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Lecture 6:
Integrated Assessment:
The Tyndall Models for Greater London:

Topical Issues of Climate Change and Energy Predictions in Models
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e Strict Requirements & Motivations for the Model
e Structure of the SIMULACRA Suite of Models

e The Residential Location Model

e Visual Analytics and Modelling Processes

e The Economic-Energy Focus

e Energy Changes: Rising Costs of Transport

e Integrated Assessment using Sketch Simulation

e Next Steps
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Strict Requirements & Motivations for the Model

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

Predictions are to inform the debate, they cannot produce
magical results
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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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Let me address these issues by way of telling you what we have
and are doing before | get into the land use transport models

we are developing

First climate change and then energy change. In London we
already have a major response to climate change which was
put in place in the early 1980s in response to major flooding in
the early 1950s — this is the Thames barrage. It wasn’t seen as
being part of climate change then.

We also have in place congestion charging with road pricing a
distinct possibility in the near future, to save money due to
extensive current gridlock, for strategic reduction of gasoline
usage (fossil fuel depletion and rising costs) and because of a
growing awareness of ‘green issues’
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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 ....

e B T e Y |

= ex] H,
L ~.

Centre for Advanced Spatial Analysis




S @& T
£ gﬁg %(? S

Environment
Agency

9 i

b ‘
2 N

Date February 2006 | Scale N | ite

Version 1

=T

Centre for Advanced Spatial Analysis



= MapTube Map - Windows Internet Explorer E =1

@h hd !-_E!_Ep_;{?\lw:v.me!ptub_e.org_,!'lc-ndon,l'ljlapE|3_><?_m§pid=136 B _\'_1 2l % l - ' B~
File Edit Wiew Favorites Tools  Help

Go git _ - _V| -" Search w1r g0+ 6- (9] lfii* g] * o Bookmarks+ ":} Check ~ (]_I AukoFil v A tis = SignIn v

W E'-',éMapTube Map |_| - B - &= - [2hPage - G Tooks - =

MAPTUB@

Link to this map o place to put maps

KL |_ Map | satelite | Terrain |

BICRITECTE

[ Bad(-
1Chipping & N \1
/ -

Ongar  Blackmaore

(-]
Ingatestona m

a
Kelvedari

(-]
South ]
o Woodham
o Billericay Ferers
Brentwood & )
Wicktord a
] Hockisy
.; Luﬁn laigh Y o
'03 .Ide. wEY Rachfard Graat
Basil J Wakering|
- ool b | o
Canvey. 0
Cumnghé’m Brfilleet |‘5|de Southend-on-Sea
/,. B & 0
s o .
I stantord.le-Hopa shiver

o p.
Windsor : 3
©Old Windsor, | ¢ a5 e Ty ’ . NoRhfL Paiite Allhaliows
/ gl i " R A i Ll oL S High s
fisld al hlﬁ - : i ey == B O T GIRYESENG Halsinw Sheemeass.
Virginia Eaham : - = ! THE 5
< Al o/_{\‘___‘_ mﬁ’ﬁm 2 > el = 74 !;E::::gcun Population Density € Modway Queenborough
- i ——Sheppenon : B s ¥
Sunnlnghllcmdé‘,w S _PD
] Weytridgs - o] 2 J
-} : ) . ;
Eho Addlestona. i/ - b ok 5 K 3 ysfor Low population density [ Néwinaton J;m The Swale
. J Medium population 2

ightwater | (5 7 ! ; " : = -
\ ~ 0 . { " { density m/_\‘*(\ Sittingboume

PWoking // e ] Lo : o /. £ mhayf High population density g ™
: | ¥ & ' " § o= iy
eisngnt “Leaifierheag | gni ' < 3
!E:i'sl'f A uf?j:[: nEﬂir!ghaﬁil i ] .-c:q'la:';.‘;l:'ni £ Gl | bSBU_BI'!.E'ak_! Il'fﬂli:lﬁtund" cﬁnrﬂfd. BGMapCreator CASA - Terms of Use
Cone @) G Internet w100% -

Centre for Advanced Spatial Analysis




TIMES
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July 28, 2008

Pedal power challenges car culture as
cyclists seize Los Angeles freeways
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The model sits lies at the core of a process of chaining models
together built by different groups and coming from
different traditions

MoSeS _l

UK I-O Model .....................

