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 Top four emitters in 2011 covered 62% of global emissions 

 China (28%), United States (16%), EU27 (11%), India (7%) 

 

Cities and Greenhouse Gases 

Fastly growing emissions in emerging economies 



 Cities are major sources of greenhouse gases (and pollutants) 

 Megacities are responsible for 80% of the human-caused 
emissions of CO2 

 According to the UN, in 2050 urban areas will concentrate almost 
¾ of world population 
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Source: Cities and Climate Change: an urgent agenda, World Bank, 2010 
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Efforts 

Cities have began to take action on climate change 

 Global Methane Initiative (http://www.globalmethane.org): business 

opportunities related to CH4 emissions reduction 

 Network of 63 megacities, chaired by the New York City Mayor Michael 
Bloomberg, with the agenda reducing greenhouse gas emissions. 
(http://live.c40cities.org) 

 Association of local governments, whose members include 12 mega-cities, 

100 super-cities, 450 large cities 

 The European Covenant of Mayors, voluntarily committing to exceed the 
European Union 20% CO2 reduction objective by 2020.  

 The U.S. Conference of Mayors’ endorsed a Climate Protection 
Agreement to reduce emissions in their cities to 7% below 1990 by 2012.  

 Carbon Disclosure Project: working with C40 on standardized reporting 
and validation of cities GHG emissions 

A worldwide standard is needed for cities to monitor their emissions, 

comply with rules and regulations, and participate to carbon 

markets 

International 

cooperation 

CUSTOMER SEGMENTATION
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Association of local governments, whose members include 12 mega-cities, 100 super-cities, 
450 large cities, 450 small & medium size cities and towns in 84 countries.  ICLEI supports 
cities and local governments to build more sustainable communities through urban 
development, urban governance, eco-budgeting and sustainable procurement. 

Network of 63 megacities, chaired by the New York City Mayor Michael Bloomberg, with the 
agenda reducing greenhouse gas emissions. Current Steering Committee members include Berlin, 
Hong Kong, Jakarta, Johannesburg, London, Los Angeles, New York, Sao Paulo, Seoul and Tokyo.

Budget Mark :
• < 2
• 2 to < 2,5
• 2,5 to < 3
• 3 to 4

CORE SERVICE VALUE ADDED SERVICES

The European Covenant of Mayors  is a European movement involving local and regional 
authorities, voluntarily committing to exceed the European Union 20% CO2 reduction objective 
by 2020. 

The U.S. Conference of Mayors’  role  is  to  promote  the  development  of  effective  national  
urban policy in cities with populations of 30,000 or more. In 2005, the Conference 
unanimously endorsed the U.S. Conference of Mayors Climate Protection Agreement to reduce 
emissions in their cities to 7% below 1990 levels by 2012.
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MARKET ANALYSIS

The market analysis performed in the context of the Carbocount-City project and 
initially focuses on 10 major cities, with a large geographical distribution over the 
world to provide a representative sample and enable the capturing of different trends 
locally and globally. It’s  based  on  both  direct  information  obtained  in  interviews  with  
key stakeholders within the city as well as indirect information from publicly 
available sources.
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CORE SERVICE

The  Carbocount-City Core 
service is a complete end-to-
end service offer built upon a 
new generic technology. It 
covers everything from network 
design and deployment, to 
atmospheric measurement and 
modelling as well as reporting 
and visualisation of results.

VALUE ADDED SERVICES

On top of the Carbocount-City 
Core service, customers can 
subscribe to complementary 
services, which add value to the 
core offer. The value-added 
services are built around the 
core service architecture and 
adds extra functionality to the 
service, based on each customers 
unique requirements.

RULES AND LEGISLATION

Many cities set targets for GHG reduction which are 
often more ambitious than the national commitments, to 
demonstrate their commitment. 

City governments’ capacity to implement GHG reduction   
and monitoring plans depends on the international and 
national regulatory context and the policy making 
structure.

Cities are incorporating GHG reduction into master plans 
for long-term results. This trend is not simply a 
developed-world phenomenon, but its happening also in 
the Mega Cities of Asia and South America.

There is no worldwide accepted guidelines for local GHG 
inventory reports. Several organizations have guidelines 
specific to city scale inventory reports but scope and 
boundary limits  can  strongly differ in between. 

