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LUTI Models: A Little Bit of History, Early Graphics
Interfaces, and the Tyndall Model

Early models: CATS 1955: The 1960s Models

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
chmidt’ 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

Program 1.1 “Mickey Mouse' line printer program-plot
© 1987 The Walt Disney Company
10 MoDES
20 PRINT o
30 pRINT | C r O -
40 PRINT
50 PRINT" O
60 PRINT XXKRIOROO
70 PRINT" XXXXXXXXXXXNXXXXX"
80 PRINT" XXXXXXXXXXXXXXXXXX "
o e com
100 PRINT" RO
110 PRINT" KKOOOKKRXXOXXKIOOOKK
120 PRINT" X oxxe °
130 PRINT" XOUROKE XXKOOK 00 X X
140 PRINT"  XXOOKKOOXK 0RO X * X
150 PRINT"  XH00CKK00CKK_ XXXKKKXX o e X XK
160 PRINT" XXXXXXXXXXXKKXXXXXKXXXXX Akwn wakk XXX
170 PRINT"  XXKKUXKKKXKKOKROKIKK.  wwws #48 XXKRXK™
180 PRINT"  XXXKKKKKOOKOOOKE KK vkww XK
190 PRINT"  XKKOOUOKHXX X X
200 PRINT" XKKOOOKKRC X KK X
210 PRINT XROOXKK X xx X AEL BATTY
2 o o MICH
230 PRINT KX KOO0 "
240 PRINT* XXX "
250 PRINT" XKKXOKXKKOXXKO0XKE XXX
260 PRINT KROOXKKKRXXXXXOOX
270 PRINT XK
280 PRINT XXX
290 PRINT
300 PRINT" XX
310 PRINT" XXX "
320 PRINT" XX o
330 PRINT X
340 PRINT X
350 PRINT X
360 PRINT
370 PRINT" XX X0
380 PRINT" X KO000000X"
390 PRINT XK XXX K0
400 PRINT XXKOOO0KK 0K X0
PER CAPITA INCOME, 410 PRINT"  XXXKKHXXX

1974 420 PRINT" XX X = ==saaeacseds
430 PRINT"  XXXIOOXKK 5535809509-3030899938809333E
460 PRINT 93839933 999333885098
450 PRINT 25
460 PRINT
470 PRINT' CHAPMAN AND HALL COMPUTING
480 PRINT
450 PRINT
S00 PRINT
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| didn’t work on these models as such from about 1982 onwards
as | got into fractal type stuff with Paul (Longley) but | did
develop quite a lot of visualisations really for demo and
teaching purposes

Early version of Melbourne model in 1982 and then development
of a WATFor77 version in 1986

The Melbourne Version is primitive and not nice to look at
because we attached a video to the raster display device
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18 PAPERS OF THE REGIONAL SCIENCE ASSOCIATION, VOL. 53, 1983

T 0.9000 TO 0.5600 WITH THE YALUE 3390
NCGIA Notleaal Centar for CENERATING THE REST MINIMUM OF 0.0531 IN THIS RANGE 50 FAR
MELBOURNE Geographic Ieformelion sad Anclpsla § you ST NOW CHOOSE ANOTHER YALUE IN THE NEW
DISTRIBUTIONS OF INTERACTIVE LAND USE & | VSUALLY NAXAOVER RANCE AND FROCEED AS BEFORE
f EMPLOYMENT AND POPULATION BUrFFAL0 TRANSPORTATION MODELING
- PRESS RETURN TO CONTINUE
> TYPE IN THIZ NEN VALUE A3 =
L 44,9
;L = [ ok ~
} ] 1 2
PERCENTAGE EMPLOYMENT-(1) - i ; -‘n l 3
AND POPULATION-(2)-IN "00° g A{ =
z'f Osorved 10 t :'h»
e R G T R IO ;:7 WETAETS ?
CI|C 7 B : o
1 1 i I | ]
L+ L} i :
b e A
'|__Observed Population
g e i
i 1
e | DO S Y A RN ERN Y PR |
J"'\‘ Now Move the Mouse fram this j;‘('; !ilﬁ )
~ Vindos to tw Nouse Vindow at § 0
. 519 the Top Rignt of the & |0 TnterZead Trine Trip Froquency Distribution
©  BASIC EMPLOYHENT AND BASIC POPULATION MODEL:STEADY STATE INTERACTION :r op o crom Qi - x ™
7 BASIC EMPLOYMENT HODEL:STEADY STATE INTERACTION - EXPLORATION CALTRRATION PREDICTIONS
9w TIoN STEADY STATE. INTERACTION To Continue, Always Keep the Mouse in the Current Window - Press Enter/Return to Continue
FIGURE 2. Predicted Distributions of Employment and Population for the 3 -
Models Based on Steady State Interaction Patterns Figure 6. Progress in calibrating the model using dichotomous search.