Global Climate
Models

I ¢

GIS Network _—> Pop Site Model
Routing
¢ v
Emissions Flood Models ¢ Local Climate
Modelling
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Structure of the SIMULACRA Suite of Models

Our models begin with those like TRANUS, MEPLAN, to an extent
IRPUD and so on — they are potentially quite detailed in terms
of disaggregation — the current one is 5 employment types
and 5 population types, 4 transport modes and so on —
although the one that we will show is the most aggregative

They are essentially input output structures but with the flows
being between conventional quantities such as types of
population, employment, other sectors such as education,
shopping and so on

They differ from all these models in that they contain exogenous
totals that can be exogenous in space and time, thus enabling
the model system to distinguish between movers and stayers
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This suite of possible models — the suite is called SIMULACRA — |
won’t unpack the acronym — it does unpack in more than one
way — is given as follows and a more detailed specification is
given in:

M. Batty (1986) Technical Issues in Urban Model Development : A
Review of Linear and Non-Linear Model Structures, in B. G.
Hutchinson and M. Batty (Editors) Advances in Urban Systems
Modelling, North Holland Publishing Company, Amsterdam,
133-162.

The model structure that we have under construction essentially
has two sectors — population and employment —and it is
structured as a spatial I-O model with the flows being
modelled using mode split spatial interaction submodels
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The exogenous inputs are both from previous time periods and
from external forecasts
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The Residential Location Model

e jis formulated 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.

e 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.

e 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
Inferact T A, exp(— A"
ntecracltion: :
N z A, Zcxp(—/
I exp(=A"te
Mode split on each link: Umzz = i =y ; ‘)
. exp(—A""¢;77)
- ZTm - Zexp(—ﬁm:lc;?:l)
Total Mode Split: — = = —
7" ZT ’ Zexp(—/t ey )
ij
Residential Location: P, = ZT;
And it is calibrated by solving the associated maximum likelihood
equations which you can find in my book
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e Thereis 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

e The model package is structured as a sequence of:

1. Data exploration
2. Model calibration and validation, and thence
3. Prediction

e At each stage, the user can engage in extensive analysis of
data, calibrated outputs, or predicted outputs

e This version model is calibrated to mean trip costs

e 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 Use Transportation Model

o ‘:- o) Cities Research Programme

gh ‘Centre

for Climate Change Research

This pragram is a rudimentary land-use transportation modsl
bt along classical lines which allocates population and
employment to small zones of the urban system. 1T Uses
spatial interaction principles which bind the population sector
{residential or housing) to employment sector (wark or
industrial and commercial) through the journey to work (wark
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 dimate change on small areas in this
retropalitan region. In particular rises in sea level and
pollution are key issues. and as such the model sits between
agqgregate assessments of environmental changes
associated with glabal and regional climate change models
and environmental input output models, and much mare
disaggregate maodels related ta the detailed hydrological
implication of long term climate change.

The programme enables the user 1o read in the data and
explore it spatially, to calibrate the parameters of the model
and explore its autputs spatially and to engage in various
predictions ranging from the typical' business as usual
scenarios' o much maore radical changes posed limits an
spatial behayviour which either result from climate change and,
or mandated by government. The predictions and scenarios
are intended to go out 1o 2100 and thus the model is largely
designed as a sketch planning toal.

