D5.2 Enhanced Version of the
SIMULACRA Model
Project acronym:

INSIGHT

Project title:

Innovative Policy Modelling and Governance Tools for Sustainable Post-Crisis
Urban Development

Grant Agreement number:

611307

Funding Scheme:

Collaborative project

Project start date / Duration:

01 Oct 2013 / 36 months

Call Topic:

FP7.ICT.2013-10

Project website:

http://www.insight-fp7.eu/

Deliverable:

D5.4 Enhanced Version of the SIMULACRA Model

Issue

1

Date

31/07/2016

Status

Approved

Dissemination Level:

Consortium

D5.2 Enhanced Version of the SIMULACRA Model
Issue 1

Authoring and Approval
Prepared by
Name & Affiliation

Position

Date

Michael Batty (CASA-UCL))

Professor

17/06/2016

Duccio Piovani (CASA-UCL)

Researcher

17/06/2016

Vassilis Zachariadis (CASA-UCL)

Researcher

17/06/2016

Reviewed by
Name & Affiliation

Position

Harry Timmermans (TU/e)

WP5 Leader

Date
31/07/2016

Approved for submission to the European Commission by
Name & Affiliation

Position

Ricardo Herranz (Nommon)

Scientific/Technical Coordinator

31/07/2016

Iris Galloso (UPM)

Management Coordinator

31/07/2016

© INSIGHT Consortium

Date

Page i

D5.2 Enhanced Version of the SIMULACRA Model
Issue 1

Record of Revisions
Edition

Date

Description/Changes

Issue 1 Draft 1

17/06/2016

Initial version

Issue 1

31/06/2016

Minor editorial corrections

© INSIGHT Consortium

Page ii

D5.2 Enhanced Version of the SIMULACRA Model
Issue 1

Table of Contents
EXECUTIVE SUMMARY .................................................................................................................................. 4
1.

2.

3.

4.

5.

INTRODUCTION TO AGGREGATE LUTI MODELS ..................................................................................... 5
1.1

A Short History and Definitions............................................................................................................. 5

1.2

Origins of SIMULACRA........................................................................................................................... 5

AN OUTLINE OF SIMULACRA ................................................................................................................ 7
2.1

Coupled Sectors .................................................................................................................................... 7

2.2

The Formal Model Structure ................................................................................................................. 8

2.3

The Residential Location Model............................................................................................................ 9

APPLICATIONS TO THE LONDON REGION............................................................................................ 10
3.1

Data and Zoning .................................................................................................................................. 10

3.2

Model Inputs and the London Region................................................................................................. 10

ENHANCING THE RETAIL SECTOR........................................................................................................ 13
4.1

A New Retail Model ............................................................................................................................ 13

4.2

Embedding the Retail Model in SIMULACRA ...................................................................................... 14

EXTENDING SIMULACRA INTO QUANT ............................................................................................... 15
5.1

Moving the Model to the Web from the Desktop .............................................................................. 15

5.2

The Transport Networks ..................................................................................................................... 16

5.3

Demonstrations in the London Region ............................................................................................... 16

6.

CONCLUSIONS AND FUTURE RESEARCH.............................................................................................. 19

7.

REFERENCES ...................................................................................................................................... 20

© INSIGHT Consortium

Page iii

D5.2 Enhanced Version of the SIMULACRA Model
Issue 1

Executive Summary
SIMULACRA is a spatially extensive aggregate land use transportation interaction (LUTI) model built for Greater
London and its outer metropolitan region which comprises some 13 million people and 6 million jobs. The model
is based on coupling together two sectors – employment and population – through the journey to work and
through demands for commercial and other employment. In this sense, the model deals with spatial interactions
between the production and consumption sectors that are essentially articulated as journeys to work and to shop.
We first outline the history of the model and describe its structure. We then illustrate how it has been applied to
London in terms of its calibration at a cross-section in time (2011). We then enhance the model by importing the
new retail location model into SIMULACRA: this is a nested logit model in which agglomeration economies in the
retail sector are explicitly represented, described in deliverable D4.3. We then show how the overall SIMULACRA
model is being extended to a web-based interface to an urban model of England Wales which can be accessed
for any city remotely by any user. This model is called QUANT and we illustrate its data and how it might be used
in testing scenarios, showing examples from the London region but noting that the new comprehensive model
can be applied to any area of England and Wales.
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1. Introduction to Aggregate LUTI Models
1.1