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

| don’t have time to show the 1986 demo — but it still runs under
DOS on this laptop
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And bringing it all more up to date:

We began the current wave of urban models which led to
SIMULACRA the model system | am talking about today with

our application to climate change in the Tyndall Model where
one of our guiding principles was to communicate the model
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, input-output people and so on

Hence our focus still on visualisation, besides the sort of
complexity that these ideas portrayed which we believe
requires visualisation at every stage of the process.
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The Model Interface

=, London and the Thames Gateway Land Use Transportation Model

Cities Research Programme

‘Centre

for Climate Change Research

This program is a rudimentary land-use transportation model
built along classical lines which allocates population and
employment to small zones of the urban system. It uses
spatial interaction principles which bind the population sector
(residential or housing) to employment sector (work or
industrial and commercial) through the journey to work {work
trips) and the demand from services {(which loosely translate
into trips made to the retail 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 used in a
wider process of integrated assessment focussed on
assessing the impact of climate change on small areas in this
metropolitan region. In particular 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 climate change models
and environmental input output models, and much more
disaggregate models related to the detailed hydrological
implication of long term climate change.

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

These various stages of the model contained in a master tool
bar which is activated when the GO! button is pressed on this
screen. The master tool bar enables the users to proceed

through the various stages indicated and to display outputs in

map and statistical form at any stage.

with GLAECONOMICS

LONDON | ¢
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By Master Tool Bar
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Accessibility from the LUTM model

Many different accessibility
measures, 8 in all

=1k

'~ MASTER TOOL BAR: The London and Thames Gateway Land Use Transportation Model
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= Help: Accessibilities Defined

Accessibility measures are computed with respect to the origin zone i
which in this case 15 where the employment Z; is located, or the destination

zone j which in this case is where the population PJ 1s located. 4; is the
area and hence ( 2/ 4;) and (ijAj) are densities. Ty 1s the travel cost

from origin zone i to destination zone j. T is the mean travel cost with all

these cost specific to each of the four modes. We show all these accessibility
measures for the origin i zone.
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Long Term Scenarios Based on the Impact of Changes in Employment. Residential Floorspace. and Transport Costs

Predictions with the model involve forecasting the location of small area
populations and the trip patterns associated with the four modes used to
distribute employment as population to these small {residential) areas. This
involves changing the inputvariables - employment and residential floorspace
by small area, and the travel costs associated with each mode of transport,
which in turn imply changes to the transport infrastructure. The user also has
control over the parameter values on the friction of Trawvel Cost or travel cost
associated with each mode. This can be changed in value to reflect changes in
the average Travel Cost or cost travelled on each mode.

Users have a choice of inputting a preset scenario in which all these variables
are changed exogenously or a process of changing these variables
interactively, on screen. The interactive process can involve many thousands
of changes and is probably best used to input data which reflects "what-if'
scenarios 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 left, a preset
scenatio is loaded and the user is then taken to the pointwhere the model 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 pointing
the mouse at it and 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 user is satisfied with the employment 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 relevant button from the
toolbar to the left.

Finally the trawvel cost on any link by any mode from one zone to another can be
changed using the same method. An origin and then a destination zone need to
he clicked and then reduced or increased travel cost (by up to 100 percent)
made using the slider bar. The user must choose the mode each time and the
program then recomputes all the shortest 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 is 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.

i
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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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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 can 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 let me tell you essentially how these kinds of models are
constructed and build on what Alan has told you in the last
three weeks.

