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• A Demonstration of a Generic Land Use 
Transportation Interaction (LUTI) Model 

• Scaling The Models: More Zones, More Detail
• Links to ABM (Agent-Based Models)
• A Quick Demo of QUANT
• Problems with the Models
• Setting and Testing Scenarios
• Big Infrastructure Projects: Crossrail, HS2,  The Third 

London Airport
• Future Urban Models and Use in Planning
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A Demonstration of a Generic Land Use 
Transportation Model 

This is the model we have spent the lectures so far in detailing. One 
of our models is for Greater London and the Outer Metro Area

Demand          Supply
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How They Work
Imagine two sectors – the simplest – population and employment; 
employment drives population and vice versa through spatial 
demand for labour (J-W) & spatial demand for products (J-S) 

ORIGINS DESTINATIONS

Employment

Ei(t) Tij(t)

Economy Demography

Sji(t) Pj(t)
Population

O
RI
G
IN
S

DE
ST
IN
AT

IO
N
S
t = 1

Wages and
Revenues

wi & vi cij

dji pj
House prices



Lectures on Urban Modelling

A Very Important Key Point

The demand for various products in such models is subject to 
capacity constraints. For example a model producing J to W flows
– – is subject to the capacity of the network and also when we 
add up the number of workers getting to any place to live, this 
must be less than the density limit. We need to iterate. This is the 
killer – it has been like this since the beginning of these models
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It is made even worse by the fact that the networks are at a 
different (finer) scale than the aggregated zonal model. When we
change       we need to drill down and look at individual elements

It may be that the one in the red box needs to be increased but 
this segment might be common to other trips and thus it is 
impossible to figure out which ones to increase and in what order. 
We thus risk setting other trips out of equilibrium, and thus no
overall equilibrium can be guaranteed.
In fact if all we do is alter       then we can be more certain that the 
model will converge  but this may take many iterations.
If we have the simpler model where there is only one      , then this 
is more likely to converge but for a very large model it might take 
many iterations 
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Sequence 
of Model
Functions

Activity
Totals 

Map 
Graphics

Parameter 
Values

Goodness of Fit
Statistics: Deviations

& r2

Logo

Graphical Functions

Graph 
Data

Now let us show one of these models where this is the desktop order 
of operations that take place with the inputs and outputs
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Scaling The Models

• We are building a model which is for the UK – currently England 
and Wales – at the same level as our current urban models. 
Absolutely essential to do this because of wider interaction 
effects – the ‘where does London begin and end’ problem

• The model is web based – any user can access it from 
anywhere – and in this sense, it has multiple users.

• It is fast to run – many problems of map delivery from server to 
client and so on but these are being sorted. Biggest issue is with 
transport networks and their updating at a very fine scale

• The model is called QUANT - a not very original title but easy on 
the eye so to speak – it means Quantitative Urban ANalytics 
forecasTing, or some variant thereof 

• It grew out of a version of the model just demoed
• It is designed to let any informed expert develop scenarios
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Let me show you the 
spatial representation 
first – what we call 
middle layer super 
output areas – MSOAs 
– which have around 
7000 persons per unit 
on average

There are some 52 million 
persons in E and W in 
2011; there are some 
27 million jobs; there 
are 7201 MSOAs

Why E and W and not 
Scotland or NI
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We could build this at the finest geographical scale – it would take 
ages to run because our matrices would be of the order 181K2 

and then we would have to move to ABM ~ 150 p p zone
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Links to ABM: Where Are We

• Its looks like as we spatially disaggregate to the kind of data we 
are now getting we can begin to think about ABM – modelling 
every individual – so our equations might look more like this

• We could simply take the maximum probability for each 
individual travelling to 7200 other zones and if each of the 
individuals was in a slightly different place in the zone – which 
we might know from address point data – we would get a 
variation around the aggregate solution.

• If more variables were different and we knew their mode of 
travel etc and income and so on we would have a much richer 
set of probabilities to work with. In QUANT and our previous 
models we do have three modes of travel in fact – rail, road, 
bus
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• In fact this is the way to thinking of the model in individual terms 
and using Monte Carlo simulation we can generate an 
individual from an aggregate model very easily if we had a big 
enough computer which we don’t have yet and cannot justify.

