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Preliminary Ideas
a. LUTI Models: A Little Bit of History, Early Graphics

Early models: CATS 1955: The 1960s Models: large scale,
aggregate data, policy led, suffered from all the problems of
science in public policy that we now know

Largeness, remoteness from users, crude representation, limits
on computation, poor links to policy

Lack of understanding of model outcomes

Statics versus dynamics — semi-dynamic models but most
operational models predicated in terms of equilibrium and as
we have seen, the most developed are structured in terms of
a dynamic equilibrium

Disaggregation of sectoral activities
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Early attempts at Visualisation: Traffic Flows in CATS, and
Schmidt’s model of the growth of East Lansing 1967

Harvard Lab: SYMAP — Symbol Mapping Systems, 1967-1970

Early cathode ray displays, 1960

Apart from some SYMAP applications, my own attempts began in
the early 1980s with the Melbourne Model
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| worked on these models in the 1970s and published a book on
them called Urban Modelling — you can get it online and if you
go to my blog www.complexcity.info you can download it Our

first foray into these large scale models and their visualisation
was for Melbourne in 1982 and then development of a
WATFor77 version in 1986. The Melbourne Version is
primitive and not very nice to look at because we attached a
video to the raster display device
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Figure 6. Progress in calibrating the model using dichotomous search.

From a VAX Terminal — A Raster 1982 From a Sun Workstation — Simple Windows - 1991

At the risk of the talk getting longer, | will show the 1986 demo —
as some of you may not have been alive in 1986. It still runs

under DOS on this laptop
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b. Gravitation and Social Physics

Let me begin to tell you how these models are built with a
basic model of interaction- that was first articulated by
Newton as his second law of motion — force is proportional
to mass times acceleration

In more conventional terms relevant to this treatment, we

might write the force between two bodies as

. |\/|i|\/|j G|\/|i|\/|j
12 2 2

There is a very long history of analogies between force and

social interaction going back to Newton himself. There are

many references in the books listed at the end of this talk
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Let me immediately generalise this and say that we need to
define many interactions — we break our system in to areas
or points which we define as origins and destinations i and |

And then we measure the distance as in von Thunen not as
distance per se but as travel cost or rather generalised cost
C;

We also define the mass at the origins and destinations as O,
and D, and we then write the conventional spatial
interaction of gravity model as

L R RLY

] 2 A

where K is now the ‘gravitational’ constant and A a parameter
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This is the model that has been used for years but in the late
1960s and 1970s various researchers cast it in a wider
framework — deriving the model by setting up a series of
constraints on its form which showed how it might be
solved and produced various generating mechanisms that
could generate consistent models

The constraints logic led to consistent accounting

The generative logic lead to analogies between utility and

entropy maximising and opened a door that has not been
much exploited to date between entropy, energy, urban
forms physical morphology and economic structure

In particular the economic logic rather than the energy entropy

logic was called choice theory, specifically discrete choice
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Now to introduce all this, we need to define some more terms

We will refer to the size of volume of origins and destinations
not as population P but as O;and D; assuming they are
different from one another. We will also assume that the
inverse square law on distance or travel cost does not apply
and that whenever c;appears it will be parameterised with
a value that varies which we call A. Vito used a model like
this in his first talk to take account of the weight on a link.

We will assume trips are as we have defined them as T but we
can also normalise trips by their total volume T to produce

probabilities
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_ Tij _ Tij Note that we use
pij - - summation extensively
T 2T,
ij

in what follows

We must move quite quickly now so let me introduce the basic
constraints on spatial interaction and then state various
models

The constraints are usually specified as origin constraints and

destination constraints as

O, =>T,
j
D; = ZTij

And we can take our basic gravity model and make it subject to

either or both of these constraints or not at all
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So what we get are four possible models

Unconstrained
T; =KO,D;c;”
Singly (Origin) Constrained so that the volume of trips at the

origins is conserved
)

Singly (Destination) Constrained so that the volume of trips at the

destinations is conserved
-1
Tij = BJ.Oichij
Doubly Constrained trip volumes at origin-destinations conserved
T, =AB,0 chi}’“

