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1. Introduction

This report is to provide the updates on the Dynamic Model progress of MoSeS development. 
Since the Dynamic Model v1.0 released on the NCeSS intranet, the model has been set up to generate 30 years’ simulation on Paul’s test bed in computing school. The initial analysis results will be discussed in the next section. Currently there are a couple of limitations of the Dynamic Model and these will need to be addressed in the next stage of development.

2. Initial analysis results
The location quotient (LQ) is used to assess whether a particular age group is over or under represented within each geographical area at a point in time using the baseline population. We aggregated the single year age population into 5 year age groups, starting with Group 1: 0-5, up to Group 10: 75-84 and then Group 11 consists of all population aged 85 or older.
From the analyses, we found that some wards have shown a reasonable representation of the local population structure. However in some areas, especially areas under great impact of the student migration such as University and Headingley, there are considerable under representation of the young people. This may be due to the subtlety of the local migration patterns etc. and will need further development. 
Results from Mortality, Fertility and Migration modules have also been analysed. Results indicate that the Mortality and Fertility results are more plausible than Migration results – this is understandable as Migration is more complicated and still needs further development. 

There are two important limitations in Dynamic Model v1.0 that may have contributed to the unsatisfactory results:

· Currently the baseline population used in the Dynamic Model hasn’t included the Communal Establishment Population;

· Another limitation is that the migration module has not modelled the migration flows outside Leeds. 

Further analysis and investigation will be carried out to find out where the problem lies. In the following section we will try to discuss some of these factors in order to improve the results in the next stage of work.
3. Discussion
Every process has an impact on the simulation results, however, Mortality, Fertility and Migration are the three most important factors that will affect the population dynamics. 

Since the analyses suggest that the Mortality and Fertility results are more plausible than the Migration. Below we’ll start discussion with the Migration process.

3.1 Migration
The Migration process is much more complicated to model than the others. Several reasons contributed to this problem. In the section below, we will discuss the main dimensions of the issues from four aspects:

· Reasons of Migration

· Spatial framework

· Dependency on other processes

· Knowledge gap

3.1.1 Reasons of Migration 
People migrate because of various reasons. Among them, Housing, Marriage/Seperation, Education, and Employment, including Retirement can be considered as the main forces behind the migration. However, all these reasons vary with the age and other personal statues. This can make the modelling very complicated indeed.

Such complexity will also have significant impact on the computing requirement. The more factors we need to consider for every migrant, the slower the system will be. This may not be serious problem if we are building a small model and there is no demand for high performance for the system. However, this will be definitely an issue when system gets bigger and needs to be run on networks. 

3.1.2 Spatial framework

Much of the migration complexity lies within the very nature of this process. Unlike other process, this process involves multiple spatial areas and therefore demands a design of the spatial framework. The inflow and outflow for individual wards make sense at the local level, but may cancel each other out at the a more aggregated level. The spatial interaction patterns can be very different for different types of migration, too. For example, previous studies reveal that International Immigrants have a distinctive pattern to migrate from major cities towards smaller ones. While the domestic migration and Emigration indicate different patterns.

Modern policy making now requires disaggregate information on the population, quite often at the individual level. In order to capture the local characteristics within the model, the current Dynamic Model tries to use localised data for the modelling. For instance, Leeds alone uses 6666 mortality probabilities that are age, gender and location (ward) specific. This is not a big issue, however, the migration doesn’t stop at the local border. If we are to model the migration in the same fashion, then the implication is that the Origin-Destination matrix will contain about 8000*8000 probabilities. Currently we do not have such resource to process such huge volume of information and we need to find a clever solution to avoid the computing and result trade-off situation.

3.1.3. Dependency on other demographic processes

If we look at the reasons of migration, we can see that there is clearly dependency issue for migration process. For the current Dynamic Model, Marriage is the process that has the most impact on Migration. The two modules are overlapping in terms of computing and there is a danger to double-count the migrants if it is not handled appropriately.

People move because they want to get married and not the other way around. Therefore in the Dynamic Model, we model the Marriage first and deduct such migrants from the total migration before the simulation of Migration process.
3.1.4 Knowledge gap

During the development of the migration module, we have found there is still considerable knowledge gap in the current research on this demographic process. Further study and information is required to understand this process properly.

Of particular importance, there is very limited information on the international migrants: both Immigrants and Emigrants. In comparison with the domestic migration, we can find more information and access the census data.

It is due to all the reasons discussed above that the current Migration module still needs further refinement and development.

3.2 Probability refinement
3.2.1. Localised probabilities:

Currently only Mortality probabilities are localised, others eg: Fertility module is using England&Wales, this may also contribute to the difference in the population dynamics – Generation of localised probabilities for different modules will be required to improve the current model results.
3.2.2 Dynamic simulation

Dynamic Module version 1.0 is using the same set of probabilities for all 30 years. A truly dynamic simulation would require different probabilities each year to produce better representation of the population changes, especially when it comes to longer term projection.
