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Context – Energy consump4on
Energy transition

o Global priority
o Environmentals policies to reduce GHG and air pollutant emissions
o Limitations of abatement technologies (Internal combustion engine)

Energy use in the future ?
New reflexions on reducing energy use (Urban planning)

Energy mix (2005 )
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Context – Energy consump4on
Energy transition

o Global priority
o Environmentals policies to reduce GHG and air pollutant emissions
o Limitations of abatement technologies (Internal combustion engine)

Energy use in the future ?
New reflexions on reducing energy use (Urban planning)

Energy mix ?

Major sector ?Energy use ?
Energy mix (2005 )
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Compact city
q High density urban settlement
q Proximity and mixity of services 
q Reducing commuting distances Reduc&on of energy use/ GHG /air pollutant

o Organizing energy networks (hea5ng, services)
o ↘ travel by car ↗ walking / cycling

Reinforcing poten5al exposure to degraded air quality
o Increase in street canyon / traffic conges5on
o Reduc5on of green spaces 

impacts of urban
policies on air quality ?

Distance we need car
Walking / cycling distance
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HOME
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How to model those impacts ?



Modelling chain

Diagnosis of future scenarios
• Academics (Compact, sprawl ci5es)
• Territorial planning schemes
Taking into account the major determinants of the city
• Economic / Energy / Housing / Transport / Health

Integrated modeling of the analysis of impacts of urban policies on air 
quality

Urban policies
Urban structure 

modelling

Emissions 
modelling

Air quality
modelling

Population 
exposure

CHIMERE

Exposure

Land/transport
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iss

io
ns

WRF

Weather
modelling

+ housing
New public 
transportation 
lines
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The modeling chain : NEDUM

Simulates the evolu5on over 5me
of the spa5al distribu5on of land
use, popula5on density, height of
buildings ...

NEDUM

Viguié, V. et Al 2014.

NEDUM simulated urban area extension. La
nd

-U
se
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od
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Urban policies

NEDUM

NEDUM : Land-Use model 
§ how the inhabitants choose to locate

in a city ?
§ how policies can influence their

choice ?
§ what are the socio-economic effects

associated to these policies ?

http://www.sciencedirect.com/science/article/pii/S0040162514000092


NEDUM - Methodology
NEDUM

Locate households of a zone in terms
q based on budgetary constraint of households (cost of 

transport, housing, and size of dwellings)
q Real estate development depend on the demand
q development of transport infrastructure favor the spreading

out of the city

HIGH MEDIUM LOW

Minimize transport and rent cost

Maximize its profit La
nd
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Urban policies

NEDUM

Job center

Household

Transport 
infrastructure



NEDUM - Validation 
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Urban policies

NEDUM
Source : Viguié et Al 2012

Number and size of houses

NEDUM
q Calibrated on the greater Paris

Figure : Simulated urbanized area compared to actual urbanized area.
Actual urban area appears in black (Source : Corinne Land Cover and IAU), whereas
model simulation appears in transparent green.



The modeling chain : emission modeling chain
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The modeling chain : GAIA
GAIA (GenerA.on of synthetIc populA.on)

q Generate a synthe5c popula5on based on popula5on density (at district level)
q Provides several data (age, sex, job, driving licence, car…)

Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residen/al emissions

Age
Sex
Ac'vity
Driving licence
Car

Agent_1
40
M
unemployed
NO
0

Agent_22
25
M
School
YES
0

Agent_32
30
F
employed
YES
1

Agent_45
67
M
Retired
YES
1

Agent_98
2
F
None
NO
0

Greater Paris population pyramid (GAIA)



GAIA - Methodology
GAIA (GenerA.on of synthetIc populA.on)
q Iden5fica5on of discrete condi5onal probabili5es

(data Census)
q Random distribu5on law based on these probabili5es
q Agent genera5on Households per zone

Center/Suburb/Suburb2

Alone Family Couple Monoparental

household type

Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissionsLo
op

Work, school, inac:ve, re:red

Age

Sex

Activity

car

Driving license

Number of agents

Male, Female

0, 1,2

YES /NO

0,1,…,90

Distribution of population by age group

household size 1,…,5



GAIA - Validation 
GAIA
q Calibrated on the greater Paris
q Good es5ma5on

popula2on distribu2on (greater Paris)
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GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residen/al emissions

1%  difference

Overes5ma5on
Underestimation



The modelling chain : Moirai
MOIRAI (MOdelling with high Resolution individual populAtion tImetable)

q Generation of agent timetable
q Modal split
q Activity duration

Activity Trip

Em
iss

io
ns
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Passenger car emissions

Residen/al emissions

Time



MOIRAI - Methodology
MOIRAI
q Genera5on of districts a]rac5veness (Gravity model)
q For each agent

§ Timetable (Number of daily trips, priori5es)
§ Loca5on of ac5vi5es(a]rac5veness)
§ Modal split (Car, driving license)

