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I. Introduction

This document is produced to reflect the changes agreed in two previous project meetings [1] [2] [3]and attempts to describe features of the new Dynamic Population Simulation (DPS) and some discussion about the next step of the development.
II. Changes since MoSeS Toy Model v 0.3.0
· System Structure
The Toy Model is to be restructured into the Dynamic Population Simulation (DPS). This change is to separate the procedures for dynamic simulation of the population from those for baseline population reconstruction, so that the DPS will be Belinda’s responsibility and the PRM (Population Reconstruction Model) will be Andy’s responsibility.

The reconstruction of the population base is essentially a once-and-for-all process, although it is unclear at the present whether multiple baselines are needed in future. To reflect the separation, the Initialisation package in MoSeS Toy Model 0.3.1 and its previous versions will be taken out from the DPS, i.e.: the initial household member assignment. Some functions in this package still needed for the DPS will have to be reorgnised into other packages, eg. the baseline data loader etc.
· Data
It has been agreed that the DPS is to use the new population baseline data produced by the PRM. The new data is produced on the basis of the HSAR data, but with two extra attributes, namely: household ID (population in communal establishment should bear a special type of code) and type of household member (HRP, Spouse, Child Dependent, Adult Dependent and Elderly Dependent etc.) 
The use of HSAR should remove the need to incorporate any dynamic simulation modules within the PRM code.
· Geographical level
The DPS is to simulate the population at the geographical level of MSOA (Middle Layer Super Output Area), as the new input data will be MSOA based.
· Geographical zone

Leeds has been agreed to be the experiment area for both DPS and PRM, because:

· it is a small sub-region and therefore easier to generate and analyse outputs than for the whole country; 

· it is familiar so it may be easier to evaluate the results and diagnose errors ; and 

· our policy contacts, particularly within the health sector, have an interest in Leeds.

We will move onto other regions in UK when we have obtained reasonable results from Leeds.

III. Summary of the DPS
1 The main features of the DPS

The current DPS will be:

focusing on the dynamic simulation of demographic changes only;

based on Leeds area;

based on individuals records from HHASR with extra attributes;

using dynamic microsimulation approach;
using Mote Carlo simulation;

a system where Household Formation and Dissolution will be observed as a result of the population simulation;

a system where Migration model is a sub-model of the population simulation with four sub-level moudles;

The current DPS does NOT include features such as:

policy applications (this will be the MoSeS Application Model);

agents (next step of the development);

Grid (see discussion section);

2 The main components fo the DPS
The DPS is composed of six modules: Ageing, Mortality, Health Change, Fertility, Marriage and Leaving Home and one sub-model: Migration, which has four further modules: Emigration and Immigration modules to deal with the international migration, while the In-Migration and Out-Migration modules to deal with the movement in UK (Figure 1).
Figure 1. Diagram of the Main Components of the DPS







Given the demographic processes we are modelling, we are to use a hybrid modelling approach for the DPS. The modules of Ageing, Mortality and Health Change will be using the Microsimulation, while the rest will be using Agent/hybrid modelling techniques.

Household Formation and Dissolution processes will not be developed into a separate model but instead such processes will be observed as a result of the population simulation.

3 The DPS modules
This section provides a brief description of the deomographic processes modelled in the DPS.
3.1 Ageing

The ageing process is straightforward. The age of individuals increases by the length of the time period modelled is calculated as the following:
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 is the length of the time period. Currently we assume that the time period is one year.

3.2 Mortality

We assume that the mortality process is a function of age (5 years band) and gender. An individual dies if
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where Ran is a random number, 
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, gender g dying.
3.3 Health Change


The Health change process actually include two processes: Change in General Health Statues and movement of older and frail people from households into fomal care. These establishments include care homes, nursing homes etc. Again age and gender were found to have important impact on Health changes. Therefore, 
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where Ran is a random number, 
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 is the age of the individual i and 
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, gender g to have change in general health statues.


[image: image14.wmf])

,

(

)

,

(

(

g

a

P

g

a

i

Ran

FC

i

i

£


where Ran is a random number, 
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, gender g to move to formal care.