The first three are location models, the last is a traffic model
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Ok, so what are these parameters that enable the constraints
to me met — well they can be very easily produced by
summing each model over the relevant subscripts — ie
origins or destinations and then substituting & rearranging

| will do this but | will leave you to work through the algebra if
you want to but it isn’t necessary as | just want to impress
the main ideas. Here are the factors which are sometimes

called balancing factors

Unconstrained K= T/ ZZOi D;c;”

Origin Constrained y >.D, D G

Destination Constrained 20.0

Doubly Constrained A = 1/ Z B,Djc;" B, = ]/Z AOc;*
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Let me illustrate in two ways how we can build comprehensive
models using this framework

If we say that residential location depends on not only travel
cost but also on money available for housing we argue as
before that

e The model is singly constrained — we know where people
work and we want to find out where they live — so origins
are workplaces and destinations are housing areas

e The model then lets us predict people in housing

e We argue that people will trade-off money for housing
against transport cost

And we then set up the model as follows

Centre for Advanced Spatial Analysis




Using the trip activity-volume form, we get
ZTU’ =0,
j
ZZTUC” =C
i
2, 2. TyR; =R
i ]

leads to
T; = AO; exp(IR;) exp(-Ac;)

Note that we now add a constraint on money available for
housing (like rent) R;. We can of course find out from this
location model how many people live in destination housing
zones, so again it is a distribution as well as a location model




We can extend this model in lots of ways and we will show
some of these later. We also can think about disaggregating
the model into different transport modes — let us call each
mode k and then set up the model so that we can predict Tijk
as follows

The model is singly (origin) constrained because we want to
predicts how many people travel from work to home. Given
we know how many people work at origins, and we want to
predict what mode of transport k they travel on. Then

ZZTUK =0,

j

ZZ;WH:F
i
ZZTUKCE =C"

J
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And the model can be specified as

-0 F, exp(-A‘c;) F, exp(-A‘c;)

! ZZF exp(-A*c; ) YF Yexp( A‘ci)

]

Note that the mode split is a ratio of the competitive effects of
each travel cost, that is

Ty exp(-A'c;)

Tﬁ exp(—}fc )

J

In short the model is not only distributing trips so that locations
compete but also that modes compete BUT modes do not
compete per se with locations

Now let us see how we can build this model for real
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The Tyndall Model: Integrated Assessment of Climate
Change in the London Region

Our first model is a residential location model based on four
modes but it is part of a much bigger project involving
stringing different models together to look at integrated
assessment of sea level rise and its impact on population in
the London region. The reason why | have stressed
visualisation as a key theme today is that one of our guiding
principles in this modelling was to communicate the models
as easily and as effectively as possible to our stakeholders

These were largely policy analysts and had some expertise in
climate change problems and some knowledge of models of
various kinds but not any one particular model

We also needed to communicate these ideas to other modellers,
such as the flood modellers, the input-output, people etc.
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The Model Interface

u London and the Thames Gateway Land Use Transportation Model

s ":- ™ Cities Research Programme

for Climate Change Research

This program is a rudimentary land-use transportation model
built along classical lines which allocates population and
ernployment to small zones of the urban system. 1T Uses
spatial interaction principles which bind the population sector
{residential or housing) to employrnent sector (wark or
industrial and commercial) through the journey to work (waork
trips) and the dermand from services (which loosely translate
into trips made to the retall and commercial sector).

The model is being built for Greater London and the Thames
Gateway at ward level - 633 in all - so that it can be usedin a
wider process of integrated assessment focussed on
assessing the impact of climate change on small areas in this
metropalitan redion. In paricular rises in sea level and
pollution are key issues. and as such the model sits between
aggregate assessments of environmental changes
associated with global and regional clinate change models
and environmental input autput models, and much more
disaggregate models related to the detailed hydrological
irmnplication of long termn climate change.

The programme enables the user to read in the data and
explore it spatially. to calibrate the parameters of the model
and explare its outputs spatially and to engage in various
predictions ranging fram the typical business as usual
scenarios' to much maore radical changes posed limits on
spatial behaviour which either result from clirmate change and.
ar mandated by government. The predictions and scenarios
are intended to go aut to 2100 and thus the model is largely
designed as a sketch planning toal.