SERVICE VALUE CHAIN

CITY PROJECTS

The Megacities 
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Los Angeles
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Academic study of 
GHG monitoring in 
the city of Boston
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CORE SERVICE

The  Carbocount-City Core 
service is a complete end-to-
end service offer built upon a 
new generic technology. It 
covers everything from network 
design and deployment, to 
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unique requirements.
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Efforts 

Cities have began to take action on climate change 

 Co-benefits of reducing cities GHG emissions on 

climate, air quality and food security 



Barriers 

 Currently, emissions are estimated from activity data and 

energy use statistics, not directly measured : 

 Labor intensive work to obtain detailed data for a country, region, city 

 Paper-based reporting – no independent verification 

 As a result, emissions estimates of cities are highly uncertain 

 Most cities do not have a pollutant / GHG emission inventory 



Barriers 

Different 

inventories 
EDGAR V4 

(JRC) 
IER 2005 

(U Stuttgart) 
AIRPARIF2005 

(local City data) 
Max – Min 

Resolution 0.1° x 0.1° 1min x 1min 1km x 1km 

Annual budget of Ile-de-France (TgC) 

Residential 6.75 5.36 5.65 31% 

Road  8.50 6.03 3.63 60% 

Industry 5.19 4.61 3.02 42% 

Total 24.65 16.39 12.34 50% 

 Comparison of different inventories over the Paris region 



Barriers 

 Comparison of the road CO2 emissions near London 
between two inventories show enormous differences 
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Modeling 

Regional GHG 

sources and 

sinks 

Improved 

Cities 

Emissions 

* Collection of GHG atmospheric data over cities 

* Inversion of GHG concentration into fluxes using atmospheric inversion technology 
imported from weather prediction, capable to deliver improved maps of GHG emissions 

* Assessment of the inversion 

accuracy of the data + 

complementarity  

* 

* Extraction and packaging of 

information relevant to 

decision-making processes,  

Regional Authorities 

Direct measurement of emissions  



Vision 

 A global monitoring system for urban CO2 can offer 

actionable information to attribute & validate 

mitigation policy effects 

 We need to and can start now with Pilot Projects 

between cities  

 Sustained (5yr), transparent data exchange & 

comparative analysis 

 Address scientific challenges  

 Demonstrate confidence by validating effects of 

specific policies  

 Capacity building (infrastructure & knowledge, including 

developing cities) 

 

Direct measurement of emissions  
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Carbocount-City 

 Duration: 3 years project. 2013-2015. Co-funded by the European Institute of 
Technology (Climate KIC) 

 Objective: set up a demonstrator of a new service for measuring and GHG 
emissions of two cities 

 Product: a cost-effective service that will deliver improved emission maps of 
urban CO2 and CH4 fluxes with sectorial attribution and uncertainties. 

 Customers and users: cities authorities having to establish and report emission 
inventories  

Demonstrate that cities GHG emissions can be assessed  

Improve existing bottom-up inventory-based GHG emissions with 

continuous top-down atmospheric measurements of GHG 

concentrations. 

Strategy 



Carbocount-City 

 The project is designed to mobilize research 

institutes, together with corporate partners, SMEs 
and cities authorities 

 Cities: Paris and Rotterdam  

 International collaboration: Los Angeles, Indianapolis 

Demonstrate that cities GHG emissions can be assessed  



The two pilot cities  

 The methodology is designed to be scalable and adaptable to any other city 

 Research collaboration with Los Angeles area partners organizing a large scale 

campaign (see Poster) 

Paris and Rotterdam 

Rotterdam 

• 2nd largest city in the 

Netherlands 

• Largest port in Europe. 

• Population 616,000 

• 25 MtCO2 

• 90% power plants and 

refineries 

Paris 

• Largest city in France 

• Population 10 M 

• 60 MtCO2 

• 30% within 10 km radius 

from the center, 60% 

within 20 km 

• 30% road traffic and 

40% residential 

 

 



Move forward 

① Measuring the atmosphere An operational operational atmospheric network of 9 ground 
based sensors deployed at fixed stations 

② Surveyor campaigns search and find CH4 fugitive emissions 

③ Inverse modeling, correct emission inventories using atmospheric measurements 

④ Urban winds and enhanced data potential. urban meteorology and multi-scale dispersion 
modeling to separate local from city emissions 

⑤ Trust but verify. Regular aircraft campaigns to check on the performances of the modeling 
system; 

⑥ Consult users and receive early feedbacks from stakeholders 

A user driven implementation 

Critical technologies 

1- Transfer innovative methods from 

research labs to service application 

2- Cost / quality of atmospheric 

measurements, and number of stations 

Opportunities 
1- Partners with strong experience 

2- Growing interest of SMEs for GHG inversion 
3- Global interest of cities for emission 
measurements 
4- Small market opportunities  



Measuring the atmosphere 

 6 GHG measurement stations sites in Paris, 
sensors under installation 

 2 GHG measurement stations in Rotterdam, 
one under localization 

Stations installed across dominant wind direction 

• Install monitors 
• Calibration of the working standards 

(with gases) 
• Analyse first results  
• Compare & cross check between 

cities 

Paris network (9 stations, 3 pre-existing) 
See I. Xueref-Remy’s presentation 

Rotterdam network (3 stations) 
Being established by TNO 



 Paris, Rotterdam, London are « plume cities » 

 Los Angeles, Grenoble, Mexico are « dome cities » 

Measuring the atmosphere 

Stations installed across dominant wind direction 

Paris network  
See I. Xueref-Remy’s presentation 

Simulated plume of CO2 

emissions 



Measuring the atmosphere 

How does an urban station looks like 

Boston University 

Image courtesy  

Nathan Phillips 

Eiffel Tower 

CO2-megaparis 

project 



Surveyor campaigns 

 Picarro, a leading high-precision instrument manufacturer 

 Two campaigns performed in 2013 

Spotting methane fugitive sources 

The picture shows a schematic of the 

instrumental setup for Picarro Surveyor using 

a G2132-i methane analyzer to detect 

natural gas leaks. 

