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A Demonstration of a Generic Land Use
Transportation Model

Let me explain what the model is — LUTI — generic land use
transportation — | talked about this type of model 31 years ago
when | came here
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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)
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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
- T, —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

T, = E;p; ~ E;A; exp( —f¢c;)

- .. T.
If T, >C; then c; Isincreased, as ¢; =; L

i
P, = ZTij = Z E. p;

P.
if P, >Z, then A, is decreased, as A, = A, Z—’
j

J
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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 C;; we need to drill down and look at individual elements

Cj = Gy, +|C

i + Ciyig T e +C

Jj1j2 nj

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 C;; 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 Cij, then this
Is more likely to converge but for a very large model it might take
many iterations




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

Sequence
of Model
Functions

Activity
Totals

Map
Graphics

Parameter
Values

Goodness of Fit
Statistics: Deviations
& 12

Graphical Functions

Graph
Data

Logo




| ARCADIA: A Fast, Apgrepate, Visually Efficient Three Sector Land Use Transportation Model
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Total Population
Total Emploprment
Fietail Employment
Internal Employment
Exog Emploprment
Activity Rate
FPop-Retail Rate
Mumber of Zones
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E rployrient |

Google 255y
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Parameterization

Reszidential Location

Trip Lenagth 19 Parameter Yalue 0739
Retail Location

Trip Length 11 Parameter Yalue 1364
Employment Location
Land-Accezs: B0 Parameter Weigh b

Calibration: Goodness of Fit

Residential Location

%Pop Diff 30 Mean 20 A2 84 R2Trip 34

Retail Location

%Ret-Emp Diff 103 Mean 13 A2 87 R2Retal 17
Employment Location

Zlnt-Emp Diff 138 R2 83

Calibration: Graphical Fit

Deviations Histograms ‘ Thematic Maps
Count Data
Denzity Data
Observations
Predictions
arcc |EPSRC|| “geginconties
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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 modelis web based - any user can access it from
anywhere — and in this sense, it has multiple users.

e |tis 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

e The modelis 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

= [t grew out of a version of the model just demoed

e [tis designed to let any informed expert develop scenarios




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 Eand 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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(a) MSOA (A=7201) (b) LSOA (A=34753) (c) OA (A=181408)

ONS Geographies for MSOA, LSOA and OA levels.

We could build this at the finest geographical scale — it would take
ages to run because our matrices would be of the order 181K?
and then we would have to move to ABM ~ 150 p p zone
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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

e http://quant.casa.ucl.ac.uk @

quant.casa.ud
ac.uk

e |tis 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




Road, v=3.5M, e=8.4M
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If we work out the surplus trips that cannot be loaded onto the
network which are

Sij — (Tij - Cij)
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 itis a fudge, No it isn’t an agent based model | 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 milion employees

We think this is currently feasible. Ok let me show you some runs of
the model and the | will wrap up




Setting Up and Testing Scenarios
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Big Infrastructure Projects: Crossrail, HS2,
The Third London Airport:

Again | could spend a long time on these applications and all |
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 - | suppose
planning education should do this — but that is another story
and not one for this evening

| 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 | will deal with the Third Runway




Crossrall

Reading, Heathrow, Shenfield, Abbey Wood

=7= RouteMap

- Showing rail and air connections

e sl ettty e el

Lectures on Urban Modelling




Crossrall

Number of Improved Journeys (n,)
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: ImprovedCount_2 |
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Crossrall

Population change (rail mode only)
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MS0A_2011_FW_BGC
-16.5625 - 4.7290
4.7290 - 18.7475
18,7475 - 41.7600
41,7600 - 69,7959
69,7969 - 111.0479
111.0479 - 177.8167
177.8167 - 256.4170
256.4170 - 452.9734
4529734 - 678.3828
678,382 - 1431.6240




Crossrall

Population Change (all modes)

~
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MSOA_2011_EW_BGC
87 - 50
60 - -40




High Speed Rall

High Speed 2 (planned 2025)
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HS2 Route Maps
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High Speed 2

Number of improved trips (n>685)

ImprovedCount_hs2
0.00000 - 585.00000
585.00000 - 1962.00000
1962.00000 - 3508.00000
3508.00000 - 5091.00000
5091.00000 - 6757.00000
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High Speed 2

Population change (all modes)
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276 Evaluation in the Planning Process
CHAPTER 11

A Major Project: Third London Airport
(June 1968-December 1970)

The deliberations of the Reskill Commission on the Third London Airport were
distinguished by the very clear and logical process by which recommendations were
arrived at. The Commission adopted five cyveles, from the definition of a “universe" of
possibilities to a short-list of four sites, and then directly to a recommended
alternative. One particulary important feature was that the evaluation criteria were
determined at the outset af the process and were then used consistently throughout.