'SIMulation of Urban Landuse, And Commercial and Residential Activities

@ Centre for Advanced Spatial Analysis i
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We want to be able to do the following:

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

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

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

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

To interface the models easily and quickly with other sectoral
models, particularly demographic and possibly more
established transport models

@ Centre for Advanced Spatial Analysis i
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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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Journey from work to home

1L

Generating population

Journey from home to shop

Generating employment

Centre for Advanced Spatial Analysis

We have two or more
sectors where each
sector is build around
a gravity or spatial
Interaction model

And the sectors are
coupled

They forward and
backward into one
another




D.exp(—Pc,

T = F, p(” Pey)
E D, exp(~Pc;)
7

Here are the detailed
submodels

Journey from work to home

1l

Generating population

Journey from home to shop

1l

Generating employment




The model can be extended to embrace supply constraints

Employment
(Industry) <
Location
Population Supply —
(Residential) as a constraint,
Location —{ then modelled
Retail e 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 canh see how we can elaborate it as a static or dynamic
equilibrium model in terms of physical flows

P

Residential

Retail

Non-Retail
Employment

Total Emp




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

P Residential

|

R Retail

|

E. Non-Retail

| Employment
E 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
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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

=, Economic and Energy Use Maps Q@@
Income House Prices Energy Usage Income House Prices Energy Usage
j IHousePricesE I :l I J fwages] LI IHouse Pricesll | _I I _I

Boiee
~ ‘Qﬂ“‘,

358 g S !
A LIRS

Click to Save the Click to Save the

Thematic Map to Display Thematic Map to Display
in Google Earth " in Google Earth




And the model is formalised as

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

D LI +1) (e, +p)] =07 . (11)

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

I _F, A, exp(=A[(h; +1,) = (c; + )] 7
D A exp(=A[(h, +1,) = (¢, + p))T’
j

(12)

which i1s subject to the usual origin constraint, generating population from equation
(2) with (12) replacing equation (1).

Centre for Advanced Spatial Analysis




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. Camilo in our group is developing this
and he will then outline the web application.
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Demographic
Models

Total
Population

Total
Employment

External
Variables

Population
Demand

I-O

Employment
Sectors

Employment
Location

EMP

The Structure of SIMULACRA

Residential §
Location 5
Services |
Location

Trip
Capacities




This is the order in which the operations take place
Parameter
Values
Sequence Goodness of Fit
of Model Statistics: Deviations
Functions & r?
Map
Graphics Graphical Functions
l Graph
Data
Activity
Totals
Logo
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w. ARCADIA: A Fast, Aggregate, Visually Efficient Three Sector Land Use Transportation Model

—

FIX Parameters

—

\COMPUTE Model Fit:

END Program

ACTIVITY TOTALS

Total Population
Total Employment
Retail Employment
Internal Employment
Exog Employment
Activity Rate
Pop-Retail Rate
Number of Zones
Area of Metro Region
Obs WorkTrip Mean
Obs ShopTrip Mean

13428850.
6826351
1638829
2748116
2439409
1.967208
0.1220379
1767
13238140.
19.06106
11.1431

Population |

.

A

Emplayment |

g
Ry
Qe AL A

A

oy W
i Q"'tf!"
g ‘llf}"tj‘

Y
=S

Retail

| The Metro Region

Google
Earth

|

Parameterisation

Residential Location

Trip Length 13 Parameter Yalue .0789
Retail Location

Trip Length 11 Parameter Yalue .1364
Employment Location
Land-Access 50 Parameter Weigh .5

Calibration: Goodness of Fit

Residential Location

#%Pop Diff 30 Mean 20 R2 84 R2Trip 34

Retail Location

#%Ret-Emp Diff 103 Mean 13 R2 87 R2Retail 17
Employment Location

ZInt-Emp Diff 138 R2 89

Calibration: Graphical Fit

Deviations Histograms | Thematic Maps
Count Data
Density Data
Observations
Predictions
arcc |[EPSRC|| 0 amain
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The Metro Region I s

S
B
Al
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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




)
Ruw 1“ o] Funsonr . v:“:“"‘ .
e Regionl Boundiary e B e
Scotland N by P
North ‘w Regional Government Offices A\ /5
m B Y Newcastie
Carliste
North g
&- West {Yorkshire
row-n-furness! & the Hum::v s
RA
#lackpoot rreston V| vm el l"?‘:“i’
M"’fr!:':: pronchse - East -‘4‘!"7::’9
ast AR
Midland: s
i . idlands =5 Jl‘(:z' "zl"h’%“‘ v"‘\!{!
ATTEAT G LA Wy 2 N
Leicester) Norwich nﬁ{;ﬁ%“‘&ég‘i;&gﬁ“ﬁr.gvf;;\ 4
St ) o Sr s Wy
Midlonds ey g 1 t@'?.\ﬂb!fﬁ ﬂk!s’:-‘
4 A o 71
Goceter & < "E\” "‘f"‘"_}‘% _z x!'
’ L ‘tfz s )
s
South West r xﬂ
e ®©/
rhymouth London
South East S
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And here are some screen shots from the desktop version of this
ultimately to be a web based application — on Mac and PC

