CCSi15

Conference on Complex Systems

Tempe, Arizona
September 28 - October 2

Centre for Advanced Spatial Analysis

Building Operational
Urban Models

Michael Batty

Centre for Advanced Spatial Analysis
CASA-UCL

October 1, 2015

m.batty@Qucl.ac.uk
<7 @)michaelbatty

Building Operational Urban Models




An Outline of My Talk

e What is Urban Science For?

e Operational Models: Not Just Better Science
per se but Better Cities, Better Urban Policy

e Some History: Where From, Where To ?

e Our Examples: Tyndall and Arcadia Projects

e Are These Software Projects? Not Quite ...

< Small, Fast, Simple Models: The Dubai Pilot

e Big, Fast, Spatially Extensive Models: Quant

e Embedding Models in Practice




What is Urban Science For?

The urban science we are talking about in this
meeting is largely about the macro properties of
cities that we might exploit to understand how
micro-issues add up to macro and how dynamics of
urban change lead to urban growth and decline
which introduce qualitative change. This is what is
being called ‘a’ or ‘the’ science of cities.

But there is an earlier patchwork of science in this field
which essentially is that developed by urban
economists and social physicists dating from the
19t century, even before, from way back.




This patchwork goes back two centuries at least. At
various times, different disciplines have rediscovered
what others before have speculated upon. The
Physiocrats, early economists such as Ricardo, spatial
economists such as von Thunen all the way to
location and then central place theorists invoked
Ideas about gravitation, potential, rent, density &
transport costs etc. which led to this patchwork.

In the 1950s and 1960s, application of these ideas came
to the fore particularly in transportation and from
then on there has been a wave of modelling efforts
which sit in parallel to new conceptions.




Operational Models: Not Just Better Science

per se but Better Cities, Better Urban Policy

These models have been called operational in that
they are concerned not only with testing/validating
or exploring theory but with making predictions that
Inform decision-makers, planners, policy makers.

To an extent only now is the real exploration of the
underlying theories and models that pertain to such
spatial simulations being made clear. Existing
models which attempt operationalise these ideas
tend to still be a bit of a confusion of motivations -
science or prediction or prescription or all of these.




What | will do here is explore this parallel tradition and
present some of the ideas that are now beginning
to dominate how we might build better aggregate
but operational models that inform policy.

| do this in the spirit that much of what we will discuss
IN this session may in time find itself within this
operational modelling tradition. To an extent it is
already there so things like the radiation model
which parallel the intervening opportunities, the
gravity and in some contexts discrete choice travel
models, can be simply slotted in to the sorts of
frameworks | will discuss.




Some History: Where From, Where To?

As soon as mainframes moved out of the labs in the
early 1950s, planners began to think about how
social physics could be applied in transportation

CATS:. Chicago Area Transportation Study 1955. The
1960s — a great wave of these land use transport
models and from then on models have got more
detailed, bigger, faster and so on.

Lowry’s model for Pittsburgh in fact

set the standard for what could be

achieved in those days and a lot of

work since then is in his spirit
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Let me fast forward to the sorts of models we have been
building on and off in my group in the last ten years
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CASA Models: Tyndall and Arcadia Projects

MoSeS _l

R Global Climate
UK [-O Model Models
— LUTI Pop Site Model
Emissions /|_' Flood Models *—— Local Climate
Modelling

Tyndall Cities — An Integrated Assessment of Sea Level
Rise in London: Our work is on the LUTI Model - Land
Use Transportation Interaction Model
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A quick sketch of the model structure - ie
what does it do ......

ORIGINS DESTINATIONS
The grey arrows are
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Essentially the model structure is input-output
like and the submodels are gravitational,
discrete choice, or radiation etc
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Let me show you
another sketch of how
these structures are
coupled

And we can repeat
this indefinitely ....
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To give a flavour of the model, | will show some

screen shots first

= | ondon and the Thames Gateway Land Use Transportation Model E@E

- g Cities Research Programme

‘Centre

for Climate Change Research

This program is a rudimentary land-use transportation model The programme enables the user to read in the data and
built along classical lines which allocates population and explore it spatially, to calibrate the parameters of the model
employment to small zones of the urban system. It uses and explore its outputs spatially and to engage in various
spatial interaction principles which bind the population sector predictions ranging from the typical' business as usual
(residential or housing) to employment sector (work aor scenarios' to much more radical changes posed limits on
industrial and commercial) through the journsy to work fwork spatial behaviour which either result from climate change and.
trips) and the demand from services (which loosely translate or mandated by government. The predictions and scenarios
into trips made to the retail and commercial sector). are intended to go out to 2100 and thus the model is largely

designed as a sketch planning tool.
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 These various stages of the model contained in a master tool
wider process of integrated assessment focussed on barwhich is activated when the GO! button is pressed on this
assessing the impact of climate change on small areas in this screen. The master tool bar enables the users to proceed
rnetropolitan region. In particular rises in sea level and through the various stages indicated and to display outputs in
pollution are key issues, and as such the model sits between rnap and statistical form at any stage.

