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Strict Requirements & Motivations for the Models
1. Predictions:

Very long time horizons suggests that dynamics is less, not more
important? Climate change wrt to sea level rise is relevant for
50 to 100 year forecast periods

Very short time horizons suggests the same: rapid changes in
energy costs due to gasoline prices rises

Equilibrium models are useful to predicting responses where we
simply do not know how the system will adapt

Such models address directly “What If” types of scenario
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2. Stakeholder Involvement:

The need for simple immediate models that can be used over
and over again to focus debate on “What If?” questions
formulated as a dialogue

The need to explain model inputs, processes and outputs visually
using maps etc as well as visual analytics. It is as important for
stakeholders to understand the data as the model

3. Complex Problems over Many Scales and Fields:

Integrated assessment — wrt to climate and energy change —
melding physical with social and economic — the need for
visual analytics to communicate with scientists from different
fields and to identify potential errors in extensive data sets

The need for simple fast models in all of this
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4. Flexibility in Model Design and Extension:

The need for developing new but related models quickly
retaining with powerful visualisation

The need to tailor models to questions and data which can be
defined by stakeholders quickly and often casually

The need to evolve and build more dynamic model types

5. The Need to Embrace Organisational Constraints:

To build models understood by all members of the Consortia,
stakeholders and scientists alike, where the process is
dominated by resource constraints, different expertise in
different locations, and by stakeholders directly defining the
problems and absorbing the predictions. All this implies, fast,
simple, visual, and accessible models
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Grand Challenges and Appropriate Models: SIMULACRA

It builds immediacy, accessibility, and visual model operation

It starts from simple models such as the one | will describe here
and it will progress to more complex models

It will deliver models on the desktop but through the web

It will build several related models at different levels of
disaggregation for the London region, focusing on climate
change (Tyndall and ARCADIA), energy change (SCALE) and
major policy drivers such as Cross-Rail, the Olympic Games
and major retailing developments (GENeSIS)

We will illustrate our first model that has been built for Tyndall
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Engineering Cities:
How can cities grow

whilst reducing
emissions and
vulnerability?

The IPCC forecasts moderated by
UKCiP suggest North Sea will rise - o
2m by 2010, hence serious flooding ~ g-' * r

of Central and East London
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The Thames Barrier built 1978 to 1984 in operation, likely to be
ineffective by 20407 due to new predictions of sea level rise forecast
at 1-2 metres by 2100 — somewhat debatable, but ....

Centre for Advanced Spatial Analysis




The model sits lies at the core of a process of chaining models
together built by different groups and coming from
different traditions

MoSeS |— i

UK I-O Model

v

-—'I Pop Site Model

The Stakeholder Group ‘

Models

T

Flood Models

Emissions
Modelling

A

Networks Local Climate

Domestic
Energy
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An Exemplar: The Residential Location Model

¢ isformulated as a four mode residential location model, origin
constrained but subject to capacity constraints, with
competition between locations and modes of travel
determined respectively by land availability and travel costs.

¢ Land availability enables the model to consistently account for
dimension trips so that there are consistent with their density

e The capacity constraints are introduced exogenously and can
be formulated as policy levers but this as in all such model
application introduces a degree of arbitrariness.

¢ The modes are road, bus, heavy rail and light rail (Tube and
DLR)
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The model can be written in conventional form as

At M

.-JJ exp(—4"c; )

Interaction: T"=E
E ! Z 4, Z exp( —/".'"c';” )
J m

m=1 . qmi=1 _m=1
'I:_I _C}\p(—A ¢y )

Mode split on each link:

]r;)rrr:—l CXP(—/‘:.”J_:(’:_: )

ZTUm:I Zcxp(_iuhl‘_‘:i:l )
7}

T m=}
Total Mode Split: _ = = S
T ST™ Y exp(—A"'e]™)
if i

Residential Location: Py = Z Ty

And it is calibrated by solving the associated maximum likelihood
equations. You can find these in my 1976 book ......
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There is an option which will be implemented in the version to

be used to look at energy changes for equilibrating the

transport flows with respect to capacities

1. Data exploration

The model package is structured as a sequence of:

2. Model calibration and validation, and thence

3. Prediction

At each stage, the user can engage in extensive analysis of

data, calibrated outputs, or predicted outputs

This version model is calibrated to mean trip costs

The entire process is visually driven and | will first show some

screen shots before running the model
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Visual Analytics and Modelling Processes

& | ondon and the Thames Gateway Land Lise Transportation Model

EEX

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) ta 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 Londen 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 betweean
aqgregate assessments of environmental changes
associated with global and regional climate change models
and environmental input output rmodels, and much more
disaggregate rmodels related to the detalled hydrological
implication of long term climate change

Newcastle,

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 madel 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 ary stage

with GLAECONOMICS

LONDON | ¢¢

Coog
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Can | refer you briefly to my web
site: A Science of Cities: where
you will find a lot of material on
the heritage of this kind of

visualisation
www.complexcity.info/media/movies
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Accessibility from the LUTM model

Many different accessibility
measures, 8 in all s Halp: Accassibilitios Defined

A are computed with respect to the engin zone §

which in this case s where the employment &) is located, or the destination

sone ¢ which in this case is where the population P is located, 4 is the
area and hence (57 A) and (Fy/4;) are densities. oy is the travel cost

from engin zone § to destination zone §. O iz the mean travel cost with all

these cost specific to each of the four modes We show all these »
measures for the ongin 7 zone.