These various stages of the model contained in a master toal
far which is activated when the GO button is pressed on this
screen. The master toal bar enables the Users 1o proceed
through the various stages indicated and o display outputs in
map and statistical form at any stage.

with GLAECONOMICS |
LONDON | ¢ i)
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Accessibility from the LUTM model

Many different accessibility
measures, 8 in all

Accessibility measures are computed with respect to the origin zone i
which in thiz case 1z where the employment & iz located, or the destination

zone j which in this case 15 where the population PJ, is located. 4 13 the
area and hence { &/ 4] and (PJ,-J‘AJ-) are densities. Gy iz the travel cost

from origin zone i to destination zene §. O is the mean travel cost with all

these cost specific to each of the four modes. We show all thesze accessibility
measures for the origin 7 zone

= 4
v, = ZJ_ ot V= ZJ_ (Bt A, deg
Benefit Denzity
Absolute Benefit Eenefit Densi

V=205 explocy IC) V=20 (5 ) Ap)esp(—ey 1 C)

These benefits are proportional to the log sum benefits which are the log of these

{Tnverse) (Inwverse)
Absolute Travel Clost “Weishted Absolute Travel Cost
-1 -1
H:(ZJC;}) V:':(Ejf}'fy)
{Tnverse) Weighted Population
Abgolute Travel Cost Density within Mean Travel Cost

P ZJ. (P 1 AgJey B ZJ. Py forallcy =C
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Prediction Routines

Long Term Scenarios Based on the Impact of Changes in Employment, Residential Floorspace, and Transport Costs

Fredictions with the model involse forecasting the location of small area
populations and the trip patterns associated with the four modes usedto

distribute employment as population to these small (residential) areas. This

imvolves changing the inputvariables - employment and residential floorspace
by small area, and the trawvel costs associated with each mode of transport,
which in turn imply changes to the transport infrastructure. The user also has

control owver the parameter values on the friction of Trawel Cost or trawve| cost

associated with each mode. This can be changed in value to reflect changes in
the awverage Trawvel Cost or costtravelled on each mode.

lsers hawve a choice of inputting & preset scenario inwhich all these variables
are changed exogenously or a process of changing these vanakbles
interactively, on screen. The interactive process can involse many thousands
of changes and is probahbly best used to input data which reflects 'whatif'
scenarnios which require a small number of rather simple changes in the inputs
reflecting substantial or radical change.

By clicking the 'Scenario from File' button in the toolbar to the |eft, & preset
scenario is loaded and the user is then taken to the pointwhere the mode| must
be run. Alternatively if the user clicks the Employment Changes button, the user
activates a screen where each employment zone can be identified by painting
the mouse atitand clicking, Then the user can use a slider bar to increase the
value of employment in that zone by up to 100 percent or decrease it by up to
100 percent. As many zones as required can be changed using this method.
When the useris satisfied with the employrment scenario which has been
developed, a button accepting these changes can be clicked. The same can
then be done for floorspace activated by clicking the relessant button fram the
toolbar ta the left.

Finally the travel cost on any link by any mode from one zone to another can be
changed using the same method. An otigin and then a destination zone need to
be clicked and then reduced orincreased trawvel cost (by up to 100 percent)
made using the slider bar. The user must choose the mode each time and the
program then recamputes all the shordest routes implied by these changes
once the changes are accepted,

The userthen proceeds to run the model as for the 'Scenario from File!
option and once this iz done, the outputs can be visualised using the
same system for exploring the data and calibration results.

Key Elements of the

London Plan to 2025 Shown Below.
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B3 Predict L ] 4. Prediction Routines e
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Testing the impact of Cross Rail-1




MASTER TOOL BAR: The London and Thames Gateway Land Use Transportation Model
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desktop
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For a very old movie of all this go to our old web site
http://www.casa.ucl.ac.uk/transportmodel/transportmodel.asp
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=== Tyndall'Centre

We need to re-track a bit now and for our full model we
need to say something more about these kinds of spatial
interaction models and how they can be extended
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SIMULACRA: ARCADIA and SCALE Projects

