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Outline
The Context: Climate Change London

Requirements for Modelling: Simplicity,
Communicating Simulation & Prediction, Robustness

The Integrated Assessment: Strings of Models
The Land Use Transport Model
A Demo of the Model

Climate Change in London: Integrated Assessment

Next Steps
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Location in Europe and the UK:

South East England is the wider megalopolis, Greater
London is the 33 boroughs with about 7.7million
population
Our study so s
far focuses on 2- A
Greater S
London but will v
be extended to e S
the wider e
region in the & Co
next phase e
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The Context: Climate Change in London: Flooding & Pollution
Mainly along the River Thames and Its Estuary




The Thames Barrier built from 1978 to 1984 in operation, likely
to be ineffective now by 20407 due to new predictions of sea
level rise but this is highly debatable ...
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Types of Prediction and Types of Models

The time horizon — short term to long term; obvious
uncertainties

In general the longer the time horizon for prediction, the
greater the uncertainty that detail in the model is
required.

Longer time horizons, simpler models

More robust models — an overused word — hardly every
defined — but little point in developing very detailed
and intricate models which require huge data
resources for very long term forecasting when detailed
data inputs are needed to forecast independently

: \. Centre for Advanced Spatial Analysis d




Requirements: Simplicity, Accessibllity,
Robustness

The model we will demonstrate here is for very long time
horizons — for 50 or 100 years when there are quite
well established predictions of physical change —
climate change, in our case rising sea levels.

Thus the model is comparative static — to forecast small
area population change that we assume adjusts over
50 or 100 years. Contestable of course.

The model also needs to be intelligible to a wide variety
of professionals and experts as well as informed
stakeholders. These stakeholders are uncertain, who
are they and how do they interact with the models?

& i Centre for Advanced Spatial Analysis h




The Integrated Assessment:

Our part in the integrated assessment is a land use
transport model to forecast small area population
change in Greater London as part of a series or
sequence of models designed to explore how more
global economic change translates into change in
population and how this is affected by rising sea levels.

The land use transport model sits between the aggregate

economic modelling and more detailed flood modelling
at the local scale.

Here is the sequence of models and we will return to this
sequence once | have outlined the LUTM & demoed it

& i Centre for Advanced Spatial Analysis h




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

Global Climate
Models

UK I_O Model ‘E.‘ .....................

Pop Site Model

O

Emlsspns Flood Models [
Modelling

Local Climate

The LUTM is in two layers — activity allocation and
physical location
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The Land Use Transport Model
Exogenous Endogenous AR =
Population T Employment | |
Activity _' Endogenous Exogenous
—— Population ||| Employment |
Layer , .
LT?Q/?SU;? Commercial- || | Industrial-
P Offices Manufacture | -
Layer x -
Residential- | | | Retail- ) | : :
Housing Shopping :
Public Sector
- - Uses ‘_ -
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The model is simple, highly visual — so that any informed
expert can use it or at least it can be demoed easily.

It is strongly coupled into GIS as mapping is central to
the visualisation — in fact all the GIS is purpose built

It is accessible, immediate and capable of being demoed
quickly

It is quite different from many of the current large scale
LUTM models like UrbanSim, more aggregate

This doesn’'t mean it is better, far from it. It is different
and designed for a very different purpose. It is
designed to give structure to the process of very long
term forecasting and scenario setting

The easiest wayistodemo it ....