1L1. BACKGROUND

The eventual recommendation by the Roskill Commission of Cublington as the
site for the Third London Airport in preference to Foulness led to considerable
controversy. Thiz controversy, coupled with the fact that the Government eventu-
ally decided in favour of Foulness against the Commission's recommendation, has
obscured many interesting and original features of the process by which the
Commission reached its recommendation. In this chapter we discuss some of the
main features of this process. It does not cover the ground of the many critiques of
the Commission's work which have mainly concentrated on the treatment of
measured items in the Commission’s Research Team's evaluation; intangibles in the
decision; important issues affected by the decision but outside the Study terms of
reference, and on the validity of the Commission's conclusion. In this chapter any
reference to these topics is restricted to those cases iflustrating a feature of the site
selection process itself,

One might say that the setting up of the Commission was a result of public outery
over an inadequate process of site selection. The arguments against the decision Lo — Chutee lomsit gt Saaech Ao
locate the airport at Stansted were largely motivated, and strongly supported, by the ——— Armarlort ok Spach Aren
fact that the Stansted decision was not shown to be in the general public interest. kg o s

There was no formal evidence to suggest that the allernative possible sites to .:. :::':":‘"m

WA W E® ® R W e

Stansted which were considered had been rigorously investigated, with all factors Gl Moo Mt Lint

for and against them, in comparison with Stansted, tuken into account in the Pt Gnat Lint

decizsion, Much of the work behind the selection of Stansted was undertaken in . ) ) )

; Fra. 111, Lecation of sites. (Source: Commission on the Third Lendon Airport, Report,
- appendix 5, fig- 2, . 184,
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The Objectives Used by the Davies

Tha Comrmission's Apprassal and Consultation Procass

Commission in Assessing the Various b .1: e Commissions Aopraisal Framework objectives

Options for the Expansion of
Heathrow and/or Gatwick

Sift criteria
categories

Strategic Fit

Economy

Appraisal objective

To provicke addiional capacity that facilitates connectivity in Bne with
the assessment of need.

Tommmexmcrnassmaammm uma{aﬂamn
To maximisa the benalits of competition to aviation users and tha

TD rna:umm bmnﬂs in ling with relevant long-term strategies for
emmrmc and i spatial development.

Ta IMEiTESe ammmlc benafits and support the competitvenass of
the UK economy.

To promote employment and economic growth in the local area and .
surrounding region,

To produce positive outcomes for local communities and the local
econamy from any surface access thal may ba required 1o suppor
thepoposal.

Sift criteria Appraisal objective

categories

Caost To make efficient use of public funds, where they are required, and
ansure that the benefits of schames clearly outweigh the costs, taking
account of social, emvironmental and economic costs and benafits.

Delivary To be affordable and financaable, including any public expenditura
that may be required and taking account of the needs of arport users.
To have the equivalent overall capacity of one new runway operational
by 2030,
To aciively engage local groups in scheme progression, design and
management,

Cperational To enhance individual arport and ainports system resilience,

Viability

Surface Access

To maximise the number of passengers and workforce acoessing the
airport via sustainabla modes of transgxart,

To accommadate the needs of other users of transpon networks,
| such as commuters, intercily Iravellers and freight.

Tnmﬂaamsmmalmﬂlmawmummmﬁm.

Emdronment

To minimise and where possible reduce nosse impacts,

To mmprove air quality consistent with EL standards and local planning
policy requirements.

To protect and maintain natural habitats and biodiversity,

To minimise carbon emissions in airport construction and operation,

To protect the quality of surlace and ground waters, use water
resources efficiently and minimisa flood risk.

To minimise impacts on existing landscape character and heritage
assals.

Tn kjmlm.r and mltrgsﬂa ary othar agnll’::@l qrmmnrmnta} impacts.
Tn miaintan and whem pnss«hla Improve the quality of e for local

Tn managa md radma the eflects of housing koss on local
communities.

To reduce or avoid dispmpor_tig_n.um impacts cn any sociﬂg_r_p_m.
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Urban Modelling
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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

e |t needs to inform, it must be based on conditional
prediction — what if scenarios

e |t needs to accept the inherent unpredictabillity 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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University College London

That’s It, Thanks

Michael Batty

m.batty@ucl.ac.uk
<& @jmichaelbatty

http.//www.spatialcomplexity.info/
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