 

Through measuring the lower atmosphere’s 
methane concentration, leaks in the 

distribution of the natural gas can be 

detected even through asphalted roads 

and at traffic speed.  



Surveyor campaigns 

Above:  

Methane leak in the gas compressor 

station near Cuvilly (17. December 2012) 

 

Right:  

Natural Gas leak in the city of Paris 

(22. May 2013) 

 

Peaks are not to scale, but correspond to  

Methane concentrations higher than 3 

ppm. 

 

Identify hot-spot of emissions 

 Fugitive Methane Emissions due to 

Natural Gas leaks 



Surveyor campaigns 

Above:  

Methane emissions in the surroundings of 

a Waste Water Treatment Plant near Conflans- 

Saint-Honorine 

(17. December 2012) 

 

Right:  

Methane emissions in the surroundings of 

a landfill near Claye-Souilly 

(16. December 2012) 

 

Peaks are not to scale, but correspond to  

Methane concentrations higher than 3 ppm. 

 

Methane hot-spots outside cities 

 Other sources of Methane 

emissions 



Inverse modelling 

Stations upwind Stations downwind 

Find emissions from concentration measurements 

 Advanced data assimilation techniques developed by LSCE 

researchers for global CO2 fluxes now applied to cities emissions 

 An inversion model is in place over Paris at 2 km spatial resolution 

 

Corrected 

emissions 
First guess 

of emissions 



Inverse modelling 

 The quality of the inversion model result depends on : 

 Existing inventories used as first guess 

 How many stations capture the urban CO2 plume structure 

 How well can winds be simulated (see next) 

 How representative is a station from cities emissions vs. local emissions (see next) 

 

Find emissions from concentration measurements 

 
 

 
 
 

Atmospheric 
Transport 

Model 
CHIMERE 

Comparison of 
simulated CO2 with 

measurements  

First guess CO2 emission CO2 concentration fields 

Time evolution of simulated and observed 
CO2 concentration at Gif/Yvette 

Mathematical and probabilistic tools to 

compute the best CO2 emission 

estimate that reduces the 

observations/simulation discrepancy   

Inverse 
Modeling 
Technique 

Optimized CO2 

emission 

In situ observations 
network around Paris 

See I. Xueref-Remy’s presentation 
For measurement time series 



Inverse modelling 

Results from existing  
Network of 5 stations 

First results 



Modeling wind profile in cities streets 

Comparison of Macro and Micro computations for west 

wind in location 22
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Comparison of Macro and Micro computations for west 

wind in location 32
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Wind profiles 

obtained with micro-

SWIFT (3 m resolution) 

and SWIFT with urban 

canopy new option 

(500 m resolution)  

Urban winds 

Courtesy of Aria Technologie 



Enhancing the data potential 

 Micro-scale flow and GHG dispersion modelling in the area 
surrounding GHG stations (Gif, Gonesse and Jussieu) 

 Vector data describing buildings and emission are created or 
extracted from existing database.  

 GHG concentrations computed at a resolution of 3m. This will 
be compared to the  2km-spatial average concentration. 

 Spatial representativeness of the station output can be 
quantified before being used in the inverse regional model 
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I 
Microscale flow and local sources 

Courtesy of Aria Technologie 



Enhancing the data potential 

 CO2 in your street 

 Ground concentration of CO2 near the Jussieu station – 

model Micro-SWIFT-SPRAY 

 

Jussieu CO2 
station 

Separate the influence of local sources 

Courtesy of Aria Technologie 



Trust but verify 

 Representativeness of ground-based 
measurements is not well known 

 Surface stations must be complemented by 
airborne measurements that will help to check 
the model for the dilution of CO2 emissions in 
the boundary layer 

 Measurement of vertical profiles of CO2 and 
CH4 concentrations  

 3 aircraft campaigns over each city per year 

 

 

Aircraft campaigns are independent evaluation data  

     Now ready to fly … 

• Touring Motor Glider equipped with 

CH4, CO and CO2 sensors 

• Aircraft ready and in standby for 

Rotterdam campaign on Monday (7th of 

Oct) 

• Paris flight plan submitted and approved 

• Waiting for authorisation from DGAC to 

perform campaign around Paris 



Feedback from users 

Ongoing dialogue with cities in the world 

New-York 

Paris Vancouver 

Tokyo 

Sydney 

Milan 

Sao Paulo 

Seoul 

Rotterdam 

Singapore 



Thank you for your attention 

 

Questions about this presentation 

philippe.ciais@lsce.ipsl.fr 

frederic.baron@lsce.ipsl.fr   

mailto:philippe.ciais@lsce.ipsl.fr
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