SIMULACRA' is a generic set of models that we are building for a
series of projects, first the ARCADIA project that is an
extension of Tyndall, and then for another EPSRC Project
called SCALE which deals with energy change in large cities

We are very keen on building a model framework in which we
can develop many different variants, easily and quickly.

| think we are now in a position in this field where we can and
should develop lots of variants, which test the robustness of
any approach while at the same time, enabling models to be
tuned to the problem in hand. But first let me sketch the
integrated model — which involves coupling sectors

1SIMulation of Urban Landuse, And Commercial and Residential Activities
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Modular Modelling: Coupled Spatial Interaction

Now we have a module for one kind of interaction — consider
stringing these together as more than one kind of spatial
interaction

Classically we might model flows from home to work and home
to shop but there are many more and in this sense, we can
use these as building blocks for wider models. This is for
next time too

What we will now do is illustrate how we might build such a
structure taking a journey to work model from Employment

to Population and then to Shopping which we structure as --
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the journey from w home model as

F, exp(—4c
p( u) | ZTU— _ Ei
Q/\Z F, exp(-Ac;) ;
P, = OCZT”
And\then the demand from home to shop

W, exp(=4c;,)

</\ZW exp(—f ) Zmls"“ -

=25

And there is a potential link back to empl
etail sector E. = f(S,))

First we ha

ent from the
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Ok so this is the model structure — iterative coupling of sectors to
take account of simultaneity and we also want to be able to
do the following:

e Alter and aggregate the zoning system quickly and easily, on
the fly almost

e Alter by adding and deleting different model sectors, so for
example running a model based on simply the retailing and
other employment sectors without the residential and so on

e Subjecting the model to various kinds of physical constraints,
at will and according to external policies

e Extending all sectors to not only predict endogenous activities
but to also be subject to exogenous inputs of the same

e To interface the models easily and quickly with other sectoral
models, particularly demographic and possibly more
established transport models
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Requirements: The Model Design: Models Flows:
Physical Movements, Money & the Residential Model

We will now show the current model to present the logic of our
framework. Our model has now been scaled up massively to
include the outer met area — 1767 zones (33 - 633 -1767)

It is now a three sector model, not simply a residential location
model as it includes internal employment location, retail
location and residential location

So far, we do not have modal split or any disaggregation of the
sectors but we will have five modes and then probably 5
population categories and maybe 5 employment types in
terms of occupations — in short the model will ultimately scale
up to some 100 times the size of the current model
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Essentially the model can be pictured as follows:

Employment
(Industry) <
Location
Population Supply —
(Residential) as a constraint,
Location — then modelled
Retail T Supply —
(Shopping/Offices) as a constraint,
Location then modelled

Supply of Transport
Infrastructure
Capacity
Constraints
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In fact it is easier to show the model structure as follows where
we cah see how we can elaborate it as a static or dynamic
equilibrium model in terms of physical flows

E p
P R
P,R,E E.
R |+| E. |= E

Residential

Retail

Commercial

Total Emp




We can now show many ways in which these modules might be
connected into an equilibrium framework: this is just one.

e (m

;p

=P,R,E
v

R |[+| E. [=

Residential

Retail

Commercial

Total Emp




We can have also developed this model in money flows rather
than physical flows with wages driving the process

W |, prices Housing
| Sales Retail Exp
l, Sales C, Services
: Trans
Prices| +|Sales|+ = W Budget
Costs




The Structure of SIMULACRA

Demographic

Models

Total Population
Population Demand

——————————————————————————————————————

|
Employment &\\\\\\\\\\\\\\\\

External
Variables

____________________________________________________________________________________
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| want to just show very briefly the sort of data that we have in
the money sector that is driving this variant of the model and
also state the residential location equation so you have some
sense of what is going on

House Prices Energy Usage Income House Prices Energy Usage

j |H0usePricesj | J | J j |H0usePricesﬂ | J | J

Click to Save the Click to Save the

Thematic: Map to Display Thematic: Map to Display
in Google Earth e in Google Earth




And the model is formalised as

. . . 2
with travel as a difference or variance o~ between these two sets of costs. Then. the
system must satisfy the constraint

DD LI +1)—(c; +p)] =07 . (11)