: \. Centre for Advanced Spatial Analysis d




shots first

il London and the Thames Gateway Land Use Transportation Model

To give a flavour of the model, | will show some screen

‘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 systern. T uses
spatfial interaction principles which bind the population sector
(residential or housing) to employment sectar (work or
industrial and commercial) through the journey to waork (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 atward level - 633 in all - so that it can be usedin a
wider process of infegrated 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 ruch 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
explare it spatially, to calibrate the parameters of the maodel
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 [argely
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 ool 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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[ Master Tool Bar

=@ %

Explore Data >> Calibration >>

I

[ Reading in Data

Population. Employment and Floorspace Data

Physical Line and Area Data

oK Zone v
]Zone Area Ll

Travel Data

|Mean Trip Length 22.40

Displaying the Physical Map

10217

Floorspace Data ﬂ

[DK ]Zones _v_”X-Cenlloicl hd
|Y-Centroid hd
IDK IPongon :J X-Coordinate ﬂ
Y-Coordinate _v_l

[DK ]Zone itaj _v_”Dbserved Trips _vJ

Zones: 633 Wards in 2001

[D K lZone itaj L”Distance-Cost L]

Click to Redo the
Graphics

Click Here If
You Wish to

Close This
Interface

s

_:] IH eathrow Villages

Locate Zone

Clear Zone Nodes

_v| |Hilingdon |
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‘ Explore Data »» Calibration »» ‘

= Reading in Data

jectl {Project2.vbp)
Farms

B3 Farmi1 (Farm1.Frm)
B3 Form10 (Form10, frr
B Form11 (Formid Frre
B Formiz (Formiz, frre
B Formia (Formil3 Frre
B3 Form14 (Formi4,Frre
B3 Form1S (Formis Frre
B Formis (Form16.frrr
B9 Form17 (Form17 frr
B3 Formis (Form1s. frr
B Form19 (Formi19,frre
B Farmz (Formz. Frm)

B Formz0 (Formzo, Frre
B3 Form21 (Form21 Frre
[ Formzz (Farmzz2 Frrr
B Formzs (Form23.frm
B3 Form24 (Formz4. frr
B Formzs (Formzs, Frre
B Formze (Formzé, Frre
B Form27 (Formz7 Frre
B3 Form3 (Form3.Frm)

[633
[633

‘ QK |Zone j|EmpIo}lment Data ﬂ

‘ Ok |Zone ﬂ|F‘opuIation Data j

b ‘ ak |Zone ﬂ|FI00rspace Data ﬂ
{General)

Dim idzone

Private Su
Dim ZZ As 3 ‘ ‘ (]9 |Zones ﬂ|><-Centroid

Title = "An -Centraid -
OldFile = ﬂ
‘ ‘ ak |F'0Iygon ﬂ|><-Eoordinate ﬂ

L«

Open Q1dFi
n = 633

= oK [Zome = L v-Coordinate hd B3 Forme (Form4., Frm)

B Farms (Farms. Frm)

Zone Area | T M O d eS B3 Forme (Forme. Frm)

ra B Form7 (Form7.Frm)
Road Litoj  v|[Obseved Tips ]  Zones: 633 Wards\in 2001 B3 Form (Formé frm)

{General)

Dim ModelR |Mean todal Trip Caost

B Farmd (Forma. Frm)
Modules

B u S Eitoj ﬂlDistance-Eost j |B j |Heathr0w Yilages \ j |Hi||ingd0n j

an Ciost by

Private Suly 7 e 0ae i
Dim A{10003) 1667022 // Heavy Rall dothe| =ik Here If Locate Zone
Dim TTPred| 99.76622 h¥5'|ga 1 1
. Y nght Rail [= You Wish to
5797097 g AII T . Close This Clear Zone Modes
rl pS Imterface |Data Input Has Been Complated
T

Road: 38%; Bus: 12%: Heavy Rail: 12%: Light Rail 19%; Other (Walk, Bike, Fly): 19%
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‘ Calibration > ‘ ‘ ‘

o Alls

i & Accessibility Indicators

Project2.vbp)
Forml.Frm)

EmpPop Origin Access Dest Access EFDrmlD.:rm;
Formil.frm
|Dumm_l,l ﬂ |Hoad - |Dest Accessibility ﬂ {Farm12.frm)