aggregate assessments of environmental changes

associated with global and regional climate change models . T
and environmental input output models, and much more with GLAECONOMICS GOl
disaggregate models related to the detailed hydrological LON DO N ’
implication of long term climate change. e
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B Master Tool Bar
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& MASTER TOOL BAR: The London and Thames Gateway Land Use Transportation Model
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MASTER TOOL BAR: The London and Thames Gateway Land Use Transportation Model
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Exporting data and predictions to external software on the fly
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- Master Tool Bar

| & Predict E]:{

= Reading in Data

-1|'x

- 5]

(x]

Input i (5

Scenario H
Data

Scenario from File

Run
Scenario
Model

More
Scenario
Runs __.

Prediction Routines

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 usedto
distribute employment as population to these small (residential) areas. This
involves changing the inputvariahles - employment and residential floorspace
by small area, and the trawvel costs associated with each mode of transpor,
which in turn imply changes to the transport infrastructure. The user also has
control owerthe pararmeter values onthe friction of Trawel Costor travel cost
associated with each mode. This can be changed inwalue to reflect changes in
the average Trawvel Cost or costtravelled on each mode.

Users have a choice of inputting & preset scenario inwhich 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 ‘whatf
scenarios which require a small number of rather simple changes in the inputs
reflecting substantial or radical change.

By clicking the 'Scenario from File' buttan in the toolbar to the left & preset
scenario is loaded and the useris then taken to the point where 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 barto increase the
walue of employment in that zone by up to 100 percent or decrease it by up to
100 percent. As many zones as reguired 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 relewant button from the
toolbarto the |eft.

Finally the trawel cost on any link by any mode from one zone to another can be
changed using the same method. An arigin and then a destination zone need o
be clicked and then reduced or increased travel cost (by up to 100 percent)
made using the slider bar. The user must choose the mode eachtime and the
program then recomputes all the shonest 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
sarme system for exploring the data and calibration results.

Key Elements of the London Plan to 2025 Shown Below.
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By Predict 2% |
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Scenario
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Scenarnio fram File

Diztance
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Run
Scenario
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Here Is a movie
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The local development model

GIS layers at 50 metre resolution

_urrent \Waker

]

Zurrently Developed

Flanning Constrained Land

]

Area Vulnerahility
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We broadened this model to capture greater spatial
extent — simplified the interface - this is the Arcadia
pilot build for London and the Outer Metropolitan
area
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| ARCADIA: A Fast, Apgrepate, Visually Efficient Three Sector Land Use Transportation Model

Parameterization

Reszidential Location

Trip Lenagth 19 Parameter Yalue 0739
Retail Location
LS EACER Trip Length 11 Parameter Yalue 1364
R

Employment Location
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_Ji
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5
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13:29:10 !
WAIT... UM Mode
13:23:16 HHeeE
0K
13:29:20
WaIT...
13:29:33
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13:3$:D? COMPUTE Model Fit
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Using Such Models to Test Spatial Impacts
We also have a web based version - SSIMULACRA

(b)
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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Infrastructure in London: Olympics, 3rd Runway, Cross-rail,

G00Qles
C
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Are These Software Projects? Not Quite ...

These applications and everything hitherto are not
software projects — they are not designed to
provide any form of user interaction unless it is to
the model-builder, although they are very different
from most large scale modelling in that they are
visual and imply user interaction

From the beginning, model applications were based
on simply calculating model outputs using basic
programming - high level programming largely
focussed on getting results.




But the users are other scientists — at best policy
makers but there has been hardly any focus on user
Interaction

The field has been dominated by consultants writing
programs to make models work to produce results
that are presented Iin traditional terms. Most models
are still non visual — our Tyndall and Arcadia models
were much more visual but little focus on defining
best practice with respect to users.

The key message is that it has taken 40 or more years
to get to the point where there is even any thought
about users other than model-builders.




The focus has been at best on demos that others can
watch — maybe interact with under supervision —
but the notion of truly interactive use at the level of
modern software is fairly remote — until this happens
the field will remain in the hands of consultants and
academics.