The model that is generated from this constraint and which 1s the alternative
residential location model in the current model variant 1s

A (VRN CRTD (12)
ZAJ' exp(—A[(h, +1,)—(c, + p,)]
J

which 1s subject to the usual origin constraint, generating population from equation
(2) with (12) replacing equation (1).
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The Visual Template: The Desktop Model

Ok — let me quickly tell you our strategy — we are building a fully
fledged model using state of the art software and various
web—based interfaces which is highly visual and will be as fast
as possible

We are also building a mirror model on the desktop which is my
contribution to the project and this is a one window minimal
model which is for comparative purposes and to enable the
bigger model to be tested

This is the model | will now show and then | will sketch the bigger
application very briefly which Camilo in our group is
developing
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This is the order in which the operations take place

Parameter
Values
Sequence Goodness of Fit
of Model Statistics: Deviations
Functions & 12
Map
Graphics Graphical Functions
l Graph
. Data
Activity
Totals
Logo
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| ARCADIA: A Fast, Aporegate, Visually Efficient Three Sector Land Use Transportation Model

Pararneterization

Residential Location
Trip Length 139 Parameter Y alue 0739
Retail Location
Fl Parameters Trp Length 11 Parameter Walue 1364
_—

Employment Location

— I Land-&coceszs B0 Parameter Weigh 5
|

Calibration: Goodness of Fit

Residential Location

%Pop Diff 30 Mean 20R2 84 R2Tnp 34

Retail Location

%Ret-Emp Diff 103 Mean 13 R2 87 R2Retal 17
Employment Location

- 1 ZInt-Ernp Diff 138 R2 89
Calibration: Graphical Fit
DMPUTEMDdE|FIt Deviations Hiztograns | Thematic: Maps
| Count D ata
EMD Program
Denzity Data

ACTIMITY TOTALS
Tatal Population 13428650, Observations
Tatal Ernplayrmest GE2E3R1
R etail Employment 1638829 Predictions
Internal E mplayrment 2748116
Exog Employment 2433409
Activity A ate 1.967208
Fop-Retail Rate Q122037

Mumber of Zones 1767
Area of Metro Region 13238140, _ :
Obs WarkTrip Mean  19.06106 Population ‘ Employment | Rietail | The Metro Fegion ‘ Eoﬁﬁle @ | arcc EPSRC ﬁng‘D.IlA' Ade_nptg_hpn and
Obs ShopTrip Mean  11.143 d £ eslience in Lities

Centre for Advanced Spatial Analysis




The Metro Region

Centre for Advanced Spatial Analysis




Here are some sample outputs — | will run the model as speed is
important — here goes

Ok I will run the model
from here —in fact |
need to go to the file on

the desktop again




The employment model has been built more recently and it
much wider in scale than the current 1767 model — it has 3202
or so zones and this is largely because we need to capture
locational change in the wider region.

The model is econometric based on predicting floorspace which
in turn predicts employment. The two typical equations

The fnodels that have been fitted are variants of the generic structure that follows:

F; = ﬂD + EﬂkF; +CI4BJ,- +ﬂ5Dj- ﬂﬁﬂf +ﬂ??:, +':IEGJ' +
ﬂ?l,zj
2
) (20)
£ £
+':IE'HJ" +ﬂ1|:|QJ,- +|:I]_1MJ- + 23553- +E‘j}_5}
£=1,25 £=12

similat to that for floorspace and we state it as

Eg=by+ O B P +h A +bs Al B+ vhgH  +hoh; 10,
g=1,23

(1)
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And here are some screen shots from the desktop version of the
web based application —on Mac and PC

f.¥als

= Mol Voew 3 | = £ 4 Setnve 300

Fasametens T PO o =

x & 800

[ - o

" )

Eun Mode!