{Form13.Frm)
(Forml4.Frrm)
{Form15.Frm)
(Formle.Frrm)
{Form17.Frm)
(Form1a.Frrm)
{Form19.Frm)
Farmz. Frrm)

{Formz0,Frm)
(Formz1.Frr)
(Formzz.Frm)
(Formz3.Frrm)
(Formz4,Frm)
(Formz5. Frrm)
(Formz6.Frm)
(Formz7 . Frrm)
(Formza,Frm)

Farm3. Frrm)
Formd, Frm)
Farms. Frrm)
Formeé, Frm)
Zones: 633 Wards in 2001 Farmz fim)
i Forma, Frm)
Farma, Frrm)
|Zone j |Ward ﬂ |Eorough j 1 {Modulel.bas)
Locate Zone
J Clear Zone Modes

|Data Input Haz Been Completed
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Centre for Advanced Spatial Analysis




= Master Tool Bar

u| Predict

Input
Scenario
Data

Scenario from File

e ]
i Changes

Run
Scenario
Model

|

More
Scenario
Runs ...

= Prediction Routines

Fredictions with the model invalve forecasting the location of small area
populations and the trip pattermns associated with the four modes used to
distribute employment as population to these small (residential) areas. This
invalves changing the inputvariahles - employment and residential floorspace
by small area, and the trawel costs associated with each mode of transport,
which inturn imply changes to the transport infrastructure. The user also has
control ower the parameter walues on the friction of Trawvel Cost or trawvel cost
associated with each mode. This can be changed inwvalue to reflect changes in
the awverage Trawvel Cost or cost travelled on each mode.

Users hawve a choice of inputting a preset scenario in which all these variables
are changed exogenously or a process of changing these wariahles
interactively. on screen. The interactive process can invohse many thousands
of changes and is probakly best used to input data which reflects 'whatif'
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
scenario is loaded and the useris then taken to the pointwhere the model must
he 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 atit and clicking. Then the user can use a slider bar to increase the
value of employrment 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
dewveloped. a button accepting these changes can be clicked. The same can
then be done for floorspace activated by clicking the relesant buttan from the
toolbar to the left.

g@@ Project2.vbp)

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

Finally the trasvel 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 to
he clicked and then reduced or increased frawvel cost (by up to 100 percent)
made using the glider 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 bevisualised using the
sarme systerm for exploring the data and calibration results.

Forml.Frm)
) (Form10.Frrm)
{Form11.Frm)
? (Formlz.Frrm)
5 (Form13.Frm)
(Forml4.Frrm)
5 (Form15.Frm)
b (Formle.frrm)
¥ (Form17.Frm)
5 (Formla.frrm)
U (Form19.frm)
Farmz. Frrm)
) (Formz0.Frm)
(Formz1.Frr)
P (Formz2.Frm)
5 (Formz3.Frrm)
(Formz4,Frm)
5 (Formz5.Frrm)
b (Formz6.frm)
¥ (Formz7 . Frrm)
5 (Formza.frm)
Farm3. Frrm)
Formd, Frm)
Farms. Frrm)
Formeé, Frm)
Farm? . Frrm)
Forma, Frm)
Farma, Frrm)
1 (Modulel.bas)
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B Predict 3 (5. Prediction Routines = Lo

Input Interactive Input of Changes to Click Button to
Scenario Employment-Origin Zone Data Accept Changes Click
Data ] Here |
Point Your Mouse at the Zone You _ A
Scenario from File WWish to Change and Click ‘? Y5
Use Slider to Input Percentage % ’ e QP IES
Eali:'O}'menl Change for Zone 6 6 %‘?‘?‘t‘,ﬁ‘%&ﬁ?@ﬁfggkﬂ
= = ;43%\%§%§$gk§%%%§3%%‘ 2
A0 o New TR e g 2
gﬂfa-ﬁif Ensslimes Rt
LR A O e
b au—*ﬁl 4 y,i Iy 5
T aa W & 585 ==
Zone by Borough Name Rd
Run 2 Observed Employment v
Scenario Scenario Employment T
Model =
0ld Employment in 6 is 86962

7 ' ~— New Employment is 173925

More
Scenario
Runs ...