A Short History and Definitions

Urban models have become a label for any kinds of abstraction from the city that are wider than digital
representations and simulations per se but embody some formal attributes that are computable. They now
include symbolic and iconic models with the former having predictive power. Such predictive models form the
class of models that we are developing here in INSIGHT, these models being mathematical in structure, and
relating to data that pertains to the domain being modelled, being tuned or calibrated to reproduce an existing
state of the city at a cross-section in time or over a previous time period. These models were first constructed in
the 1950s-1960s in the United States and were largely focussed on predicting aggregate populations and their
land uses, activities and traffic flows but as they have been developed, more disaggregate or micro models have
been emerged. Generally, at least four types now exist: traditional aggregative models – sometimes called Land
Use Transport Interaction (LUTI) models, microsimulation variants which disaggregate the population to
individuals and often are articulated as agent-based models, systems dynamics models where time is a more
explicit organising concept, and cellular automata models that develop through time cities at the level of their
physical activities such as land uses. Many variants exist which are mergers of these four types and rarely do pure
versions of each exist.
In INSIGHT, we are developing three of these variants. MATSim is a microsimulation agent-based model of traffic
flow and household decision-making, Albatross is another version of an agent-based model focusing on how
household behaviour and location relate to transport, MARS is a systems dynamics model but with links to more
aggregate representations, and SIMULACRA is an aggregate model of the LUTI variety focussed on a rather coarse
aggregation of land uses and populations which are consistently linked through transportation flows between
them. The model we are enhancing in this section – SIMULACRA – is spatially extensive and focussed on dealing
with aggregate changes in the transport network and in the location of employment and population. Our
enhancement as we recount below is focussed on adding a new retail model to its structure and in extending the
model into a web-based forum for its access and implementation. Thus the models that we are comparing and
contrasting in INSIGHT more or less cover the range of modelling types that currently define the field.

1.2

Origins of SIMULACRA

SIMULACRA stands for the SIMulation of Urban Land And Commercial-Residential Activities which define the two
key activity sectors that are simulated and their relationship to the land uses that they require. The model stitches
the two sectors together by simulating flows between locations defining these activities in the tradition that was
first begun by Lowry (1964) and which has been extended in much greater detail in a series of models such as
those developed by Putnam, Echenique, Simmons, de la Barra, Wegener, and Ying amongst others. These models
represent the city at a cross-section in time – which is referred to as the calibration baseline – although there are
some variants that model the increment or decrement in activities between coarse time periods and these are
sometimes referred to as quasi- or pseudo-dynamic. SIMULACRA does not attempt to model these coarse grained
dynamics and thus the model is very definitely in the tradition of comparative static prediction. In short, when
we use this model for prediction, we assume that a new equilibrium is predicted each time changes are made to
the model’s inputs and that this equilibrium needs to be interpreted in terms of the type of scenario that is
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defined. For example, the model can be used to predict a short term change in the number of jobs in a place –
for example the closure of a factory or the addition of a new retail park – and it would thus be assumed that
predictions would mirror what would happen over a matter of months or possibly a couple of years. In contrast
where new jobs were to be located at the scale of a new airport, this would be assumed to work itself out over
many years, while the implementation of such a scenario would be staged over this longer time period.
The London version of SIMULACRA began life as part of a project to model the impact of climate change in the
form of sea level rise in the Thames Gateway. The model was constructed and operated as only one sector – a
residential location model – which was linked to an input-output employment model in loosely-coupled form. It
was developed for a spatial system composed of the 633 electoral wards which are nested into the 33 boroughs
that comprise the Greater London Authority (GLA). This area contains currently just over 8 million persons but it
does not contain the outlying suburbs or the small towns that have grown into the overall metropolitan area.
Thus the SIMULACRA model was built on the expanded area of some 1767 wards that cover the GLA and what is
referred to as the Outer Metropolitan Area (Batty et al., 2013). The population of this expanded area is almost
double the GLA area at 14 million. One of the critical problems in any urban model design is this problem of
closure between the city and its wider environment. This is one of the reasons why we always need to embed our
SIMULACRA model in the wider region of South East England and East Anglia. Pictures of the zoning systems for
the SIMULACRA model as it has evolved are shown below in Figure 1.

