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Method selected is 
chemistry 4D-var because

• is a BLUE, which links mode with data  
consistently,

• it is computationally feasible

• allows for nearly any parameter to optimise, 
which is maximum in                               
system control *  uncertainty = > Mahalanobis



EGS-AGU-EUG, AS6 8 April 2003

In the troposphere for emission rates
(paucity of knowledge* importance)
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Theoretical system observability
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Example: heterogeneous chemistry:
critical case N2O5 and ClO not observed, 

how analysed?
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Normalized 
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Empirical Kinetic Model Approach scheme
Problem in  the troposphere:
A huge number of hydrocarbons (VOCs),
only very few, if any, observed

Isopleths of 
ozone production, 
due to NO2 and VOC
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Cost function and gradient for
relative background information of 

volatile organic compounds
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Relative a priori information: the 
VOC problem, only O3 and NO2 observed
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Tropospheric NO2 column
as inferred by the model for August, 7, 1997, 10:30 UTC
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Conclusion Observability

• Stratosphere: 
advanced data assimilation methods will analyse 

gas phase states  by  present and future satellite 
retrievals with some skill

• Troposphere
gas phase state analysis only feasible by 

comprehensive a priori (ancillary) system 
knowledge (e.g.emission characteristics)
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Observation representativity

• Does the measurement represent the proper 
chemical regime?                                 
tangent linear assumption fulfilled?

• Is the Gaussian error distribution fulfilled?
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4D-var configuration
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On the error of representativity

SO2

NO

CO

NO2

O3

BERLIOZ, July 1998
54 km horizontal resolution
Greater Berlin area
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CRISTA retrievals and analysis 6.-7.Nov. 1994 57.5 N 71.25 E
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COMMA-SACADA 4Dvar DA system

ClONO2 analysis by CRISTA data 

11 hPa analysis for 12 Nov. 00 UTC with 24 hours assimilation intervall
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Conclusion 
Observation Representativity

• Stratosphere: 
Representativity error of observations can be 

expected to be roughly Gaussian except at 
polar vortex and terminator edges (some 
species)

• Troposphere
“ land use”  controlled, frequently not Gaussian
=> Finer resolution to avoid non-Gaussian 

methods
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0.51930.43080.520217 062Nov.11

0.56270.52300.550936 106Nov.10

0.49430.43420.439020 329Nov.09

0.23320.11810.144012 726Nov.08

0.23130.15770.154531 536Nov.07

0.56880.46950.392640 283Nov.06

0.48700.39980.344732 906Nov.05, 

0.41060.433414 340 Nov.04, 

curv 50% bg
error

curv 100% 
bg error

gradient 
averaging

no. of obs.run

Controlability by A posteriori validation of assimilation 

Jopt = p/2, or normalised: Jopt = 1/2 
p := degree of overestimation
(i.e. # observations if full background information introduced,
necessary condition only)
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Semi-rural measurement site Eggegebirge

assimilation interval forecast

7. August                             8. August 1997

+ observations
no optimisation

initial value opt.

emis. rate opt.

joint emis+ 
ini val opt.
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Harwell, Eggenstein, Deuselbach, Bexbach
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error statistics
bias (top), root mean square (bottom)

assimilation window forecast

forecast

assimilation window
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BERLIOZ, July 1998, Greater Berlin area 
54 km horizontal resolution

14 hours assimilation, 28 hours forecast
O2 SO2 NO2

Tempelhof

Eichstädt Eichstädt

Fronauer Turm
Wildau

Karlshorst
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Conclusion 
Controlability

• Stratosphere: 
Chemical state (.i.e. initial values) suffice as 

parameter for medium range prediction

• Troposphere
Emission rates, depositions (dry, wet, 

sedimentation) excert major system control: to 
be included as optimisation quantity  
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Paris stations

Tour Eiffel 300 m

Tour Eiffel   50 m

Rambouillet

first guess
optimisation of
initial values
emission rates
joint initial values
emission rates
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Which model parameter is amenable for optimisation 
by data assimilation?

emission biased model state

only emission rate opt.

only initial value opt.
true state

observations

time

co
nc

en
tr

at
io

n

Hypothesis: initial state and emission rates are least known 

joint opt.

Answer: The most sensitive (unknown) parameters 
in units of error variances (on a given time scale)
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