These various stages of the model contained in a master tool
barwhich is activated when the GOl 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

rnap and statistical form at any stage.

with GLAECONOMICS

LONDON | ¢

Centre for Advanced Spatial Analysis h




B Master Tool Bar I‘:'_E_Sg .i
Explare Data »> Calibration > ‘ ‘ ‘ ‘ - Quit
B4 Reading in Data E=EER)
Population. Employment and Floorspace Data
I T Oridin 2 S : o
Employment Qrigin Zones B33 Click Here to Complete
: . the Input of Data Directly
Population Destination Zones 15893 s 4
Fead Employment Data ok 8 [ B =]
ok, 10217 -]
Ok Floorspace Data ﬂ
Physical Line and Area Data
(] 4 |Z-:ne& j #-Centroid [l
“r"-Centroid hd
] 4 |F'0I_I,Jg0n ﬂlX-Coordinate ﬂ
W m |Y-I:00rdinate ﬂ
IZDI"IB frea ﬂ
Travel Data OK  |Zoneitoj  ~|[/ObservedTips | Zones: 633 Wards in 2001
|Mean Trip Length 22.40 Ok |Zone itoj ﬂ|Distance-Eost ﬂ |E ﬂ |Heathmw Yilages ﬂ |Hi||ingd0n ﬂ
Click 1o Redo the : Locate Zone
: ; : : Click Here If
Displaying the Physical Ma :
Peyingd ¢ b Graphlos YouWish to Clear Zone Hodes
Close This
Imterface

Centre for Advanced Spatial Analysis




Explore Diata >

Calibration »» ‘

{General)

Dirm idzone

Private Suly
Dim ZZ Lz o
Title = "ir
OldFile = T
Open O1ldFil
n o= 633

. {(General)

wm| Reading in Data

HE

ﬂ|EmpIo_l.Jment Data

[ ]

|Zone

ﬂ|F‘0pulati0n Data

KN

633
633
| 0K [Zone
oK
oK

|Zone

LJ | Floorspace Data

Lo

QK. Zohe - ; ‘

|Zones ﬂX-Centmid =l
-Centraid hd
|F'0Iygon LJX-Eoordinate i
"r-Coordinate =

Zohe Area -

Modes
Road

Dim ModelR

Priwvate Sul
Dim A (1000)
Dim TTPred|

[Immediate

|Mean Maodal Trip Cost

i b | jlﬂbsewed Trips

Zones: 633 Wa

ds in 2001

hean Cost by Mods

3282082
16.67022
93.76652
31.98717
57.97032

Bus
Heavy Rail
Light Rall
All Trips

i b | leistance-Cost j

o the

Click Here If
You Wish to

Close This
Interface

|6 | |Heathrow Viuaa\s

Lozate Zone

Clear Zone Modes

| [Hilingdan

|Data Imput Haz Been Completed

ject1 {ProjectZ.vbp)

1y Start

TOe?BErcocooe

@ Fipaie Shap Pro

Centre for Advanced Spatial Analysis

r-"ﬁ'ﬁ Projectl - Mic... r_iii Master Tool Bar

Farms

B3 Farmi (Farmi . fem)
B3 Formio (Farmio. e
B3 Formit (Formil.Ferr
B3 Formiz (Farmiz. e
B3 Formiz (Formi3.Fer
B3 Formi4 (Formi4. e
B Formis (Formis.fer
B Formie (Formie.Fer
B Formi? (Formi?. e
B Formis (Formis.fer
B Formig (Formig.Fer
B Farmz (Formz. frm)
B Formzo (Formz0. Frre
B Formz1 (Formz1.Frre
B Formzz (Formzz. Fre
B Formz3 (Formz3.fre
B Formz4 (Formz4.frre
B Formzs (Formzs. frre
By Formza (Formzé. fri
B Formz? (FormZ7 . frm
B Form3 (Form3. frm)
B Formd (Formd, frm)
B Forms (Forms. frm)
B Formé (Formé., frm)
B Form? (Form? . frm)
B Form@ (Forma, frm)
B Form? (Form@.frm)
Maodules




oL 5 [

Project2.vbp)
Forml.frrm)