Figure 1: Zoning Systems for the Non-Enhanced SIMULACRA model with the Central Map the Current System
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2. An Outline of SIMULACRA
2.1

Coupled Sectors

The urban economy is largely conceived in terms of populations which operate as households and consume
various goods however liberally defined and employment which encapsulates the role of the population in
producing goods that in turn they consume. This very definition reflects a circularity between production and
consumption lying at the basis of many models of the urban economy, particularly LUTI models. In fact, virtually
every attribute of activities and land uses contained within an urban model can be seen through the lens of
consumption and production that we also label demography (population) and economy (employment).
Elaborations of these distinctions through disaggregation tend to reflect different types or sectors – different
sectors of production and different types of consumption – but nothing is intrinsically added when such
disaggregation takes place. Some of the linkages between consumption and production may change but in
general the structural logic of this coupling is the same.
Although this report on the enhancement to SIMULACRA is not meant to be a formal specification of the model,
we will introduce some notational definitions to firm up ideas and the block diagrams shown in Figure 2 indicate
how we can couple these two sectors together. We must make one additional definition and that is between
zones or places where activities – populations and/or employments locate – and where they travel to. These
former are called origins and the latter destinations (although this usage is arbitrary) and we will use the subscript
i to refer to origins and j to refer to destinations. Now the coupling between sectors is in terms of where the
employment travels from places of work or production to where they live and this is measured by trips Tij
between origins i and destinations j . Populations of course consume and usually travel to effect this or to
purchase goods (that they consume elsewhere) and this is the demand for these goods from zones where people
live j to where they consume or purchases goods in i . This defines the flows S ji and the interlocking flow
system reflecting trips and demands completes the circle from production to consumption and back. Our last
definition of employment at i , Ei , and residential population at j , Pj , defines the way interactions or trips
scale to activities.
In an analogous way, we can see this coupling between the economy and demography in terms of money flows
rather than trips which are material flows. Wages wi are earned in origins of production and then spent partly
on travelling to homes and buying housing in destinations j . This process is dictated by the costs of travel which
are related to distances d ij while housing is priced as p j in the destinations. The remaining monies are then
spent on consumption vi back in the origins i (which are commercial and shopping centres) and travel costs
related to distance d ji are incurred again to enable this. During this process, these money flows have an exact
parallel coupling to material flows and we show both of them in the block diagrams in Figures 2a and 2b
respectively.
Note the term (t ) defines the position on the cycle linking economy to demography, production to consumption
and origins to destinations and back again. We will leave this temporal index implicit in that it simply shows that
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in some implementations of this circular coupling, an equilibrium is required. In some versions, the equilibrium
or stopping point will depend on starting values, in others they may be independent of where the process begins.

a

b

Figure 2: Coupling the Economy and Demography
a) left: material activity flows b) right: money flows

2.2

The Formal Model Structure

Our model will be disaggregated in various ways but we can write it as two two-part model equations at the
aggregate level which implies some degree of simultaneity in that economy depends on demography and vice
versa. From a distribution of employment Ei (t ) at iteration t , the model generates work trips Tij (t ) , then
population Pj (t ) from the first gravitational equation

Tij (t )  Ei (t )

L j exp( dij )



 Pj (t )  i Tij (t ) .

L exp( dik )
k k

(1)

Consumer trips S ji (t ) and the activity associated with these demands are then computed from which we can
scale back to the original employment used in production as Ei (t  1) as

S ji (t )  Pj (t )

Fi exp( d ji )

 F exp( d
k

k

jk

)

 Ei (t )   j S ji (t )

.

(2)

Note that L j is the attraction of the zones for residential housing while Fi is the attraction of the commercial
zone for consumption or shopping purchases. In our SIMULACRA models, there are different variants of this
coupling where we break into the cycle with some value of employment that may not be total employment (it
might be service employment, say) and then iterate this scheme to generate different measures of employment
associated with consumption. In essence balance however must be achieved between inputs and outputs

© INSIGHT Consortium

Page 8

D5.2 Enhanced Version of the SIMULACRA Model
Issue 1

2.3

The Residential Location Model

To illustrate how the alternative money flow coupling is embedded within the general model, first an analogous
equation exists for the journey from work to home where wages wi are sent to residential zones in proportion
to trips Tij . We can write this as

Wij (t )  wi (t )

L j exp{ ( wi  cij  p j ) 2 }



L exp{ ( wi  cij  p j ) 2 }
k j

 Y j (t )  i {Wij (t )  cij  p j }

(3)

We note that the attraction of the zone depends both on the land available but also upon the relationship
between what the trip maker has to spend on housing less the transport cost cij of travelling to that place and
the actual price of housing p j . We can also use these quantities to compute the disposable income Y j (t ) after
these costs have been met and this variable is used to drive the spending on consumption which is then modelled
using a second gravitational equation which we define as

Y ji (t )  Y j (t )

Ai exp(  d ji )



k

Ak exp(  d jk )

 Vi (t )   j (Y ji (t )  c ji ) .