It may well be that this will be the case as yet for a
long time to come but it has enormous implications
for model use and applications in the world of all
pervasive IT and smart cities. Much the same, if not
more so, it true of economic modelling.

We hope to change this but first the typical demo ....




Small, Fast, Simple Models: The Dubai Pilot
A New Retall Centre in Dubail
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Where did we get the data - in a data poor

environment?

Dubai Business
Density
derived from

Google Places API

44" Dubai Built-up

| area derived
| from Landsat8 &~ el
imagery 2

~ | Dubai Business
" | Diversity Density
4| Index
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Dubai Population Estimate 2012 [Dubai Statistics Center) Here we simulate the impact of large changes in urban
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Applications

A New Retail Centre in Dubali
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Big, Fast, Spatially Extensive Models: Quant:

Our current model is being built for the Future Cities
Catapult for all of E & W - Scotland will be added
but not yet because the 2011 census data wasn’t
ready in the correct form when we started last year

Then model is dead simple —-the journey to work but
7201 zones MSOAs but there are many issues of
speed - that Richard our programmer is working on

The model will be massively extended once the user
iInterface is sorted and the balance of client-server
computation resolved. Of course it is web-based.




The model is now being designed by a small team a
programmer, a desigher who is a model-builder
(me), a user interface specialist and a part time
graphics programmer

The model is web-based -very large — an order of
maghnitude larger spatially than most equivalent
models - for all zones in E&W because we need it to
be operable by any stakeholder from any area of
E&W to test impacts of economic-demographic
and transport change.

The size and scale of the models introduces new issues
about scalabllity which we will note as follows




The zoning system is massive — because we need to
cover everywhere rather than building specific
models for each place.

The big issue is — how do we
predict long distance travel. We
would like to use an inverse
distance rather than a negative
exponential function of distance
l.e.

~ -B
T, ~0OD,d;

But we will generate trips at
infinite distances and our
assumption is that if we extend
the zoning system a very very
long way from every origin, we
will get too many trips — fractions
of trips at long distances
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In fact, if we use a negative exponential function, on
average we reckon that by the time we get 120
kms from a place, we won’t get any trips - T(i,])—0

10000
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It is 350 kms from Manchester to London and biggest
distance is Berwick on Tweed to Lands End 885 kms,
so the negative exponential model handles this OK.

We still have the problem of getting integer trips.
Currently we round up or down and this more or less
preserves the constraints - we would like to handle
this better but if we choose from a probabillity
distribution ... well this is not quite the model we are
building as it is supposed to distribute aggregates
but ideally aggregates that are integral. To do it by
assigning each individual in the aggregate seems
somewhat odd as it isn’t a discrete choice model




Ok - there are a lot of issues pertaining to software
design that we need to handle — and let me list
these

e What goes on the client and what on the server —
currently data and computation of model on the
server, map rendering on the client

e What happens if the model is stil computing for one
user and another user logs onto the system - has to
wait for the first user to complete?

 How fast is the model — ~ 5 seconds — maps take
about 5 seconds to render — as we grow the model
we need much more speed and we can get it




Our model will be a lot bigger — several sectors,
disaggregation of population, employment,
capacity constraints, predicting some form of
market clearing based on land use area and
rent/price

Assignment of trips to network and capacity
constrained assignment

Multimodal travel - more than one network
The current model has two variants of the network —
crow fly and over the road

The model is online and you can get this at
http://quant.casa.ucl.ac.uk/ - don’t use Safari




JUANT....

Simulating the Impacts of Large Scale Change in the UK

Explore OUANT

About QUANT
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@ U A N @ @ E
I beta version

Wk Flown (Mode)

-

The interface is extensible — and data in terms of maps, flows and so on can be accessed in this way
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UUANT....

Dhaersed Popolation

Building Operational Urban Models




1

Yo 7
b_ﬁ.

-

- __\-I

=
L 'Y
1'\-.3"4';:"

The idea is that we drill down on this map and change its

representation to other forms, bar-

Google Earth

3D,

histogram map

and so on. There are many other graphics that will come through the

scrolling graphics interface
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Explore Data

N I beta version
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Set Scenarios
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Model Statistics
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Embedding Models in Practice

There are many things | have not said about how we
define scenarios and embed these models in
practice — | am thinking here about planning
practice and decision-support systems — planning
support systems

Lot of work on this area and part of our work with FCC
IS to provide them with tools like these so that they
can introduce them to potential users and
stakeholders of various kinds .... | will finish at this
point
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