From columns to emissions:

What can we learn from satellite observations?
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A Satellite measurements: NO, tropospheric columns V

A V depend on emissions , transport , and chemistry
V=f(E,w,1)

AidMainstreamid application:
I Tune emissions until modelled and observed columns match
I Assumes thattransport and chemistry are known!
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¢ and beyond:

A Downwind plume evolution contains lifetime
iInformation!

A Derive E independent from models



Estimates of NO | lifetimes from satellite

MAX-PLANCK-INSTITUT
FUR CHEMIE

A Leue etal., JGR, 2002:
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A Beirle et al., GRL, 2004: km
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A Beirle et al., Science, 2011;
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Riyadh is particularly suited:
A Strong , isolated source
A Homogeneous terrain & wind fields (no coast!)

A No clouds!
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Estimates of NO |, lifetimes from satellite

2D TVCD V(x,y) -

o — | L(x)=fvdy

Fit: Truncated exp
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Estimates of NO , lifetimes from satellite
2D TVCD V(xy) - 1D ALine densityf (LD)
W— | L=ty ;. —

X [km]

Fit: Truncated exp convolved with Gaussian

T\ E ] Gaussian accounts for
o - Spatial source extension

ki ) - dilution in wind direction
J/ | - changing wind speeds
— - satellite ground pixel size

o " " " s N
-100 -50 0 50 100 150 200 250 300
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Fit: Truncated exp convolved with Gaussian
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NO, lifetimes and emissions

A Downwind decay can be well described by a single e -
folding distance - effective lifetime  t_ -
despite nonlinearities
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A Downwind decay can be well described by asingle e -
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despite nonlinearities
I Chemistry:  OH/NQ, chemistry: NO, lifetime depends on NO, conc.
[ Mathematics: <exp(-t/t) > | -t&<x3 (
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NO, lifetimes and emissions

A Downwind decay can be well described by asingle e -
folding distance - effective lifetime  t_ -
despite nonlinearities
I Chemistry:  OH/NQ, chemistry: NO, lifetime depends on NO, conc.
[ Mathematics: <exp(-t/t) > | -t&<x3 (
I Smoothing effects!

A t_: relates emissions to columns !

A Riyadh :
t.=4+0.4 h
Enox—=246 mol/s
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New study: Valin et al., GRL, 2013
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Downwind decay for different wind speeds separately
Results:
t depends on wind speed
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Valin et al. vs. vs. Beirle reprocessing
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Valin et al. vs. vs. Beirle reprocessing
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Valin et al. vs. vs. Beirle reprocessing
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Valin et al. vs. vs. Beirle reprocessing
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Valin et al. vs. vs. Beirle reprocessing
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t
ENOx

55 45 h -18%
135 188 mol/s 39%

E Is biased low:

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

- Negative Background 7-13%