(4)

This coupling requires a mechanism that relates the sales or purchases for consumption in i which is Vi (t ) to the
wages that are used to produce the goods required for consumption. The simplest way is to assume some sort of
equality, that is wi (t )  vi (t ) . This is pretty unrealistic in fact because it assumes that where ever you produce a
good for consumption, then it is consumed there and this is where such a model would require an embedding
into an appropriate input-output structure which move goods all over the economy in sectoral as well as spatial
terms. Nevertheless, this is a simple yet appropriate extension of the model and it does mean that the housing
locations are based on realistic considerations of travel cost, wages and house prices. In fact, in the current
SIMULACRA model, we use a mixed formulation which can be written as

Tij (t )  Ei (t )

L j exp{ ( wi  cij  p j ) 2 }



L exp{ ( wi  cij  p j ) 2 }
k j

Y j (t )  i {Tij (t )

Y ji (t )  Y j (t )

wi
 cij  p j }
Ei

Ai exp(  d ji )



A exp(  d jk )
k k

 Pj (t )  i Tij (t ) ,

,

 Vi (t )   j (Y ji (t )  c ji ) .

(5)

(6)

(7)

We assume that monies expended equal wages and then we adjust employment accordingly in the versions
where we iterate the cycle (t ) .
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3. Applications to the London Region
3.1

Data and Zoning

In Figure 1 above we noted how we defined the region basing our current model on 1767 zones which are
electoral wards with an average of 7600 persons per zone. The activity rate is almost 2 (~1.96) meaning that for
every person working, there is another not working. This is a lower rate of dependence than in many large cities
historically and it compares to something in the order of 2.24 in the USA and 2.06 on average in Britain. The
average work trip length is about 88 minutes and shopping trip length about 82 but their values depend very
strongly on the assumptions made with respect to the network measurements. The travel to work area is defined
as the area within which 75% of those who work in the area live in it and 75% of those who live in the area work
in it. The population in this area is closer to that within the GLA boundary and is about 9.3 million.
The data sources for the model are all in the public domain; that is, they are open data with the exception of the
network data which is held by the national mapping agency the Ordnance Survey. The model was originally built
using population and travel to work data from the 2001 Population Census which was updated to 2011 when that
census was released. The network data from public timetables is currently being used to produce networks for
rail and bus using GTFS technologies, Google's “Transit Trip Planner”, and related software for shortest routes
algorithms. Employment data is acquired from the National Office of Manpower Information Systems (NOMIS)
while various other data comes from the Valuation Office Business Data which also holds rental values as specified
in D4.3. The Retail Location Model also draws on this wider portfolio of open data.
The transport flow data is supplemented by the London Travel Demand Survey which is a detailed household
survey but with a very low percentage sample which is available yearly since 2005. In short this has never been a
problem in these types of model application for they do not require time series data – one of the real bugbears
in dynamic urban models – nor do they require individual data and one of the reasons for their popularity is their
modest data requirements. The model currently operational is also disaggregated into two modal networks,
public and private transport. These are operated for both the residential location and commercial location models
and they reflect the competition between these two modes for trips and flows which are determined by the
different modal costs. The model is also semi-constrained to meet certain land densities in the residential sector:
if the model produces extreme densities that could not be accommodated in feasible physical terms, these are
moderated by the imposition of constraints as upper activity limits. Standard mechanisms are used to ensure that
these constraints are met through iteration of the model structure.

3.2

Model Inputs and the London Region

The model has been developed as a standalone pilot for the desktop and we show the inputs and outputs here
but it is also developed as a web-based resource with this version mainly used to test scenarios. The desktop
version is a single window view of model inputs and outputs and the basic screen is shown below where the flow
chart on the top left of the screen represents the sequence of stages through which the user passes in exploring
inputs and generating outputs, commuting trips, distinguishing between recurrent and non-recurrent locations.

