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ÅSatellite measurements: NO2 tropospheric columns V  
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é and beyond: 

ÅDownwind plume evolution contains lifetime 
information!  

ÅDerive E independent from models 

  

 

 

 



Estimates of NO x lifetimes from satellite  

Å Leue et al., JGR, 2002: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Å  t~1 d  

Å Biased high! (GOME-resolution!)  



Estimates of NO x lifetimes from satellite  

Å Beirle et al., GRL, 2004: 

 

 

 

 

 

 

 

 

 

Å  t~5 h  

Å Specific conditions:  
strong & stable seasonal winds 



Riyadh is particularly suited: 

ÅStrong , isolated  source 

ÅHomogeneous  terrain & wind fields (no coast!)  

ÅNo clouds!  

Mean tropospheric 

NO2 TVCD 2005-2009   

(DOMINO v1.02, 

cloud-free (TEMIS) 

For calm (<2m/s) and 

different wind 

directions (ECMWF) 

Estimates of NO x lifetimes from satellite  

Å Beirle et al., Science, 2011: 

 

 

 

 

 

 



Estimates of NO x lifetimes from satellite  

L(x)=ñVdy 

2D TVCD V(x,y)       ­        1D ñLine densityñ (LD) L(x)  
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Estimates of NO x lifetimes from satellite  

L(x)=ñVdy 

2D TVCD V(x,y)       ­        1D ñLine densityñ (LD) L(x)  

Fit: Truncated exp convolved with Gaussian  

Gaussian  accounts for  

- spatial source extension 

- dilution in wind direction 

- changing wind speeds 

- satellite ground pixel size 



Estimates of NO x lifetimes from satellite  

L(x)=ñVdy 

2D TVCD V(x,y)       ­        1D ñLine densityñ (LD) L(x)  

Fit: Truncated exp convolved with Gaussian plus background  

       

 

 

 

 

 

 

 

Source position may be fitted as well  



Estimates of NO x lifetimes from satellite  

L(x)=ñVdy 
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Estimates of NO x lifetimes from satellite  

L(x)=ñVdy 

2D TVCD V(x,y)       ­        1D ñLine densityñ (LD) L(x)  

Time constant : t=x0/w 

ENOx=1.3E 

Fit: Truncated exp convolved with Gaussian plus background  



NOx lifetimes and emissions  

ÅDownwind decay can be well described by a single e -
folding distance  ­ effective lifetime teff  - 
despite nonlinearities : 



NOx lifetimes and emissions  

ÅDownwind decay can be well described by a single e -
folding distance  ­ effective lifetime teff  - 
despite nonlinearities : 

ïChemistry:  OH/NOx chemistry: NOx lifetime depends on NOx conc. 



NOx lifetimes and emissions  

ÅDownwind decay can be well described by a single e -
folding distance  ­ effective lifetime teff  - 
despite nonlinearities : 

ïChemistry:  OH/NOx chemistry: NOx lifetime depends on NOx conc. 

ïMathematics:  <exp( -t/ti)> Í exp(-t/<ti>)  



NOx lifetimes and emissions  

ÅDownwind decay can be well described by a single e -
folding distance  ­ effective lifetime teff  - 
despite nonlinearities : 

ïChemistry:  OH/NOx chemistry: NOx lifetime depends on NOx conc. 

ïMathematics:  <exp( -t/ti)> Í exp(-t/<ti>)  

ïSmoothing effects! 
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ÅDownwind decay can be well described by a single e -
folding distance  ­ effective lifetime teff  - 
despite nonlinearities : 

ïChemistry:  OH/NOx chemistry: NOx lifetime depends on NOx conc. 

ïMathematics:  <exp( -t/ti)> Í exp(-t/<ti>)  

ïSmoothing effects! 

Å teff  relates emissions to columns ! 

ÅRiyadh :  

 teff =4± 0.4 h 

 ENOx=246 mol/s  



ÅApplicable to strong ñpoint sourcesñ with low background 

ÅE generally in  
agreement with 
EDGAR  
(except Riyadh!) 

NOx lifetimes and emissions  

EDGAR version 4.1. http://edgar.jrc.ec.europa.eu/ 
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NOx lifetimes and emissions  

EDGAR version 4.1. http://edgar.jrc.ec.europa.eu/ 

Riyadh (~7M people)  
is highly polluted!  
High ozone levels! 
Should be kept in  
mind, even if <10M!  
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New study: Valin et al., GRL, 2013  

ÅFocus on Riyadh 

ÅDownwind decay for different wind speeds separately 

ÅResults: 

ï t depends on wind speed 

ï t    = 6.7 h    4.0 h  

ïENOx = 135 mol/s   246 mol/s  

Valin et al., 2013 
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t  =      5.5  4.5 h  -18% 

ENOx  =  135  188 mol/s  39% 

 

E is biased low: 

- Integrated column to 300 km  
(instead of infinity):     8-12% 

- Negative Background    7-13% 

Valin et al. vs. Beirle et al. vs. Beirle reprocessing 


