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1. Introduction

Aggregate data describing the demographic composition and social structure of small
geographic areas is readily available in many countries. For example, the Census of
Population and Households in the UK comprises counts for small geographical areas called
output areas typically comprising around 125 households. Taken as a decennial snapshot,
these data characterize the normal residential population and may be considered as providing
a view of the regular night-time populations of different neighbourhoods. The regular night-
time populations have been widely applied for planning the delivery of services such as
education and health care, and for the strategic planning of land use or transportation.

The description of the night-time population is only half of a complicated story that makes up
the daily movement patterns of the population with most people undertaking a regular
commute to work or study. These regular ‘workday’ travel patterns provide a view into the
dynamics of population movement patterns throughout the day. However, these travel
patterns are further complicated by irregular journeys (such as participation in recreational
activities, journeys to visit healthcare practitioners) and multipurpose journeys (for example
picking a child up from school and calling to collect shopping on the way home from work).
These journey patterns are much harder to capture with traditional datasets although the
increased use of social media data, such as Twitter, does hold some promise to help estimate
these travel behaviours. The representation of the population at any given point in time
throughout a typical working day provides a significantly more useful view of the population
for many purposes. With regard to planning for emergencies, whether natural or man-made in
their origin, the actual likely location and distribution of people at a particular time of day is
significantly more useful than knowing only where those people reside. A similar argument
can be made for services such as healthcare or policing and for retail provision where the
route taken maybe as valuable as the eventual destination.

2. Mapping the population

Work undertaken at the University of Southampton on the Population 24/7 project has
developed a mapping approach that integrates a variety of directory resources to profile
population change at user specified time intervals. For example, pupil roll data collated by
the Department for Education are used to provide reliable counts of children during the school
day. Work and education populations along with hospital patients are constructed in recursive
layers that, when viewed in combination, provide a comprehensive picture of the day-time
population at specified time points throughout the day. The Population 24/7 modelling
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method builds upon work undertaken by Martin (1989, 1996). It uses an adaptive kernel
estimation algorithm to redistribute population counts associated with population-weighted
centroids for small areas and results in conventional residential populations being distributed
more realistically for a specific time of the day. The model represents each member of the
population as being engaged in one of three activity classes; Residential (at home or engaged
in an activity very close to home), Non-residential (currently defined as at work, in hospital or
at school although other activities can be added to the simulation) or Transport (the individual
IS in transit between two activities).

The Population 24/7 model is a significant improvement over traditional residential datasets
for estimating population distributions; however, the approach does have limitations. The
method distributes the aggregate residential population to likely destinations given
assumptions about the catchments of the work or study destination options. Information
relating to the characteristics (other than broad age and economic activity) of the population
travelling from one place to another is not tracked. Subsequently, the demographic and social
structure of the resulting population at the destinations is limited. Likewise, interactions
between individuals likely to drive multi-purpose journeys, such as parents collecting children
from school, are not represented preventing the development of more complex travel patterns.

3. Tracking the population

An alternative method has been prototyped at the University of Leeds. This approach uses a
blend of spatial modelling approaches to first create and move a population at an individual
level (Harland and Birkin, 2013). The approach first creates a synthetic representation of
small area residential populations at the individual-level with a static spatial microsimulation
model using a Simulated Annealing algorithm (Harland, 2013). This process incorporates
both small area statistics and anonymised individual records to generate synthetic individuals
and households in accordance with the known aggregate characteristics of each
neighbourhood. The top half of Figure 1 shows the process of combining small area statistics
and survey records to produce a realistic synthetic population.

