represent the population over 55 years of age. The situation for the years 2005, 2020, 2035 and 2050 are shown. In this simulation the total population in Västerbotten decreased slightly. The main decrease is in the municipality Skellefteå which is the second largest pie and located north of Umeå. One of the more surprising effects clearly shown in the figure is that the proportion of people over 55 is rather stabile in the inland regions (Storuman, Sorsele, Dorotea, Vilhelmina, Åsele) but increases very much in Umeå. To understand what is going on we can look at the population pyramid for Västerbotten, Umeå and the inland regions for these years. 
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Figure 2. Simulation results of demographic development for the municipalities in Västerbotten 2005-2050. The areas of the pies are proportional to population size and the dark slices represent the population over 55 years of age.
In Figure 3 the population pyramid for Västerbotten shows a rather well balanced population but with over the years upwards moving center of gravity. The situation is however quite different in different municipalities. Let’s look at Umeå first in Figure 4.
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Figure 3. Population pyramid plot for the county of Västerbotten.
Umeå’s population pyramid is really pyramid shaped from ages 25 and upwards. This can be explained by Umeå’s function and history. It is a university city which could explain the large population between 20 and 30. It has also grown rapidly for many decades due to its role as a regional center which has placed administration, education and health care there. Umeå has a relatively small old population which will lead to an increasing proportion old as people are aging unless the growth driven by young people moving there will continue. This is very unlikely; because larger and larger numbers of young people will be required do compensate the larger and larger amounts of people getting older to keep the proportions. 
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Figure 4. Population pyramid plot for the municipality Umeå.
As a contrast let’s look at the situation in the inland municipalities shown in Figure 5. The situation in 2005 shows a slim waist because of relatively few people between 20 and 30 years of age. This is largely caused bye this age groups moving to other areas. However, there are many people 10-20 years of age, and the behavior of those will be important for the future of the inland region. The region has already a rather old population, and since the mortality is high in older ages the proportion of old is kept down by this effect. This explains why the simulations don’t show an increasing proportion of old in the inland region as opposed to Umeå.
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Figure 5. Population pyramid plot for the inland municipalities.
3. DISKUSSION  
3.1 Demographic micro-simulation in general

With a micro demographic approach it is possible to include individual specific explanatory variables which at least at a regional level can improve forecasts. Keeping track of the individuals motive for being at a particular location at a specific time, e.g. work or studies, can potentially improve forecasts. Micro-simulation models with a large set of variables and sub-models have been developed see e.g. Holm (2002).  However, it also comes with a cost. The models describing for example fertility must be good at the individual level otherwise it can be misleading at the aggregated level also. For example the probability of a woman, 30 years of age and with 2 children already, getting one more baby next year must be approximately correct along with everyone else’s. The complexity rises quickly. Also, including more individual specific variables e.g. occupations, rises the complexity even more and introduces the problem of also predicting the new variables. 
One of the big advantages and also one of the biggest challenges of micro-simulation is the possibility to model migration patterns. Migration, occupation and fertility are linked together in rather complicated ways. Education and job opportunities in other regions make especially certain age groups to move permanently or for periods. A common pattern is e.g. to move form a place without a university to a place with a university to study, don’t have children while studying, then move back or to a third place to get a job and then have children. Implementing this in a micro-simulation model in a good way can improve the predictions. For a university city like Umeå, with a large student population, as well as for less populated areas where many young people leave it is important that the models reflect these patterns. These patterns are hard to implement in an aggregated model. 
The issue of inclusion of randomness on the individual level in micro-simulation rater than on an aggregated level for e.g. fertility has very little effect on over all fertility rates du to the law of large numbers i.e. the aggregated fertility gets evened out as more individuals are added. The effect of the individual random components have a much smaller effect on the over all fertility variability than changes in the population mean fertility rate. However, adding the random component on the individual level opens the possibility for these effects, or changes in the mean of these effects, to be correlated with e.g. region, age marital status and so on. This opens for interesting modeling opportunities that might be useful. To get simulations that in a more realistic way incorporate the uncertainty about future fertility, mortality and migration, random changes that effect larger parts of the population could be incorporated. 
Another area where micro-simulation models have a clear advantage is the ability to keep the connection between the individuals and earlier generations. This allows us to take advantage of that information in the modeling process as well as making it possible to answer research questions where this is essential. 
3.2 The application

In this article a simple micro-simulation model is developed showing that this approach is a way that demographic predictions can be made. Especially when regional predictions are required micro-simulation has an advantage making it possible to model individual behavior and movement. At the regional level the demographic development is to a large extent the result of people migrating. The large young adult population in Umeå and the corresponding small population in that age group in the inland region are largely due to this. Modeling this correctly is difficult but essential for the results. This requires more work than done in the current version of this model. Also the possibility in micro-simulation to use individual specific variables has not been fully taken advantage of in the models. 

In many demographic projections a large amount of the increase of old people comes from lower mortality in the older age groups and how to estimate and implement this in the models in a reasonable way is also a high priority. 

The estimates used for base in these simulations are done on data for 2002. As we have access to data for a longer period we plan to use longer time-series for estimation, making the estimates less sensitive to this specific year as well as allowing estimation of individual effects for some of the variables. 
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