Centre for Advanced Spatial Analysis

ann
T Model View 52 1=
Parameters
x O )
s © 000
" O 000
( Run Model )
T Statistics View £ ey -]
Activity Tow
Total Pogutation 13428853
Total Emgloyment 6245233
Retat Employment 1638828.670
Internal (mployment 2439405.890
Excgenous Employment 2748115.359
Exogenous Employment 2748115.359
Employment Activity Rate 2150256523
Ratio of Retail mployment 0.12207873
Total Area 13004028.58
Residential Land Area 320358.2099
Retad FloorSpace 25688185.25
Office FloorSpace 39449244.50
I Goodness of Fit View
Mocel Std Dev
Colour Label '
B 22.783
Tenal Pepulation 13428853
D 783..120] Totat Employment 6245233
Retail Employment 1638828 670
[:] 1200..16] teternal Employment 2419405850
Exogenous Employment 2748115.359
1608..21| txopencus tmployment 2748115359
Employment Activity Rate 2.150256523
. 2160..27| Ratio of Retat Employment 0.122037873
Tonsl Acea 13004028.58
. 2777..36| Resigenial Land Area 3203582099
Retail Floorsoace 25688185.25
. 3609..55] office Poorspace 3944524450
W s547.16




m Simulacra
[ Model View SZV‘ =8 M @ A setsyle 22 = O[3 statistics view 3 | =8

Variables Working Population Retail Employment Total Employment Activity Total
Total Population 13428853
Area '] Total Employment 6245233
Retail Employment 1638828.6700

Working Population '] Internal Employment 2439405.8900
Exogenous Employment 2748115.3599
Retail Employment '] Exogenous Employment  2748115.3599

Employment Activity Rate  2.1502565236
VB i = Ratio of Retail Employment 01220378739
(EETEs B —3 Total Area 13004028.589

Residential Land Area 320358.20999

Retail FloorSpace 25688185.259
Residential Area ) Office FloorSpace 39449244.500
Retail Floor Space ']

Liaxel Cost <)

() Use default variables

V| 4
Parameters
Observed Observed Observed
X O 0.00
B O 0.00
n © 0.00
Run Model
[ Goodness of Fit View &3 =0
Model Std Dev  R-2
Predicted Predicted Predicted
[ Clobe View 52 =0
8 Legend =
Colour
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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 , AR s 5
the South East. S Tl AV
Sourced from S N T

ITIS and J (e Tt s SR
Ecourier. (& o R "y ] e el il

h Legend

Av. Speed AM Peak mph |
(ITIS, Ecourier 2007)
-10.0

..........

10.1-15.0 El

Future e j
20.1-25.0
- 25.1-35.0
— 35.1-50.0

improvements
with dynamic
consideration of
congestion.

—50.1-81.0
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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.

Legend

~7| == National Rail Station

e Underground Station
Street Network
Rail Line

Underground Line

| @ Destination

Fastest Route
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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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Some stuff on these models
is at

http://www.complexcity.info/

And my very old book
can be downloaded from
www.casa.ucl.ac.uk/urbanmodelling
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entre for Advanced Spatial Analysis - Urban Modelling Book - Internet Explorer

0] 42| &5 The CASA Blog Network | Thella... | 2 UCL Centre for Advanced Sp... %

| File Edit View Favorites Tools Help

UCL CENTRE FOR ADVANCED SPATIAL ANALYSIS
Urban Modelling Book

Search CASA's site

Michael Batty (1976)

Urban Modelling: Algorithms, Calibrations, Predictions
(Cambridge University Press, Cambridge, London and New York)

Urban Modelling

Algorithms, Calibrations, Predictions

Download the Book Here

You can download the book in complete form by clicking this link which will prompt you to open or save

FOF
(18 MB) Complete Book Modest Resolution
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