EmpPop Origin Access  Dest Access EFU”“ID';”“;
Farm1l.Frm
|Dumrn_l,J L] |Fload |Desl»’-‘«ccessibility ﬂ {Farmiz Frm)

(Form13.Frm)
(Form14.Frm}
(Form15.Frrm)
{Form16.Frm}
(Form17.Frrm)
{Form13.Frm}
(Form19.Frrm)
Formz.frm}
(Formz0.Frrm)
{Formz1.Frm}
(Formzz.Frrm)
{Formz3.Frm)
(Formz4.Frrm)
{Formz5.Frm) o
(Formz6.Frrm)
{Formz7.Frm}
(Formza.Frm)
Form3.frm)
Form4.frrm)
Forms. frm)
Formé, frrm)
Zones: 633 Wards in 2001 PuiEn )
Forma. frrm)
Form3.frm}

|Zone :J |Ward j ]Borough ﬂ 1 iModulel bas)

Locate Zone

Clear Zone Modes

|Data Input Has Been Completed

w i,  BELD 3w G ol b T e

Centre for Advanced Spatial Analysis




Accessibility from the LUTM model

Many different accessibility

measures, 8 in all [T ——— NE

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

zone j which in this case 15 where the population PJ 15 located. A4; is the
area and hence { & /4] and (Pj-fﬂj) are densities. Ty iz the trawvel cost

from origin zone i to destination zene 7. O is the mean travel cost with all

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

Absolute Potential Dotential Denity
-1 &
=T B Vi =3, (Bl Ay
Benefit Density
Absohite Benefit - B(;niﬂf;mﬂ i
o i — 3 - e —
Vi= 2.5 emplcy IC) § =2, G 1Ay explcy

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

{Tnverse) (Inwverse)
Absolute Travel Cost Weighted Absolute Travel Cost
-1 -1
» H=(ZJ,-C;]:' V:'=(EJ-P}'C'3')
{Tnverse) Weighted Population
Absgolute Travel Cost Density within Mean Travel Cost
Fi= ZJ. (PJ.- fAJ- )c:l-i.- Fi= ZJ. PJ- Jorall cp =C
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. Reading in Data

Input Prediction Routines | kprojectz.vbp)
Scenario Farm1.frim)
Data Long Term Scenarios Based on the Impact of Changes in Employment. Residential Floorspace, and Transport Costs {Form10.Fron)

(Form11.Frm)

Seenario from File Predictions with the model involbve forecasting the location of small area Finally the travel coston any link by amy maode from one zone to anather can be EEE;QE:Q;

populations and the trip pattems associated with the four modes used to changed using the same method. An arigin and then a destination zone need to {Form14.frm)

S distribute employrment as population to these small (residential) areas. This be clicked and then reduced or increased trawvel cost (by up to 100 percent) {Farm1s.frm)

Emplayment involves changing the input variables - employment and residential floorspace made using the slider bar. The user must choose the mode each time and the {Form16.frm)

. Changes | by small area, and the travel costs associated with each mode of transpon, program then recomputes all the shaortest routes implied by these changes {Farml 7. frm)

= which in turn imply changes to the transpor infrastructure. The user also has once the changes are accepted. {Form18.frm)

| control owver the parameter walues on the friction of Trawvel Cost or travel cost {Form19.frm)
associated with each mode. This can be changed inwalue to reflect changes in The userthen proceeds to run the model as for the 'Scenario fram File! Formz.Frm)

' the average Travel Costor costtravelled on each mode. option and ance this is done. the outputs can be visualised using the {Form20.Frm)

same system for exploring the data and calibration results. {Formz1.frm)

Users hawve a choice of inputting & preset scenario in which all these variables (Formzz.frm})

are changed exogenously or a process of changing these variables (Farm23.frm)

