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More than half of the world’s population currently lives
in urban areas -> expected to rise to 70% by 2050.

o Health issues due to air quality

o Increase of CO2 emissions if no action is
taken

Energy production

Industry

Road transport

Residential

Source : Monitoring global carbon emissions in 2022, Liu et al. (2023).

70% of  CO2 anthropogenic emissions linked to cities
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• Paris and surrounding cities 20% of the population living on 2% of the land area, 
accounting for 9% of national CO2 emissions

Source : Bilan des Emissions Atmosphériques en Ile-de-France, Airparif, 2021

The city of Paris 

Résidentiel

Transport

• Road transport and residential sectormain emissions sources in Paris city and region
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• Paris Climat Plan : objective of 
carbon neutrality by 2050

• Importance to evaluate the 
emissions and their evolution
inventory

• Necessity to have independant
approaches

Source: Airparif



eBClf Liquid Fuel
NOx = NO2 + NOCO2

eBCsf, CO, 
PM, VOC, PAH

eBClf, NO2, 
NO, CO, PM, 
BTX, light hydrocarbons

14CO2

Emission sector Tracers

eBCsf Solid Fuel

14CO2 radiocarbon

Source : Bilan des Emissions Atmosphériques en Ile-de-France, Airparif, 2021

Tracers approach

Co-Emissions between
polluants and greenhouse
gases

NOx

GES scope 
1+2
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SIRTA-ACTRIS
station

Saclay ICOS 
station

ACTRIS SIRTA station

ICOS tower

PARIS

2 
km

SIRTA-Saclay site: a peri-urban station
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Saclay ICOS station (since 2015)

15 m

60 m

100 m

 In-situ measurements (3 levels) : CO2, CH4, N2O, CO

 Eddy-flux CO2 measurements (100m)

 Meteorological data since 2004

 Radon at two levels (5m – 100m)

 Regular flask sampling (CO2, CH4, N2O, CO, H2, SF6, 14CO2, 13CO2) 

 Integrated (week) 14CO2 samples

Radon-222

Eiffel Tower
(20km)



NH3

2024

The SIRTA-ACTRIS in-situ national facility
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• eBC
• Liquid fuel (lf) solid fuel (sf)

AE33 Magee Scientific

Since 2015
Cavity Ring 
Down 
Spectrometer

Data used in this study

Before 2015
Gas
Chromatography

CO2, CONOx, eBC (eBCsf, eBClf)

T200UP Teledyne API



Source : Preprint, Bouillon et al., 2025

CO2 (ppm)

CO (ppb)

NO (ppb)

NO2 (ppb)

eBCsf (ng.m-3)

eBClf (ng.m-3)
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Time series 2012 - 2022



Trends (2012 – 2022)
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Significant trends for CO2 
(increasing)

and NOx, eBC lf (decreasing)

But how to analyse these trends in regards to 
Paris emissions?



Specifity of the SIRTA peri-urban station
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Wind direction is an important parameter to consider Illustration duringthe lockdown

Simon et al., 2023



Specifity of the SIRTA peri-urban station
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Wind direction is an important parameter to consider Illustration duringthe lockdown

Simon et al., 2023
Lockdown study
Petit et al., 2021



• Data filtered according to 2 wind sectors:
Urban sector (URB) (12.5%)
Rural sector (RUR) (31.1%)

URB – RUR = « URBAN offset »

Urban Offset determination

13



Boundary layer

• Concentration higher in winter due to a 
lower boundary layer height

• CO2 influenced by biogenic emissions in 
summer anthropogenic emissions more 
visible in winter

• Higher concentrations for traffic tracers
during rush hours

• Concentrations increase in winter and in the 
evening for residential tracers heating

Diurnal cycle by season

Source : Preprint, Bouillon et al., 2025
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Time series according to wind sectors

Summer Winter

URB 416 ppm 442 ppm

RUR 407 ppm 418 ppm

Offset 9.1 ppm 24 ppm

CO2

CO2 (ppm)

NO2 (ppb)

Summer Winter

URB 6.3 ppb 16 ppb

RUR 0.99 ppb 2.3 ppb

Offset 5.3 ppb 13.7 ppb

NO2

Source : Preprint, Bouillon et al., 2025
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The rural sector seems
satisfactory to use as a 
proxy for background



CO2 Trends (2012-2022)

2.48 ppm.an-1  NOAA 
between 2012-2022

All data Urban Offset

Significant trend non significant trend Mean 2012-2017 and 2019-
2022

15% decrease between
2012-2017 and 2019-
2022

Source : Preprint, Bouillon et al., 2025
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NOx and eBC Urban offset Trends

Urban Offset

Significant trend non significant trend

52% decrease between
2012-2017 and 2019-2022

Source : Preprint, Bouillon et al., 2025
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57% decrease between
2012-2017 and 2019-2022

46 % increase between
2012-2017 and 2019-2022

NOx

eBCsf

eBClf

Mean 2012-
2017 

compared to 
mean 2019-

2022

Airparif
Inventory
All sectors

Paris
(2012-2021)

Airparif
Inventory 

traffic sector
Paris

(2012-2021)

CO -36% -26% -50%

NO2

-52% (NOx)
-40%
(NOx)

-50%
(NOx)

NO

eBCl f -57% 

CO2 -15% -21% -24%

Comparison with
inventory





• Added value of combining the analysis of greenhouse gases and pollutants (which are typically studied by 
different scientific communities)

• Original approach calculatingan urban offset based on measurements from a single peri-urban station

• Decreasing trends of the urban offset of  CO2, NOx, CO and eBClf between
2012-2017 and 2019-2022

• The inventory suggests that traffic is the main factor explaining the decreasing trend, this is confirmed by the 
tracers

• see Bouillon et al., ESSD, 2025

• On-going: Analyse ratios ΔCO/ΔCO2, ΔNOx/ΔCO2 at Saclay and at two other sites (towers located upstream and 
downstream from Paris  instrumented during the ICOS-cities project), and compare with ratios determined close 
to the source (traffic) and with ratios from the inventory

• Next: Consider additionnal compounds, like VOCs

Some concluding remarks

CO2   -15%
CO -36%
NOx -52%
eBClf -57%