© INSIGHT Consortium
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a

b
The central window for Map Graphics enables the
user to display histograms or thematic maps of the
data and to look at differences between the data
as well as counts and densities. There are a variety
of combinations of data and model predictions
that can be displayed in this way.

c

Figure 3: The Desktop Version of SIMULACRA
a) top left: The organisation of the single window b) top right: Explanation of the inputs and outputs
c) bottom: The London region and the model’s goodness of fit
To illustrate the model, we will show six screens from the map graphics in Figure 4. We show the operation of
land use constraints in 4(a), then the histograms of population densities observed (b) and predicted (c), thematic
maps of observed (d) and predicted retail employment counts (e) and then the deviations between them (f).
These maps provide the user with an immediate view of how good the model’s predictions are versus the
observations as well as the structure of the London region. This is markedly polycentric as London has grown
absorbing its outlying towns and villages. A central place system is illustrated by these map histograms.
The model is calibrated in the usual way by solving the maximum likelihood equations associated with the
gravitational models and a unique equilibrium is guaranteed with respect to these model parameters. However,
the way in which the model coupling is iterated and the starting values for the input variables do determine the
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equilibrium with respect to the simultaneity of the inputs and outputs at the observed and modelled crosssectional state. However, this does not make much difference to the predictions of the model for these appear
strongly convergent.

a

b

c

d

e

f

Figure 4: Spatial Inputs and Outputs, Observations and Predictions, Counts and Densities
(see text for explanations)
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4. Enhancing the Retail Sector
4.1

A New Retail Model

The model based on the second gravitational equation (2) noted above is essentially a singly constrained model
in which expenditure on consumption by a population located at zone j, Y j , where we will drop the iteration
index (t ) , is allocated as a money flow from residential zone j to employment/commercial centre zone i . This
model is the conventional shopping model form first introduced in 1962 by Huff but goes back to Reilly in the
1920s. The model has been largely unimproved or extended since then but in this project we have devised a new
model in which the attraction of the retail/commercial centre is articulated explicitly in terms of its agglomeration
economies. In essence, the model introduced in D4.3 is a nested gravitational model where the gravitational pull
of the retail centre with respect to other retailers and the distances between them is embedded or nested in the
more general function of the retail centres in the wider system of central places and the location of population in
their hinterlands.
We will restate the model here and then modify its form to link it to enhanced version of SIMULACRA in which
we have embedded it. The model that we introduced above which simulates trips from the population to zones
where consumption is explicitly organised through actual participation or through purchasing is stated as

S ji (t )  Pj (t )

Fi exp(  d ji )



F exp(  d jk )
k k

 Ei (t )   j S ji (t )

.

[(2)]

The key addition to this model from D4.3 involves modelling the relationship between retailers located at zone i
and all other retailers within a given distance from each retailer in question. At the level of spatial aggregation
assumed here, the average attraction of the zone to consumers given by Fi can be modelled as a function of all
retailers r within the zone and the distance from each of these retailers r to every other r  within the distance
band defined. Then at the disaggregate level, the agglomeration economies associated with retailer r can be
modelled as a potential function

Ar  r  Fr exp( d rr  )

(8)

where Fr is the floor space associated with the retailer at r  ,  is a parameter of the size which reflects the
scale,  is a distance parameter and d rr  is the distance from the retailer r in equation (8) to another retailer

r  in the same agglomeration.
The problem with this new formulation of attractiveness for the aggregate model is that it relies on data at a fine
spatial scale below that at which the model operates and therefore the attraction value has to be summed over
all retailers that are located in zone i . This must be done off-line – that is outside the model – as the model does
not represent individual retailers at locations r . Thus the attraction is set up for each zone as

Ai  ri Ar  ri r  Fr exp( drr  )

© INSIGHT Consortium
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The new retail model can now be written as

S ji (t )  Pj (t )

Ai f (  , d ji )



A f (  , d jk )
k k

,

(10)

where we now define the distance/cost function f (  , d ji ) as exp{ (d ji  1) / } noting that we use the BoxCox transform to add another parameter to the distance function which gives us much greater flexibility in
calibrating the model. It is now clear that the model has four parameters – the agglomeration scaling  , the
nested logit weight on distance  , the friction of distance for the zonal system  , and the Box-Cox transform
parameter  .