3.4 Fertility
Monte Carlo sampling against the fertility probabilities is used to determine which females give birth. To determine whether a woman gives birth during the current time period, using Monte Carlo simulation, as a function of the age of the mother.  
A woman gives birth if:
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where 
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 is the random number; 
[image: image21.wmf]i

a

 is the age of a woman 
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 is the marriage statues of the woman 
[image: image24.wmf]i

; and 
[image: image25.wmf])

,

(

m

a

P

B

 is the probability of a woman of age 
[image: image26.wmf]a

, and marriage statues m giving birth. 
Then Monte Carlo simulation is used (with a constant probability) to see if twins are born (the triplets or more is currently ignored).  
Twins are born if
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 is the probability of having a birth of twins (we  should  find  and  use the real ratio). The gender of the child is determined by Monte Carlo simulation with fixed probabilities for the ratio of males to females. The new individual’s attributes are set as follows: age is zero, sex   is  determined  probabilistically  (we  should  find  and  use the real ratio), couple status is single, and location is that of the mother etc. In the next simulation period, the new individual is simulated along with the other individuals in the household
3.5 Marriage/Cohabiting
We applied a Monte Carlo simulation to this process as a function of age, gender and marital statues. The model does not account for the same sex couples. 
The individual searches the population of potential partners to find a partner within an appropriate age range, which is defined using data from the Census. The search process doesn’t have a spatial restraint so that people can move for marriage. If no suitable partner can be found, the individual searching stays in the same couple status as previously.
An individual gets married if:
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 , gender g and  marital status m will get married (If no suitable partner can be found, the individual searching stays in the same couple status as previously.).
Or cohabiting if:
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 , gender g and  marital status m will cohabit (If no suitable partner can be found, the individual searching stays in the same couple status as previously.)
The current model does not model the separation/divorce process.

IV. Discussion
This section discusses some development details that need further clarification/consideraion.
4.1 Leaving Home module

There are two options for modellig the process of Leaving Home: one is to be based on the age and family statues of the individual and an individual leave home when: 
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 and  family statues f  will leave the home. However, this probability is based on family referenced person and includes those who are in a married couple family, cohabiting couple family and lone-parent family, therefore it may not include those who are living together but not as couples (student houses etc.) or those who forms a single person household (young peofessionals etc.). This probability covers all people aged or over 16, though.
The other option is to use the probability of adults living with parents and assume that all other adults have left home. Therefore this process will be a function of age and gender:
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 and  family statues  g  will leave the home. However, the definition of the family is not clear here and it may include those who are cohabiting but not as couples. However, there is no information on those who are aged under 20.
4.2 Migration sub-model

This process is much more complicated than the others and we need to discuss how to model this in more details. Here I list some of the points for discussion:
4.2.1 From which angle do we want to approach this model? 
Eg. from the angle of the forces of the movement: 
“Housing stress/appeal” vs “forced/attracted movement” (because of the need for job, education, marriage or health reasons) 
Housing stress/appeal is relatively straightforward: need to know housing stock in the area, possibly type of housing (no of bedrooms)?
The forced/attracted movement is more complicated: what indicators do we use? and how to obtain such probabilities?
4.2.2 Spatial element
· All migration data and probability found currently are pretty much aggregated: either at national level (international migration) or regional (internal migration).

· Do we assume that international immigrates all move from major cities to the rest of UK? How about the emigrates? Data (available data doesn’t differentiate the areas)?
4.2.3 More details in the modules

Emigration and Immigration
· There is no information on whether the population move with family or not.

· How do we create the records of those immigrates from outside the system (currently colone random records from the current population)?
In-Migration and Out-Migration 

· Migration in and out of region (How do we break down to middle layer SOA? The inflow and outflow for individual MSOA may be canceled out at the regional level). 

· This data provides information whether one moves with a family or not. 

4.3 Other
Some of the questions need to be discussed to make it “properly developed”. (These are just some thoughts at the moment and may sounds confusing, but we can sort that out in the meeting!)
4.3.1 Model names

This model is currently called the Dynamic Population Simulation (DPS), is that the same as “Natural Increase Model” in Mark’s project plan [3]?

“Household Formation and Dissolution Model”: Currently there is no separate models for these two processes and they can can only be observed as results of the dynamic population simulation – difficult to separate them from other processes as several processes have important impact on these two processes.

“Migration Model”: Currently it is a sub-model of the DPS, do  we need a separated model?
4.3.2 Grid：

Service-oriented and multi-user simutaneously:
The current system is more appropriate for single user – updating the original data in the database. For service-oreinted and multi-user architecture, what kind of design of the DPS is preferred in order to be compatible for the Grid?
Need further clarification on Service: Does a stable structure of the model still allow me add/change/delete classes later in the course of the development?
4.3.3 Database 
Is it better to use a DB on Grid or not? If not, do we copy the orignal data to the memory or file? And how do we keep the simulation results/history/relationships between people for different users of our system who may use different scenarios/parameters etc? Do we hold the informaiton in memory (volume of data vs. memory) or output files? If output files, to where?
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