T Satistics, view I =a
Activiry Tt
Total Peguidatinn 13438851
Towal Employment HI45233
Ritad Empiggrmest Pl L LN rie]
Imtermal [etgayrrant TEF0A08.890
Exdgenoud Emplaymest ZTEALLE 359
Exagenous Empliymesy ZT4A115.355
Emplopment Actiwity Rare 2150256525
Rutin of Aetadl Empioyment 0132007873
Total Arga 1300402858
Regidesnial Land Arel APOITA 2099
Retad FoorSpace 2THEBLES 25
Offion FioorSnace 44024450

= Coodness of Fit Ve
L= Sed Diew

Colour | Label = s view T =0
252..763| A Tocal
Teash Penanion 13478853
D 7B, 1200 Tetsl Empionment 249230
Retail Employment 1618828 670
.'_] 1200..16] irternat troprmant 24104450
- Exogensus Emelogment ITAB1I5. 358
160E..21] txogemous impioyment TTARN15.059
Emplongment Adtrviby Libe 2188746523
. 2160,.27] | ratio of Retat Emgioymesns 0120037473
TioAsl Ar 1300400858
. 2T77..36] Resdential Land Area SHISE2095
Betad Mloorsoacs THESIRE2S
. 3609..55] othce nosrsasce SHASIAASE

S547..16




[ et v B = oy I Sranisnies View 1 =0
Vartablas Artivity Taral
< Tetal Papulation EErT4]
e - Total Empioyment 245213
. Retad Emplerprg 1533826 610G
Wiewbing Fopulatios =l b il Ergl i 419405 KO0
Ewospencirs Employmem IT4B115.3559
e i ™ Enogenut Employrm. 744115 3599
= Imphayment Aclvaity Rase 1. 1502565215
e Eoh ey it = Raii of Rerad Employment 0 1220378735
= Tetal Arca 13004026 589
Lt — = Besidanhal Licd Aivg ST L] Briee]
—_ Retad FlomSoace EIEANLER 259
Wesisteminl Arex =) Ot Moo Spet Frraliee jog
IEEREREE a
_ Uae delalt vaiislsics
Parmmacers
= Citaprend
X i * 000
s w00
& i )
Run el
] Gosdness of Fit View 5L =0
Mol Sod e B3
Frecicied Frecicied Frecicied
[ Cloke views &2 =nQ
] Legend
Colaur

Centre for Advanced Spatial Analysis




And here are some examples of testing the impact of new
airports on existing urban structure in the London region

Figure 8. [In colour online.] Visualising the impacts of new employment on residential population in
the vicinity of two proposed sites for a new London airport: (a) Isle of Grain. (b) Maplin Sands.
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Data Bases: Location, Interactions & Networks

We have a big problem in getting the networks sorted out for the
aggregate model as these networks are at a very fine scale

We need them to be at a coarser scale for the model as we need
to do all the assignment and capacity checking at the level of
the model

This is a long standing issue, we know, but we cannot afford to
move down the local fine scale level to do the assignment of

trips to the network because this would simply destroy our
basic principle of accessibility of the model to users and also

the speed requirements we need

We will show some of the detail we have by way of illustrating
our work in progress.
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Road Costs

Used GPS data
for realistic road
speeds across
the South East.
Sourced from
ITIS and
Ecourier.

- Legend
Ay, Spood AM Peak mph
[ITES, Ecowrier 2007)

Future
iImprovements
with dynamic
consideration of
congestion.
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Public Transport Costs

Based on network
geometry and
timetabled services.
Initially using model
presented by Duncan
last term. Allows multi-
modal PT trips.

TransXchange

Full UK PT timetable
available in XML format.
Could be used to
automate process of
generating PT networks.
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And we are linking all this to Melanie Bosredon’s Work is
adding energy issues and data to the The DSC SETLUM
(South Essex Land Use Model)
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Key Challenges for Immediate Developments

e Speed of Models
e Quick and Effective Visualisation
e Running the Model with Users/Stakeholders

e Building a Residential Model Based on the Housing Market
Cost, prices, travel and energy costs etc - The Wegener
Principle

e Moving to a Semi-Dynamic Model with Inertia and Internal
Migration

e A Local UK Dimension: Thinking of the Modelling Strategy as
being Informed by National Data Bases such as
Neighbourhood Statistics
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Thanks

http://www.spatialcomplexity.info/
http://www.complexcity.info/
http://www.mechanicty.info/
http://blogs.casa.ucl.ac.uk/
http://www.casa.ucl.ac.uk/
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Some of our books which are about some of this
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