4.2

Embedding the Retail Model in SIMULACRA

As we construct this model by simulating shopping trips from home j to work i and from work i to work i , we
effectively have two aggregate trip models, each with two parameters while the nested retailing model with two
parameters applies to each type of trip. In all, there are six parameters to fit for this model but this is a
consequence of introducing this level of detail into the model. In fact, we will elaborate this point about spatial
detail in our conclusion to the enhancement because it is increasingly clear that more than one level of scale or
detail is required for aggregate LUTI style models. Last but not least, when we embed the shopping model into
SIMULACRA, we have to calibrate these size parameters as well as the single deterrence parameter for the
residential location model. Currently we are only doing this for the single road network system and to illustrate
the many options that pertain to the enhanced model, we summarise the different possibilities in Figure 5 below.

Figure 5: Possible Model Versions of Enhanced SIMULACRA
If you proceed from left to right stating with a model on the left, then tracing a line through this tree would
provide you with a particular version of the enhanced or original SIMULACRA model.
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5. Extending SIMULACRA into QUANT
5.1

Moving the Model to the Web from the Desktop

A related project with the Future Cities Catapult (http://futurecities.catapult.org.uk/) involves moving the model
from the desktop to the web. The intent here is to make the model available from remote locations and earlier
versions of SIMULACRA were in fact designed to be run in a web-based context. However, the new project is to
extend the model spatially to ultimately deal with all locations, first in England and Wales, then by including
Scotland, and possibly all Ireland. The model is being developed at a similar spatial scale to SIMULACRA – at the
level of what are now called Middle layer Super Output Areas (MSOAs) of which there are 7201 in England and
Wales. In Figure 6, we show a map of these areas and some key statistics. MSOAs are different from wards but
they are at roughly the same level of spatial resolution with an average of 7800 persons per MSOA in England and
Wales compared to an average of 6969 persons for each ward.
The new model is called QUANT meaning Quantitative Urban ANalytics forecasTing or some variation thereof and
the key notion is that the model is being built for a wide area in the UK at the scale at which sketch planning and
large scale scenarios for land use, transport and activity changes are relevant. The key issue is that if you are a
local authority planner or any informed stakeholder with sufficient expertise in thinking about urban planning
problems, then you could use this model as a tool to test the impacts of scenarios for your own area or any area
of the UK. The model is being developed in situ and it is available in its preliminary state. Ultimately it will contain
all the functionality of SIMULACRA and more but currently the only version on the web which is working is for the
residential location model. The web site is at http://quant.casa.ucl.ac.uk/

Population: 56170900
Employment:
21625060
Number of MSOAs:
7201
Number of Wards:
8060
Mean Population
MSOAs: 7800
Mean Employment
MSOAs: 3003

Figure 6; The Zoning System for the QUANT Model: SIMULACRA Everywhere
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We will not detail the technical construction of the model here but simply provide some its output to indicate the
development so far. It is worth saying however that that there are some major computational challenges in
running this model. The line between what is computed on the server or the client side is blurred. Currently most
computation takes place on the server side because we never have any knowledge about how large the client is.
As we do not split up the national system with respect to any user – each user has access to the entire system as
above in Figure 6 – we need to compute changes when we generate new scenarios on the server side that change
the mapping requirements on the client side. This requires maps to be delivered continually from server to client
and this can be a bottleneck. The number of users too is an issue. As more users pile into running the model for
their own remote location, computational demands on the server can increase exponentially and thus currently
we are setting the number of concurrent users to no more than 4. There are significant issues involved in these
questions that remain open at the present time and will continue to provide limits on what can be done for all
users with respect to their access to tools such as SIMULACRA and the other models in INSIGHT. All need to be
ported to a web-based environment in time and this is the only way they will become widely available.