HOME

WORK

LeisureOther

The a&rac)vi)es of the ac)vi)es vary according to the average distance calibrated using the EGT 
(French Census)

Calcula2on of the a;rac2veness of jobs center per zone

Em
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ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residen/al emissions

Activity
attractiveness

Agent



MOIRAI - Validation 
MOIRAI
q Calibrated on the greater Paris
q Modal split (work in progress…)
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GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions

MOIRAI

3.87 
Trips per 

day

4.4 km
Mean

length trip

41 M
Trips a day

4.05 
Trips per 

day

4.7 km
Mean

length trip

41 M
Trips a day

0 2000000 4000000 6000000 8000000 10000000 12000000 14000000 16000000 18000000 20000000

Public transportation

Walking

Car

MOIRAI OMNIL

15%  difference



The modeling chain : HERMES
HERMES : Spatial modeling of individualized travel path

q Generation of car fleet
q Generation of  the path (Dijsktra algorithm of shortest path – Graph theory)

Fuel

Cylinder

Technology

Em
iss
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MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions



HERMES - Methodology
HERMES
q Generate the road graph (free speed)
q For each agent

§ Locate agent origin and destination trips closest nodes
§ Get the path (Dijkstra)
§ Calculate the cold start engine section (beta)
§ Generate car profile (M. Carteret (2014) )

Em
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ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions

Dijkstra shortest path algorithm

Based on the euclidean distances and 
weighted of the time spent on the 
section

undirected graph

cold start engine sec?on 

Fuel

Cylinder

Technology



HERMES - Validation 
HERMES
q Calibrated on the greater Paris
q Validation in progress

HERMES Trip number per section Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions

IAU data Trip number per section

Good reproduc5on of the conges5on of Paris ring road

Freight / inter-regional trips ?



The modeling chain : IFRIT 
IFRIT : Spa.al modeling of individualized travel emissions

q Modelling the the exhaust emissions for passenger car

Engine 
Combustion

Fu
el

Exhaust
emissions

Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions

Road vehicles

G



IFRIT - Methodology
IFRIT : Spatial modeling of individualized travel emissions

q Calculate hot and cold start emissions NOx, NMVOC, CO,PM 
for every trip (COPERT methodology)

Gasoline

Diesel

GFuel variable
Consumption

Activity data
Mileage per vehicle class

Driving condi2ons
Average speed per vehicle type and per road

Other variable
Clima?c condi?on 
Mean trip distance

Emissions factors
Per type of emission (hot, cold)

Emissions for all pollutant for all 
Corinair road traffic source categories

Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residen/al emissions

Driving cycles NEDC

ETOTAL= EHOT + ECOLD 

EHOT;i,k,r=Nk×Mk,r×eHOT;i,k,r

Emission factor

ECOLD;i,j= ßi,k×Nk×Mk×eHOT;i,k×(eCOLD /eHOT|i,k -1)

Cold path frac=on Warm/cold Ratio 



IFRIT - Valida4on 
IFRIT
q Comparison with french Air quality monitoring network 
q in progress…
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Passenger car emissions

Residential emissions

0 10 20 30 40 50 60 70 80 90

Nox

VOC

PM2.5

Tons/day

IFRIT

Airpar if

Underestimation NMVOC

Overestimation on NOx



The modeling chain : HESTIA
HESTIA : Spa.al modeling of small combus.on emissions

q Modelling the small combus.on installa5ons for every household in residen5al sector
§ hea.ng
§ provision of hot water

Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residen/al emissions

fireplaces

stoves

cookers

Small boilers (< 50 kW) 

CombustionFuel

Cooking

Boiling

Heating

Emissions



HESTIA - Methodology

Em
iss

io
ns

GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions

HESTIA
Modelling the small combustion installations for every household in residential sector

q Generation of the energy demand
q Climatic correction
q Small combustion emission factor

Type of housing
Collective / individual house
Age 

Surface of the housing
In m2

Energy use of housing
Annual energy consump?on in kWh

Energy type
Electricity, Gas, oil, 
wood, other

Climatic correction
Based on Degree day

Emissions for all pollutant for all 
Corinair small combus7on source 
categories

39.0 m2/hab28.4 m2/hab
Collective Individuel

Greater Paris 

Correc7on in terms of zone

TW/an

Based on consommaRons unitaires des résidences 
principales par usage à climat normal en kWh/m2 
186 kWh/m2 (2011)

Pfeiffer et al., (2000) , Kubica, et al., (2004). , CITEPA 
Small combustion

Ei =åEFi, j,k× Aj,k

Ei = annual emission of pollutant i,
EFi, j,k = default emission factor of pollutant i for 
source type j and fuel k 
A j,k= annual consumption of fuel k in source 
type j. 



