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An instrumental study of NO2 vertical distribution over Paris: influence of boundary 
layer depth on the surface concentration / vertically integrated content relationship

Nitrogen  oxides  (NOx=NO+NO2)  are  among  the  main  anthropogenic  pollutants  and  their 
sources,  like  human  activities,  are  concentrated  in  urban  areas.  At  the  local  scale,  NOx 

pollution  is  a  public  health  concern  as  it  increases  citizen  mortality by cardio-respiratory 
diseases. At larger scales, the building-up of NOx emissions ends up perturbing atmospheric 
chemistry and influences the global climate. To evaluate the impact of NOx pollution at all 
scales, accurate estimations of NOx emissions are needed, along with a better understanding of 
the dispersion processes. As emissions mainly occur at ground level, characterizing vertical 
dispersion processes above source areas is crucial to understand further horizontal export. 

Nitrogen dioxide (NO2), which is the main form of NOx, can be monitored using either in-situ 
analyzers or passive remote sensing instruments (UV-visible spectrometers),  which can be 
either ground-based or space-borne. In-situ analyzers are most of the time installed at ground 
level  so  these  observations  are  well  suited  to  monitor  human exposition  but  they fail  to 
provide a good estimation of NOx emissions. Indeed, surface concentrations also depend on 
vertical  dilution  in  the  atmospheric  boundary layer  where  pollutants  are  trapped.  Passive 
remote-sensing instruments, which deliver the vertically integrated content in the boundary 
layer (or column), are better suited to monitor emissions but these observations are difficult to 
relate to surface concentrations. Indeed, there is a permanent competition between vertical 
mixing by turbulence and various loss processes like photochemical destruction and export by 
the wind. Yet, satellite observations need to be validated against in-situ measurements, as their 
data inversion process requires many hypotheses. Both approaches point the need to related 
NO2 surface concentration to its integrated content. However, this requires a hypothesis on 
NO2 concentration profile in the boundary layer, as very few concentration profiles have been 
measured, and none exists over urban areas. 

The  Qualair  observation  platform,  located  right  in  Paris  city  center,  offers  a  unique 
opportunity to study pollutant vertical dispersion over a large emission zone. A zenith-sky 
UV-visible spectrometer provides continuous observations of NO2 tropospheric column and a 
backscatter lidar provides regular observations of boundary layer (BL) depth. In addition, the 
air quality network AIRPARIF operates an elevated station at the top of the Eiffel Tower (300 
m a.g.l.). Coupling all these observations, I studied NO2 variability over Paris, with a focus on 
the  influence  of  BL depth  on  NO2 vertical  distribution.  This  work  underlined  the  strong 
vertical  gradients  existing  in  the  urban  boundary  layer,  showing  that  the  uniform 
concentration profile hypothesis often used in satellite validation is irrelevant. 

As an alternative,  I  used  the  available  observations  to  establish  an  empirical  relationship 
linking  NO2 integrated  content  in  the  boundary  layer  to  its  surface  concentration.  This 
relationship  describes  NO2 vertical  mixing  out  of  the  emission  morning  peak,  in  the 
convective  boundary layer.  It  shows that  NO2 integrated  content  depends on an  effective 
concentration, lower than the measured concentration by about 2 ± 1µg.m-3. This is probably 
due to the interference of other oxidized nitrogen species like HNO3 on standard in-situ NOx 

analyzers. Then, the relationship has two terms with one not depending on BL depth but on a 
fixed height (184 ± 34 m) which describes turbulent transfer processes from the surface layer 
to the mixed part of the boundary layer. The second term corresponds to only 24.4 ± 3.8 % of 
the homogeneous column  i.e. what the integrated content would be in the uniform profile 
hypothesis. During the NOx emission morning peak, the behavior is very different and NO2 



integrated content reaches around 72% of the homogeneous column. Finally, I tested the “out-
of-peak” relationship by comparison with NO2 columns measured by space-borne instruments 
SCIAMACHY and  GOME-2.  It  showed  that  this  relationship  can  be  used  for  satellite 
validation  over  Paris  and  that  it  reproduces  much  better  the  seasonal  variability  of  the 
columns than the uniform profile hypothesis. 