5.2

The Transport Networks

The road network is built from the Mastermap Ordnance Survey data which is based on street centre lines which
are part of the Integrated Transport Network ITN layer. This is a straightforward product but to this we are
currently translating the route segments into generalised travels costs as will be the case with all our distance
data. SIMULACRA used distances in its earlier more robust versions but there are variants using cost data and
currently the network is being generalised to travel costs. The public transport networks – rail and bus – are based
on timetables data. Timetables of trains and buses and the stations that they are routed through can be used to
construct shortest routes for rail and bus networks. For rail, the algorithm relates walking distances to stations so
that most MSOAs can be connected. Walking to bus stops is more straightforward so as to connect MSOAs to one
another.
Essentially these networks are at a much finer resolution than the MSOAs themselves. The OS data is at the level
of 10s of metres while the MSOAs are measured in square kilometres. All the processing of networks must thus
be done outside the model, off-line so to speak, as the level of detail cannot be represented in the model. This is
a problem because as network data is a crucial input to the model, then it is one of the ways in which the model
can be used to test scenarios. As the whole focus of the model is on developing and testing scenarios online, it
would be desirable to manipulate network data online to change travel times and costs but this is simply not
possible. In time it may be possible to develop summary networks – because the actual network needed is simply
between MSOAs but in making changes to this network, this needs to be done and the much finer scale of
resolution, which is equivalent to changes such as adding new segments to the network or altering attributes of
segments. This is a problem that has rarely if ever been breached in LUTI modelling – it relates to the general
question of interfacing LUTI models with traditional transport models – but it is critical to the problem of building
new scenarios that requires changes to networks. It is an ongoing research issue.

5.3

Demonstrations in the London Region

To illustrate the potential of the QUANT model, we will illustrate some data and outputs for the London region.
These will cover an area much wider than the SIMULACRA model region thus implying that the system is not
closed when it comes to looking at data at the scale of large cities in the UK. Of course the model still does not
© INSIGHT Consortium
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take account of flows in and out of the England and Wales. In Figure 7, we show population (a) flow data for the
journey to work as vectors for England and Wales (b), the flow data the London area (c), the Green Belts in the
South East of England (d), population accessibilities (e) and employment accessibilities (f).

a

b

c

d

e

f

Figure 7; Spatial Distributions, Vector Flows, Land Constraints and Accessibilities from the Data Within QUANT
When we move to model scenarios, QUANT enables us to input new data – employment, constraints on
population or retail development which can be in the form of green belts, land limits and so on, and changes to
the different transport networks. To give an example, we show the impact on population totals and densities in
the London region by adding 100,000 jobs into the Medway area which is a possible site for a new London airport.
These are shown in Figure 8 where (a) show the population of the MSOAs in the Greater London area and where
the location of Medway is highlighted and where the user has added the increment of jobs. The difference
between the original population (before the jobs are added) is shown in Figure 8(b). What this shows is that
population locates around the jobs but that further distances from the site, population decline slightly as this
population is pulled towards the new airport site. This is in effect a new equilibrium where the effects of an
additional change lead to population gains and losses in the region around the impact. Of course population is
not actually lost; the implication is that it simply relocates.
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a
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Figure 8: A Typical Scenario in QUANT: Increasing Jobs in a Thames Estuary Airport Proposal
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6. Conclusions and Future Research
There are many unfinished strands to the SIMULACRA-QUANT modelling effort that have been highlighted during
our discussion of how the SIMULACRA model is being enhanced. The retail model which is the main addition
requires detailed data at the plot level for its operation and the standalone version described in D4.3 requires
that level of detail to be included in the model algorithm for calibration. This is because the parameters governing
agglomeration depend on the configuration of individual retailers. When those parameters have been fitted it is
possible to take an aggregate version and embed this into the comprehensive model but the comprehensive
model needs to be calibrated in concert with the retail model, moving back and forth between the two.
This kind of problem will only be resolved when we move to a two or more level model in spatial terms where
spatially aggregate and disaggregate data of various kinds are included in the inputs driving the overall model.
This is also needed for the transportation networks as we outlined above. To an extent, this depends on
conceptual and theoretical advances that show how networks and spatial distributions at different levels are
consistent and can be derived from one another with simplicity and ease. This is stretching the state of the art.
We are also adding more economic sectors to the SIMULACRA-QUANT framework. We still have two sectors and
we need to disaggregate the employment into several as in input-output models. This complicates the model
enormously. It is not difficult to do although there are data availability issues but the time taken to run such an
enhanced model would increase explosively and the problem needs to be managed in extending the model
further in this direction. Last but not least, we need detailed guidance to the model user in the construction of
scenarios. There are many such scenarios which can be tested in models of this kind now that they are available,
fast and online. The space of scenarios is relevant in this context and we need to provide some sense of how a
user might approach this. Moreover, we need to extend the model to embrace many different indicators that are
relevant to the scenario evaluation and in this, we can draw on the experience of different models being
developed in INSIGHT and related projects.
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