Updated Employment So Far
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B Predict | 2% |

Input
Scenario
Data

Scenario from File

Distance
Changes

Run
Scenario
Model

RunModel

More
Scenario
Runs ...

[ Prediction Routines

(=] B |

Interactive Input of Changes to
Origin-Destination Crow-Fly Distances

Click Button to

. Here
Point Your Mouse at the Two Zones Whose

Link You Wish to Change and Click

Use Slider to Input Percentage
Change for Zone 6 to 219

Accept Changes Click

Zone i to Zone |

Observed Distance

Scenario Distance

0Old Distance from 6 to 219is 35
New Distance is 7

Updated Distances So Far

Let us run the model... | need to go to my folder...

Centre for Advanced Spatial Analysis




For a movie of all this go to our web site
http://www.casa.ucl.ac.uk/transportmodel/transportmodel.asp

{2 UCL Centre for Advanced Spatial Analysis - Windows Internet Explorer

B
viGgmoedD M~ & B » o i ¢y Bookmarksw |Q Papups 0kay| "% Check v () settingsv
-8 -B-85 0

v|¢, x|

Fle Edt View Favortes Tools H @ Google (G~

i:f ke [ @ UCL Centre For Advanced Spatial Analysis

L CENTRE FOR ADVANCED SPATIAL ANALY SIS
\ND USE TRANSPORT MODEL FOR LONDON

Search CASA's site

A LAND USE TRANSPORT MODEL FOR LONDON Research Programme 6: Cities
Mewcasth, Lewds, UCL, Loughborough, Cambridge, Manchester
We are building a land use transport model as part of the Tyndall Centre for Climate Change Cities Project. This model sits in a
sequence of models that are listed in the attached panel on the right. This begins with an econometric model - an environmental wL
input-output model which generates employment totals (as well as many other economic indicators for Greater London and other | E -
nvironmental Input-Output

large regions in western Europe) and these are then input into our land use transport model through a scenario generator. Our own
madel simulates the location of the residential population as a function of this employment, floorspace and generalised travel cost.

The model is currently, in the jargon, a partially constrained spatial interaction/residential location model disaggregated by four |

modes of transport - road, heavy rail, light rail {tube and DLR) and bus, with walk-cycle-other the fifth residual mode. Scenariﬁfeneratar

The model is highly visual as we are motivated to make the entire modelling process as transparent as possible. Moreover to verify

the data and to interpret the spatial structure of the metropolitan area, we need as much visual synthesis through maps and graphs Transpoﬂ Network Generator
ABOUT as possible.

EVENTS

PEOPLE If you click on the button below, then this will launch a movie which takes you through the sequence of stages from input data to
BLOGS calibrating the model to using it for predictions. When you load the movie, occasionally you may need to resize your window to see

WEBSITES the full extent, as the movie was made for 1280 by 800 screen size. | Urban Deve'opmem Allocator
1

Land Use Transport Model

PUBLICATIONS
RESEARCH |

MOVIES | Flood Models

SOFTWARE Click Here to Launch the Movie Ap

CONSULTANCY i =

\

At each stage - input, calibration, prediction - the user can explore the data in map and graph form and at the prediction stage, the
user can alter the data on the fly — adding new levels of employment and floorspace and adding or changing the generalised costs of

Q
different transport links (for any of the four modes). We have not written any papers on this as yet =o the movie of how the model | n d a | | ' e n 't re
works is the best you are going to get at this stage. There is a general paper on the process of integrated assessment that you can in

fact download by clicking here

In fact what we hope to do is to add to this movie, with movies of the scenario generator, the trip and generalised cost computations



http://www.casa.ucl.ac.uk/transportmodel/transportmodel.asp
http://www.casa.ucl.ac.uk/transportmodel/transportmodelmovie.html

You can find more about the Tyndall Cities Project on the
Tyndall Web site

http://www.tyndall.ac.uk/research/programme6/

Tyndall’Centre™

for Climate Change R ch

Homepage : About Us : People : Research : Publications : Events : Mews : Partnerships : Contact

Engineering Cities
... how can cities grow while reducing vulnerability and emissions?

