Urban scenarios to inform climate policies:
a case study on Paris urban area
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Building world narratives for climate change impact,
adaptation and vulnerability analyses
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Need for local scenarios: Urban forms matter for
greenhouse gas emissions...

The Built-up Area of Atlanta and Barcelona Represented at the Same Scale
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Temperatures are higher in

Need for local scenarios: Urban forms matter for
climate-change vulnerability...
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especially at night.

Example of the 2003 heat
wave.

This effect depends on urban
forms (density, parks, etc.)
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Modelling urban form over the very long term?

= Standard urban economics modelling (Alonso 1964, Mills 1967, Muth 1969)

= Three mechanisms :
1. Household tradeoff:

e Lower transportation costs and shorter commuting time when living
close to the city center; and

e Larger dwellings and lower rent per square meter in remote areas

2. Investors optimize housing density as a function of rents and
construction costs.

3. Different evolution timescales for rents, population density, buildings etc.

= Simplifying hypotheses :
» All households have the same income;
» One trip per day towards the city center;
» One city center.
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VALIDATION ON 1900-2010
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Paris built area, 2006
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Validation process

We run the model from 1900 to 2010 using:
« Data on population;
- Data on average income,

« Data on transportation cost, speed, and localization;
 Construction costs change like income.

@

. R - . @ "
"‘ \“-L._ * ; - ' v /'{ » wE
* - ot I .‘EtamPES

L™
m UNITF: MIXTE DE RECHERCHE
July 11, 2011 EHESS ET CNRS - UMR 8568

L i P x 79
~i*n T e L% s ] - %
l\? - i j‘! § .4 4 l * M F'Y f
J




Model dynamics validation on the built area, 1900
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Model dynamics validation on the built area, 1960
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Model dynamics validation on the built area, 1990
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Model dynamics validation on the built area, 2006
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Validation on local rents

Monthly rent as a function of distance
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Validation on local density

x 10* Density as a function of distance
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2010-2100 SCENARIOS
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Main hypotheses

4 world scenarios with two dimensions:
» Tensions on fossil fuel markets (resources, population, technology)

15

» Ambitions of world climate policies.
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Average cost to do 1km in private vehicle

Techo-economic scenario from the ImaclimR model
Exemple: private vehicle cost and oil prices
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Main hypotheses

= 4 world scenarios with two dimensions:
» Tensions on fossil fuel markets (resources, population, technology)
» Ambitions of world climate policies.

= High or low demographic scenarios for Paris urban area population
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Paris urban area population : 2 scenarios
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Main hypotheses

= 4 world scenarios with two dimensions:
» Tensions on fossil fuel markets (resources, population, technology)
» Ambitions of world climate policies.

= High or low demographic scenarios for Paris urban area population
= Simple scenarios for local policies :
» Infrastructure remains unchanged between 2010 and 2100
» Congestion on roads and public transport remains at current levels

» No active urbanism policy

=>» Autonomous or “potential” urbanization
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Example of Paris urban area extension prospective scenario
(high demographic scenario + scenario 1)
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B Urban extension by 2030

B Urban extension by 2050
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Paris built area extension — Urban sprawl
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Small impact of technology and fuel prices scenarios.
Only local policies can control urban sprawl (e.g., a green belt).
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Input for mitigation policy analysis:
Example: impact of a €100/tC carbon tax

Higher density and shorter distances:
* Household average distance to the center decreases by 1.7 %.
* Total urbanized surface decreases by 2.7 %

Modal transfer:

* 10% of all km travelled in private vehicles shift to public
transport.

But what is the “cost” ?
What is the distributional effect?
 Difference between tenants and landowners

* Difference between suburbs and city center
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Input for mitigation policy analysis:
Example: impact of a €100/tC carbon tax
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Input for adaptation policy analysis:
Adapting to high temperature and air conditioning

HadRM3 climate model, SRES A2 emission scenario
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Input for adaptation policy analysis:
Adapting to high temperature and air conditioning

Vulnerability to the 2003 heat wave, depending on urban forms and the use of AC.
Heat stess (outdoor, shadow) in number of hours.

Current Paris AC high-density scenario AC low-density scenario
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1. Using AC has a negative impact on outdoor heat stress.
2. A high-density city appears more vulnerable to heat wave than a low-density city.
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Input for adaptation policy analysis:
Example: population exposed to floods and green belt

oo

~J
T

»
T

(&)
T

w
T

N
T

—
T

Number of households in flood-prone areas
NN

rrt .t I
13- b .3»&@4‘5.{
“ maﬁﬂinumﬁmlg$l\m‘

o

g

’ ...~..
had 1S

o
w!

High demographic scenario and no green belt
Low demographic scenario and no green belt
High demographic scenario and green belt
Low demographic scenario and green belt
Number of dwellings in flood-prone

areas in ile de France

Source : French Ministry of ]
environment MEDDTL (CGDD/SOeS)

0
1960

26

A green belt to
control urban
sprawl has a
negative
impact on
flood risks

1980 2000 2020 2040 2060 2080 2100

Year

UNITE MIXTE DE RECHERCHE
C°I'R°E°D° EHESS eT CNRS - UMR 85648



A few insights...

Urban sprawl will continue and accelerate, even in a strong peak oil
scenario. Only local policies can control urban sprawl.

A carbon-tax decreases GHG emissions and favor model shift, but it has a
significant negative impact on rents in the suburbs, making
implementation difficult.

Mitigation, adaptation, and other environmental objectives interact. For
instance, a Green Belt to reduce transport and urban sprawl may increase
flood risks and high-temperature vulnerability.

Urban economic models and urban-scale long term scenarios provide
useful insights into mitigation and adaptation policies.
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Input for mitigation policy analysis:
Example: transport-related emissions in Paris

Total transport-related emissions
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