Run interactively, on screen. The interactive process can involve many thousands {Form24.Frm)

Scenario of changes and is probably best used to input data which reflects "what-if' {(Formz5.frm)

Model scenarios which require a small number of rather simple changes in the inputs {Form26. frm}

reflecting substantial or radical change. {Formz7.Frm)

(Formza.Frrm)

By clicking the 'Scenario from File' buttan in the toolbar to the left, a preset Form3,frm})

scenario is loaded and the user is then taken to the pointwhere the model must Forrm4, Frrm)

More be run, Alternatively if the user clicks the Employment Changes button, the user Forms. frm})
Scenario activates a screen where each employment zone can be identified by pointing Forme, From)
R the mouse at it and clicking. Then the user can use a slider bar ta increase the Form?.frm})

i L walue of employment in that zone by up to 100 percent or decrease it by up to Form, Frrm)
100 percent. As many zones as required can be changed using this method. Form®.frm})

Wrhen 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 relewvant button from the
toolbar to the left.

1 {Modulel.bas)
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[ Predict lil B3 Prediction Routines ——
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Run
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For a movie of all this go to our web site — this is 3 years

old so it has changed a lot since then but it suffices
http://www.casa.ucl.ac.uk/transportmodel/transportmodel.asp

Internet Explorer
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And now a little bit more about the model ............looking
at the version we are currently building

Centre for Advanced Spatial Analysis




The Economic-Energy Focus

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

e |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

e 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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e The model is built around variances between monies available
for travel and housing and the actual costs of these as

Interaction:

" - E A;exp(a p;)exp(— A" Cy exp(—L(p,(w)— ?, ) exp(—p(e, (u)—cy)
y Z A exp(a p,)exp(— L(p,(w)— p,;) Zexp( A" C; "yexp(—pfc, (u)—cg)

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

e 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 atincomes where people live and wages where

people work

&, Economic 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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& KMLFiles (=13
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Gaogle Earth KML File
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@ Publish this folder to the
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Google Earth KML file
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input and output data R
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e What is impressive about this 3 i comner

= Google Earth KML file
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Road Interzonal Trip Flow Map
from Zone &
Google Earth KML file

is that the speed of doing all

Wages
Google Earth KML filz
1,435 KB

@E @0 @L @C L @L DE

this is not slower than the

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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e Energy Changes: Rising Costs of Transport

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

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

e |f 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

e We will show some screen shots of the model doing this
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MASTER TOOL BAR: The London and Thames Gateway Land Use Transportation Model
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Loss of Population from the Suburbs to central City —i.e. Big
increases in travel costs on the road lead to compacting
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The Impact of Fares-Free Public Transport
Upon Urban Residential Location
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e The following figures show what happens if gas costs rise by
100% i.e. double

% Compute-Display Key Differences Between Calibration-Prediction g@ E|

Shifts in Population: Blue Declines. Red Increases

Mode Observed Percent Shift
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Integrated Assessment using Sketch Simulation

e | 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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This particular version of the model is being extended in a
second phase of Tyndall under the ARCADIA project
http://www.ukcip-arcc.org.uk/

dlfCC

Home ARCC MNews &events Project Summaries Getinvolved Coordination Network zedrch this site..

Project: ARCADIA

Project summaries ARCADIA: Adaptation and Resilience in Cities: Analysis
and Decision making using Integrated Assessment
ARCADIA
Prof. Jim Hall, Hewcastle University
ARCC-Water
AIM: To provide system-scale understanding of the inter-relationships

BIOPICCC between climate impacts, the urban economy, land use, transport and
the built environment and to use this understanding to design cities that
COPSE are more resilient and adaptable.

Login

FPassword?
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Next Steps

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

e Building the extended set of sectoral models
e Building in market clearing and some simple dynamics
e Extending the energy use to locational factors

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

e Specifying movers and stayers through the exogenous inputs
and tying these to past model outputs
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Questions?
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