HESTIA - Validation

Em
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GAIA

MOIRAI

HERMES

IFRIT

HESTIA

Passenger car emissions

Residential emissions

HESTIA
q Valida5on in progress
q Comparison with french Air quality monitoring network 

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Nox

PM10

PM2.5

Tons/day

HESTIA

Airpar if

Overestimation on Nox, PM

Hea5ng/ boiling Fleet ?
Emissions Factor ?



The modeling chain : Chemistry-transport model

CHIMERE

Exposure
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The modeling chain : CHIMERE
Eulerian off-line chemistry-transport model (CTM) 

q Calculate at each 5mestep ∆C in each box
q Forecas5ng and analysis of air quality
q Driven by weather outputs WRF

CT
M CHIMERE

Emissions
Weather fields



CHIMERE – simulations

Continental domain
0.5° X 0.5°

Regional domain
1km X 1km

q triple nested simula5on with : 
1. Global domain (LMDZ-INCA)
2. Con5nental domain (CHIMERE)
3. Na5onal domain (CHIMERE)

National domain
15km  X 15km

Global domain
1° X 1°

CT
M CHIMERE

Emissions
Weather fields



CHIMERE – valida5on
CHIMERE
q Valida5on in progress
q Comparison with french Air quality monitoring network 

Continental domain
0.5° X 0.5°

Concentra?ons of NO2 in ppb (City sta?on Paris 13ème)

Regional domain
1km X 1km

R and RMSE for NO2 for rural Air-Base stations on the first week of January

National domain
15km  X 15km

CT
M CHIMERE

Emissions
Weather fields
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CHIMERE

Exposure

NEDUM

LUTI

Em
iss

io
ns

HERMES
WRF

Generation of land use scenarios

Reference situation in 1960 (On data census) 
Sprawl city - Expansion of Paris with no specific constraint (LUTI)
Compact city - Expansion of Paris with a green-belt (LUTI)

1970 1980 1990 2000 2005

Un-built area

No constraints – scenario_SPRAWL

Greenbelt – Scenario_COMPACT

Study on past urbanization



CHIMERE

Exposure

NEDUM

LUTI

Em
iss

io
ns

HERMES
WRF

Scenarios parametrization

q job centers location of 2008
q Single average income per individual
q Transportation network of 2008

Parameters fixed in ?me



Scenario_SPRAWL Scenario_COMPACT

Scenarios - Land-use transport outputs
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CHIMERE
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Scenarios - Road emissions outputs 
q Car fleet of 2008 (Census data)
q No congestion

Daily mean NO emissions
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Scenarios – CTM outputs

ppb

NO2 difference concentra?on

SPRAWL - COMPACT



Scenarios – CTM outputs time series

CHIMERE

Exposure

NEDUM MODUS

LUTI

Em
iss

io
ns

HERMES
WRF

Center zone 

Surburb zone

ppb Center average

Concentration of NO2 during a week (January 2009 - Average of all meshes in the center area

ppb

Concentration of NO2 during a week (January 2009) - Average of all meshes in the 1st suburb area

Surburb average

SPRAWL COMPACT

SPRAWL COMPACT

concentration appears higher, in 
average, in the compact scenario 
(With the previous hypothesis)



Outlook

q Modelling at a smaller scale

Downscaling

Conclusion
q Operational modeling chain
q Sensitivity in terms of air quality
q In the center of the city, pollutants concentration appears higher, in average, in the compact scenario
q Simplied modeling of the city – Change modal split sensibility
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Outlook

Meso-scale

1km resolu5on

Micro-scale

Cmicro-environnement = Cregionale + Cincrement

Cincrement = [sin(q) + 1] * [ x1 Cbackground+ x2 H/WL * emis/wspeed]

Cmicro-environnement = x1 (wind, confinement) Cbackground + x2 (wind, confinement) Crégionale Moussiopouios et al. (2014)

Cbackground

Downscaling
Extrapolation of CTM mesoscale to micro-environments
Work in progress…

q Learning Capacity / Extrapolation 
q Potential for transposition to other sites / Standard micro-environments



Outlook

q Modelling at a smaller scale

Downscaling

q Time geography exposure (Work in progess…)

Individual exposure

Conclusion
q Operational modeling chain
q Sensitivity in terms of air quality
q In the center of the city, pollutants concentration appears higher, in average, in the compact scenario
q Simplied modeling of the city – Change modal split sensibility
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Outlook
Individual exposure
Time geography exposure (Work in progess…)

q MOIRAI + CHIMERE (Downscaling)

Work

Leisure

Home

Home

Time

0

6

12

18

Individual daily movement trajectory

Individual Exposurei=åCenvironment× timeSpend



Outlook

q Modelling at a smaller scale

Downscaling

q Time geography exposure (Work in progess…)

Individual exposure

Conclusion
q Operational modeling chain
q Sensitivity in terms of air quality
q In the center of the city, pollutants concentration appears higher, in average, in the compact scenario
q Simplied modeling of the city – Change modal split sensibility

Ongoing

q In progress

Interac?on on the LUTI

q In progress
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