Almost 50 per cent of the world's population live in cities, increasing to 60 per cent by 2030. As a result of this, urban
emizsions will be an increasing driver of global warming. At the same time, urban areas, particularly in coastal regions in
the developing world, are wvulnerable to climate change and its impacts. In turn, these impacts induce energy-intensive
adaptations =uch as air conditioning, pumped drainage or desalination. The mitigation of these impactz and sustainable
options for adaptation in vulnerable cities require integrated strategies involving key stakeholders. Ultimately, we want to
understand more about the effects of climate change on cities, the causes of greenhouse gas emissions from urban areas
and assess the effectiveness of alternative approaches to mitigation and adaptation.

Our research combines generic dewvelopments intended to be widely applicable with place-specific studies to provide
convincing demonstrations and to engage with stakeholders. We are working with stakeholders in London and cities
elsewhere to define policy questions not addressed by other initiatives, to provide a vision of future urban strategies for
mitigation and adaptation, to understand decision-making processes, and to access datasets and collaborate with
researchers from other climate-related initiatives.

Together, these tasks will mean that stakeholders and researchers will understand more about the systemic effects of
climate change on cities, will have new insights into greenhouse gas emissions from urban areas, and will be able to
conduct model-based assessment of the effectiveness of alternative strategic approaches to mitigation and adaptation.

Programme Leader: Professor Jim Hall, University of Newcastle-upon-Tyne

But there is a launch event in London October 16t 2009
at the GLA .....
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http://www.tyndall.ac.uk/research/programme6/

Ok let me step back and tell you more about the
Integrated assessment:

 The Aggregate Economic Forecasting

* The Scenario Generator

« The Transport Network Analysis Module
« The LUTM

 The Local Development Model

 The Flooding Models

 The Aggregate Emissions Models

| am going to sketch just two of these models to give a
sense of how they are integrated

: \. Centre for Advanced Spatial Analysis d




Let us unpack the LUTM process as there are really four
types of models/analytical tools here

l

Scenario
Generator
Generalised
_’ b |
Travel Costs LUTM 3

| l

|

|

|

|

L Local :
|

|

|

_______ Development




[do-s0
[150- 100
[ 100 - 150
B 150 - 200
I 200 - 250

Light Rail Generalised Costs from Heathrow Ward (minutes)
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[Jz¢-50
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The ArcGIS Interface

* Reflect the cost of travel including: j'
— Monetary costs Congeston Cherge: [ 05 Canc 1T =]
_ Time v s tavrt [T B

- Differing calculations for public z:)m;:;::;:s:: _
and private transport S =

» Includes policy drivers: I -
— Cost of fuel oetace e[ Tt i <]
— Road user/congestion charging L5005 —
— Ticket costs -
— Service frequencies .:;km;. I—

 Allows modelling of both treer .
geographical and economic costs o | _coma |
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Accessibility from the LUTM model

Many different accessibility measures, 8 in all

~ MASTER TODL BAR: The Landon and Thames Gateway Land Use Transporiation Model =TS - [ofx]

= Help: Accessibilities Defined

{
i3
g

Accessibility measures are computed with respect to the origin zone §
= Help: Accessibilities Defined
EmpiPop [Snom Acoess v] Origin Access Dest Access Accessibility measures are computed with respect to the origin rone i