In this paper a commercial consumer survey provided by Acxiom was used to supply
anonymised individual level records from which the synthetic population was constructed.
The population generation process was constrained to UK Census of Population and
Household 2001. These small area census statistics were used at the lowest level of
administrative geography available in the UK, the output area, which typically consists of
around 125 households. Population counts for the following demographic characteristics
were used to constrain the synthetic population:

Gender

Age

Ethnicity
Economic activity
Occupation
Marital status



The movement patterns of these individuals — to schools, hospitals, workplaces — are then
simulated in relation to the location of services and facilities using a series of spatial
interaction models. The spatial interaction modelling architecture follows that suggested by
Wilson (1971) in his work to more accurately represent different behaviour in commuting to
work through the disaggregation of spatial interaction models to represent different modes of
travel. The correct spatial interaction model from the series of models is probabilistically
joined to the synthetic population, as shown in Figure 1, to provide the destination for regular
movement patterns for work or school etc. The synthetically generated individuals are finally
incorporated into the Agent-Based Modelling framework, MASON, developed at George
Mason University where behavioural characteristics can be exploited, as has been
demonstrated by Malleson et al. (2013), although currently the tool is used purely for
visualisation purposes.
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Figure 1: Diagrammatic representation of the population tracking approach

Figure 2 shows screen shots for three time slices of the model run for regular car commuters
in the city of Leeds, UK. Each agent in the simulation darkens as the population density for
the output area it is within increases. Each output area is represented as a square and space has
been added between each one to ensure that each area can be clearly observed. Although not
geographically accurate, each output area is correctly scaled so that the relative geographical
area of each output area is correct.

Figure 2 clearly shows the residential population ubiquitously distributed throughout the cities
output areas, a characteristic of UK administrative zones that are designed to contain
relatively consistent population counts. As the population begins to commute the density of
the population begins to increase in particular output areas and decrease in others. Once all of
the commuters have arrived at work a selection of small central output areas are extremely



densely populated while suburban areas are far less populated. This modelling approach may
be thought of as a means for synthetic tracking of individual movement patterns. It enables
detailed (re-)construction of the demographic profiles of geographical areas throughout the
day as demographic attributes for the synthetic individuals can be linked to each on wherever
they move in the simulated environment.
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Figure 2: Screen shots from the visualisation of daily car commuters in Leeds

4. Tracking and mapping combined

The first steps towards the integration of the two modelling approaches to the problem of
estimating day-time population distributions are reported here. This research demonstrates,
for a case study of the city of Leeds, how a more complete picture emerges from the
combination of these two approaches with far greater flexibility and more possibilities for
both future development and areas of application. The tracking of both tangible and
intangible commodities around the city throughout the day is demonstrated, such as the
change in income distribution between the residential night-time population locations and
day-time population locations shown in Figure 3 below.
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Figure 2: Simulated distribution of annual income.

The combined approach introduces the 24/7 populations as a detailed set of constraint vectors
on the underlying interaction models with the time structures providing realistic timings for
the underlying journeys start or end time. Alternatively this may be conceived of as a
filtering process in which the day-time population counters are filled up with appropriate
individuals from the surrounding areas at a particular time of the day. The sensitivity of the
probabilistic elements of the combined modelling approach (the generation of the synthetic
population and the assignment of the destinations derived from the Population 24/7 to the
synthetic individuals) is presented and shows that these elements of the combined model
structure have little impact on output distributions for regular daily commuting patterns.

Through this combined approach it is possible to arrive at a superior end product coupling the
best features of both methods: realistic destination populations and time structures from the
mapping approach and enhanced attribute capture at the destinations alongside the potential
for further behavioural modelling from the tracking approach. Tracking the purpose and
spatial realisation of individual flows facilitates the representation of individual movement
patterns within cities. This opens up a range of further research opportunities in understanding
the transmission of all kinds of tangible and intangible commodities around the city. The
example briefly introduced above shows the change in distribution of income through the day
and is achieved by using a commercial consumer survey for the population synthesis stage of
the modelling process. However, this is only one commercially orientated example of the
potential applications for this modelling approach with other uses such as emergency
evacuation planning and increasing the realism of populations at risk of crime throughout the
day also being discussed.

The results of the case study simulation have been compared not just to census data but also
to patterns in the use of the Twitter social messaging service. Despite the limitations of
Twitter data, such as the skewed age profile of users and the limited number of geographically
encoded tweets, currently less than 3% of all tweets, interesting patterns can be teased from
the data. These patterns can be used, albeit with care, to augment more traditional sources of
information to help deliver a more complete picture of day-time travel patterns. Further work
is still needed in order to provide a robust assessment of model performance, and indeed in
understanding the contribution social media data can make, but early indications are positive.
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