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NO2 plumes from Paris 
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Validation of TROPOMI v1.1 at Eiffeltower   
AirParif NO2  
sensor  
3ème étage 

(1)	   (2)	  Convert	  Eiffel	  Tower	  measurements	  to	  
surface	  NO2:	  

	  	  

Dieudonné	  et	  al.,	  	  
GRL,	  2013	  (3)	  Convert	  surface	  NO2	  to	  column	  NO2:	  

This	  work	  



NO2 line density over Paris 
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NO2 line density over Paris 

S-‐shaped	  increase	  	  
over	  Paris	  

u	  =	  24	  km/hr	  
Decay	  because	  of	  chemistry:	  

	  NO2	  +	  OH	  +	  M	  −−>	  HNO3	  +	  M	  
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(3.22)

A plot of the solution is shown in Figure 3-9. The model captures
gradients in pollutant levels across the city and also describes the
exponential decay of pollutant levels downwind of the city. If good
information on the wind field and the distribution of emissions is
available, a column model can offer considerable advantage over
the one-box model at little additional computational complexity.

Figure 3-9 Evolution of pollutant concentrations within and downwind of an urban
area in the column model
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Emission pattern matters 

Simulate	  line	  density	  by	  accounXng	  for	  spaXally	  varying	  emissions	  
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u	  =	  5	  m/s	  
τ	  =	  7	  hrs	  
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Large ensemble of modeled line densities 

Fixed	  parameters	  
	  u	  	  	   	   	   	  boundary	  layer	  mean	  ECMWF	  wind	  
	  NOx:NO2	   	  boundary	  layer	  mean	  from	  CAMS	  model	  

	  

Varied	  parameters	  (5+1)	  
	  Ei	  –	  iniXal	  guess	  from	  TNO-‐MACC-‐III	  inventory	  	  
	  k	  –	  iniXal	  guess	  from	  CAMS	  model	  

	  

The	  combinaXon	  of	  Ei	  and	  k	  given	  u	  that	  
best	  matches	  TROPOMI	  line	  density	  
provides	  best	  esXmate	  of	  emissions	  and	  
NOx	  lifeXme	  
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Paris NOx emissions Feb - Jun 2018 

•  Daily	  emission	  esXmates	  
•  TROPOMI	  captures	  weekend	  reducXons	  
•  February:	  TROPOMI	  higher	  than	  predicted	  
•  Apr-‐June:	  TROPOMI	  comparable	  to	  TNO-‐MACC-‐III	  (2018)	  

Freezing	   Warm	  days	  	  

April	   May	   June	  Feb	  
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•  Replace	  NOx:NO2	  raXo	  CAMS	  by	  Eiffel	  Tower:	  <3%	  difference	  
•  Wind	  speed	  uncertainty	  of	  ±20%	  has	  similar	  effect	  
•  Replacing	  CAMS	  by	  CLASS	  a	  priori	  [OH]	  has	  some	  effect	  
•  Weak	  sensiXvity	  to	  emission	  pajern	  

Uncertainties 

Discussion	  
Clear-‐sky	  days	  only,	  emissions	  for	  noon-‐Xme	  
Method	  requires	  advecXon	  in	  well-‐defined	  direcXon	  	  
(no	  re-‐circulaXon)	  



Application and improvement for Ruisdael domain 

Goals	  
1.  Improve	  TROPOMI	  NO2	  satellite	  measurements	  
2.  Bejer	  esXmate	  NOx	  emissions	  from	  the	  TROPOMI	  obs.	  
3.  Explore	  how	  interacXons	  between	  radiaXon,	  dynamics	  and	  

chemistry	  drive	  the	  distribuXon	  of	  NOx	  and	  ozone	  	  



1. Improving TROPOMI NO2 within Ruisdael 

Approach:	  improve	  	  
-‐  VerXcal	  informaXon	  on	  aerosols	  and	  clouds	  
-‐  VerXcal	  informaXon	  on	  NO2	  
used	  in	  retrievals	  

Ruisdael	  contribu[on	  (?)	  
-‐  Modeling	  clouds	  and	  aerosols	  with	  DALES	  /
MicroHH	  

-‐  Hi-‐res	  modeling	  of	  NO2	  verXcal	  profiles	  
	  
-‐  ObservaXons	  of	  aerosols	  and	  clouds	  
-‐  ObservaXons	  of	  NO2	  columns	  and	  profiles	  
for	  retrieval	  tesXng	  and	  validaXon	  



Observations to test TROPOMI NO2 within Ruisdael 

Strong	  day-‐to-‐day	  variability	  in	  columns	  

Ankie	  Piters,	  Tim	  Vlemmix	  



3. The future of air quality modeling 
Global	  models	  (1°	  x	  1°)	   Regional	  models	  (0.1°	  x	  0.1°)	  

Approach	  
set	  up	  high-‐resoluXon	  modeling	  experiments	  accounXng	  for	  interacXon	  

-‐  between	  dynamics	  and	  chemistry	  (chemical	  segregaXon)	  
-‐  between	  clouds	  and	  chemistry	  (via	  modified	  photolysis	  rates),	  
-‐  between	  clouds	  and	  dynamics	  (shading	  suppressing	  mixing),	  

Ruisdael	  contribu[on	  
-‐  Modeling	  of	  NOx	  and	  O3	  with	  DALES	  and	  WRF-‐Chem	  &	  TM5	  for	  
comparison	  

-‐  ObservaXons	  of	  NOx	  and	  O3	  to	  test	  DALES	  and	  develop	  params.	  
	  
	  



Summary 

•  TROPOMI	  captures	  build-‐up	  of	  NO2	  over	  a	  source	  region	  
	  -‐	  InformaXon	  on	  spaXal	  distribuXon	  of	  emissions	  	  

•  EsXmate	  noonXme	  NOx	  emissions	  on	  a	  day-‐by-‐day	  basis	  	  
	  -‐	  Weekend	  effect	  clearly	  seen	  

•  TROPOMI	  NOx	  emissions	  5-‐15%	  lower	  than	  inventory	  for	  2012	  

Day	  with	  
stagnaKon	  