E S ] [Fetonris] <] [raena =] | | whch in s case s where the emplopment £ i locared, or the destinstion
zone J which in this case is where the populstion 5 is located. 4 iz the

which in thiz case 15 where the employment &, 1z located, or the destination

orea and hence ( 5/ A4) md (Fi4,) are densities cgia the iravel cost
from origin zone i 1o destinanion zone j. T ir the mean wavel cost with all

these cost epecific to each of the four modes. We show all these sccessibility
messures for the erigin 1 Tone.

zone ;j which in this case is where the population F_’j 1s located. 4; is the

area and hence ( 2/ .A4;) and (PJ,-J’AJ,-) are densities. Ty 1z the travel cost

Abszolute Potential Potential Dengty —
neE b T A from origin zone i to destination zone . O is the mean travel cost with all
Absohse Bencf Benefr Densey

U,:Zj[giﬂj)crpi:r,lf._')

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

V= I, B emlocy IT)

These benefs are propormonsl to the log suew benefits which aee he log cfthese ™

Abashie T o Siiied At e Cos
R =B GONGIEN
[Daia rged Has Bawn Conpheied
V=3, By expl-cy IT) Vi =20, (1 Ay exp=cy 1 T)

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

> {Inwerse) (Inwerse)
Abzolute Travel Cost “weishted Absolute Travel Cost
-1 -1
P;=':EJ-C§:':' E}G':(ZJ-E}C;')
{Inwerse) Weighted Population
Absolute Travel Cost Densiby within Mean Travel Cost
V= ZJ. (P"J, J‘AJ-}::!-J,- Fi= ZJ. PJ- Jar all oy 2 =
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| Accessibility Indicators

. Accessibility Indicators

Emp/Pop [Show Access -] Origin Access Dest Access o o
ot Dorc =] [Tobo e e =] [T <] oro - Emp{Pop |Shnw Access vI Origin Access Dest Access
IEmpIn_l,lment Densll IFh:uau:I LI IEenefit Density LI bz Potential

Centre for Advanced Spatial Analysis



Further work on networks

From our London database project which Andrew Crooks
and Duncan Smith talked about this morning

Bring the data in-house | [z
Currently we have the

"0\

'\: \ k""fﬂ ‘*\'\\‘ICQ

Minutes delayed per km

s Greater than 1.5

—1 t0 1.5

e ().5 %0 1

——=0.25t0 0.5
Less than 0.25
No Data

Road system in good
Detail with speeds etc
~ From TfL
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The local development model

GIS layers at 50 metre resolution

¢ ASE 7

_urrent \Waker

[ ]

Zurrently Developed

Planning Constrained Land

Title

Area Vulnerability




Extending the formal project

The roll out of all these models will be accomplished in a
second phase of Tyndall which in fact is financed not
by NERC but by EPSRC under the ARCADIA project
http://www.ukcip-arcc.org.uk/

—_— gssword: Login
r Lost Password 7

Home ARCC Mews & ewventz Project Summariez  Get involved Coordination Network search this site...

Project: ARCADIA

Project summaries ARCADIA: Adaptation and Resilience in Cities: Analysis

and Decision making using Integrated Assessment
ARCADIA

Prof. Jim Hall, Newcastle 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.

Centre for Advanced Spatial Analysis



http://www.ukcip-arcc.org.uk/
http://www.ukcip-arcc.org.uk/
http://www.ukcip-arcc.org.uk/

Next Steps
Extensions to the Gateway
Extending the model to generate employment

Disaggregating the Model to five population and five
employment groups

Developing the Land Use Constraints
Developing feedbacks from transport to land use

Extending the transport costs and travel time to
Incorporate explicit energy use

Extending the location models to incorporate energy use
In work and home .......
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Thanks, Any Questions?

Look at

http://www.casa.ucl.ac.uk/transportmodel/transportmodelmovie.html

Centre for Advanced Spatial Analysis


http://www.casa.ucl.ac.uk/transportmodel/transportmodelmovie.html