• The model would be pretty simple anyway and it is only ‘just 
about’ agent-based in that the individuals are not influenced 
by the behaviour of other individuals other than through the 
aggregate variables that pertain to other agents 

• However it is when we begin to iterate a large model such as 
the one we have that things get really complicated and we 
need to formulate the way the model allocates activity in an 
agent-based sense.

• So to summarise, the way to building an agent-based version 
which is much richer is clear but the computation is horrendous.
We also have a sense in which the model users are agents and 
this opens up an entirely different Pandora’s box which I wont 
discuss here but it is of great interest. But before all this, let me 
give you a quick run of what the model does.
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A Quick Demo of QUANT

• Here is the web site that you can explore – caveat emptor – it’s 
a prototype, its free, it is an alpha version not even beta

• http://quant.casa.ucl.ac.uk
• Its is based on a simple structure of letting the user explore the 

data, then run the model (and calibrate it although as this 
happens every time it like an initiation of variables), then the
user can look at the model outputs (predictions of the observed 
cross section) and finally set up scenarios – currently changes in 
employment and changes in rail lines – due to our (the UK 
Govts) current obsession with infrastructure projects

• Many issues here that are not reported to do with 
computational and programming considerations

• Visualisation to date is quite primitive.
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Problems with the Models

The problem we have with getting the model to reach an 
equilibrium with respect to the supply of transport through the 
capacity of the network  is that such an equilibrium is continually 
disturbed by the fact that the networks are at much more detailed 
scale
We need to assign trips to the networks and due the fact that they 
compete for network space, we cannot change travel costs in a 
simple way. To an extent this is the problem faced in MATSIMs – the 
ABM/Microsimulation model developed out of TRANSIMs which we 
are running also for London. It take four days to converge as the 
trips keep on disturbing those that have been predicted.
Some versions of these models have simply developed a separate 
transport model alongside and accepted that the urban model 
produces generic interactions not trips. But this is a fudge. Let me 
show the complexity of the networks underlying the model
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If we work out the surplus trips that cannot be loaded onto the 
network which are 

we can then allocate them differently, one at time as though they 
are agents.
We are experimenting with doing this – and so in essence we are 
making use of the aggregate model to allocate demand to meet 
supply and the surplus demand is then allocated using an ABM –
or rather it is allocated for disaggregates – to the individual level 
where the supply constraints are reached incrementally
Yes it is a fudge, No it isn’t an agent based model I hear you say.
But it is on the way and the logical outcome of proceeding in this 
direction is an ABM and probably like in our MATSIM model, would
be based on a sample of employment – a 10% sample would be 
some 2.7 million employees
We think this is currently feasible. Ok let me show you some runs of 
the model and the I will wrap up
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Setting Up and Testing ScenariosSetting Up and Testing Scenarios
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Big Infrastructure Projects: Crossrail, HS2, 
The Third London Airport:

Again I could spend a long time on these applications and all I 
can do here is show what is now possible – it is possible to test 
different alternatives over and over again. And any of us can 
do it – all you need a bit of training in the models – I suppose 
planning education should do this – but that is another story 
and not one for this evening

I will first show Crossrail and the HS2 because the impacts are 
much much wider than many of models can show. This reveals 
how important it is to make our model bigger spatial and to 
capture the widest economic benefits we can identify. And 
lastly I will deal with the Third Runway
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Crossrail
Reading, Heathrow, Shenfield, Abbey Wood



Lectures on Urban Modelling

Crossrail
Number of Improved Journeys (ni)
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Crossrail
Population change (rail mode only)
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Crossrail
Population Change (all modes)
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High Speed Rail



Lectures on Urban Modelling



Lectures on Urban Modelling

HS2 Route Maps
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High Speed 2
Number of improved trips (ni>685)
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High Speed 2
Population change (all modes)
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The Objectives Used by the Davies 
Commission in Assessing the Various 
Options for the Expansion of 
Heathrow and/or Gatwick
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Slough

Windsor

Maidenhead
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We have Tested the Impact of the Fourth Runway on 
E&W in terms of Where the Population from an Extra 
5000 Jobs will Locate
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Future Urban Models and Use in Planning
• We need a new way of thinking about science in 

public policy

• It needs to inform, it must be based on conditional 
prediction – what if scenarios

• It needs to accept the inherent unpredictability of 
complex systems and this suggest continual action 
– this is little different from what has always been 
preached in urban planning – continual review, but 
the cycles need to be faster

• We must be aware that the systems we are dealing 
with moving targets of increasing complexity
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