1 1
V=28 B=T 40

i bt Ly
Abgolue Benefit Beneht Dengy

V=X, B xnioey 1) Vi T B A ety 1)

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

Irverse] Inverse:
Absolisls Travel Cost Weighted Absolute Travel Cost
oy =
%= (F,5) B=(Z,Fry)
(Twerse) Weighted Population
Abszabate Travel Cost Density warthin Meam Travel Cost
¥ :_r(a'}hi;)c; ¥ Z).ffr_(wuﬂ'c& =C
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Let us me show you it running — it is loaded ...>>
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For several movies of all our models go to
www.complexcity.info/media/movies Drill down to find

Early Computer Movies: 1967 to 1990

Here we show how crude movies of urban development
were fashioned from SYMAP plots stitched together using
crude in-betweening. And then we move onto pixel arrays
on PCs and VDUs — visual display units — attached to mini
and even main frame computers, which ultimately turned
into work stations by the early 1990s.

Urban Models (LUTI)

These are land use transportation interaction models that
in our context evolved from early visual representations
developed on workstations and then PCs. The Tyndall
model and its successor ARCADIA are the key examples
‘we show here. We have linked them to 3D media (Google
Earth) loaded on the fly as these simulations proceed.

And now a little bit more about the model ............ looking
at the version we are currently building
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The Economic-Energy Focus

¢ We have replaced the simple travel cost function with one
that relates to wages, travel cost and housing cost

¢ |n essence, we compute the proportion of a wage in any origin
(employment zone) which is available for a) travel and b)
housing, and we separate housing and travel costs into energy
and non-energy related components

¢ Monies for travel are then compared to the actual travel cost
on any link and those closest to the cost have a greater
probability of determining a trip

e Monies for housing at origin i are then compared to the actual
house price at location j and those closest to the housing price
have a greater probability of determining the trip
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* The model is built around variances between monies available
for travel and housing and the actual costs of these as

Interaction:

- A expla pyexp(=A¢] yexp(=B(p,(w)—p, ) exp(=f(c, (w) —c y
i

o > A expla pyexp(=f(p,(w)=p,)* Y exp(=A"¢ yexp(=f(c,(w)=¢) )’

m

e Again we solve the model from its maximum likelihood
equations

e There are several variants of all these models which can be
chosen in real time by the user based on different patterns
and combinations of moments and related constraints

¢ We need to look at the data which is aggregate as we have
wages at the origin end and income at the destination end
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Transport & Housing Costs from the ‘09 Spending Survey
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e Letislook at incomes where people live and wages where

people work

ic and [nergy Use Maps = Eeanomic and Energy Use Maps.
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Extending the Software

e Currently we do not have good zoom, pan, overlay facilities in
the model due to difficulties of such programming in VB. |
suspect these could be developed but we also need to share
the data and the predictions and a quick possibility is to use a
non-proprietary open map visualisation system to link on the
fly to the model: this should be web-based

e The best way forward at present is to generate KML files in the
program and then feed them to Google Earth where we have

overlay, 3D, and external data facilities. You have seen this.
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interactive program in VB

It is based on pragmatic use of available software but it
generates familiarity. It also lets us store data in a convenient
fashion and add other external data as KML files — particularly
physical data which is hard to store in the customised software
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The Challenge of Energy: Rising Costs of Transport

| now want now to show you how we are using the model to
handle energy costs in terms of rising costs of transport

What we can do is increase the cost of gasoline for road users
relative to other modes and see what the effect is

If we double the cost of gas we then can see how users shift
mode of travel and also how location of the population
changes. The key issue is to assess this kind of shift in terms of
interaction and location

We will show some screen shots of the model doing this
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¢ The following figures show what happens if gas costs rise by
100% i.e. double

Mode Observed | Percent Shift
Road 39% -50%
Rail 12% +48%
Tube 33% +36%
Bus 16% +73%

Population e
Shift 1%
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Integrated Assessment using Sketch Simulation

¢ | have said nothing at all about how this model is embedded
in the integrated assessment — the string of models that are
used to scale national regional forecasts to very small scale. |
cannot show you all these models but let me just talk briefly
about the next stage down — how we go from 633 zones in
London to 50 metre grid squares and this sort of hooks up to
another style of modelling

e InGIS..... Here is the integrated assessment block diagram
again
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The local development model
GIS layers at 50 metre resolution
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Next Steps

Extending the area to 2000 or so zones — wider south east
region

Building the extended set of sectoral models

Building in market clearing and some simple dynamics

Extending the energy use to locational factors

e Disaggregating the model into more population and
employment types relative to data

Specifying movers and stayers through the exogenous inputs
and tying these to past model outputs
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If there is time,
| will answer any

Questions

www.casa.ucl.ac.uk

www.ComplexCity.info/tweetpad/
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