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- Method selected is
chemistry 4D-var because

e [saBLUE, which links mode with data
consistently,

e It 1scomputationally feasible

 allowsfor nearly any parameter to optimise,
which is maximum in
system control * uncertainty = > Mahalanobis
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In the troposphere for emission rates
(paucity of knowledge* importance)
IS high
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Theoretical system observability

Objectives of observability tests:
e Test the adjoint code
e Explore the potentials and limits of 4D-var data assimilation:

— How well can we analyse the atmosphere’'s chemical state given ENVISAT obser-

vations?

— Alternatively: What observations do we need for comprehensive analysis?
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Features of the Chemistry Module (following Hendricks et al. 2001):

e Outcome of OFP model inter-comparison

e Treatment of 43 atmospheric constituents

e 148 gas phase reactions (34 photolysis reactions)

e 7 heterogeneous reactions on NAT, ice and sulfate aerosol

e Recoded with 2nd order Rosenbrock solver with adaptive step size
Definition of three representative cases GAS, HET and HETPSC :

GAS HET HETPSC

Day of Year 172 | 41 250
Latitude 60° |45° N 75°S
Pressure [hPa] 10.0 | 50.0 50.0
Temperature [K] 226 | 218 191
Surface areas [um?/cm?]:

PSC Ia 0 | o0 13
PSC Il 0 | o0 13
Sulfate Aerosol 0 2 0.8

First guess was derived from reference run initial values

01or20

multiplied by a factor of
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Available ENVISAT Observations:

Mipas | Sciamachy Mipas | Sciamachy

O3 X X HoOo X *

H,O X X HNO; X

CHy X X HNO, X *

N,O X X NoOs X *

NO x * x ¥ CIONOs x *

NO, X X HOCI X *

NOs X * OCIO x *1
ClO x *1 x *1 HO, X *

BrO X

X = operational data products, X* = non operational data products

I under ozone hole conditions
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AIUlEURAD
"~ Example: heterogeneous chemistry:

critical case N,O and ClIO not observed,
Results for case HET how anal ysed’?
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standard set of observations Normalized
analysis errors
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Results from Observability Tests:

e To better analyse Chlorine species it was sufficient to add one of ClO, CIONO,,
HOCI or OCIO to the standard data set.

e The BrO observation is needed to analyse Bromine species.

e Assimilation results are fully satisfying with the seven species of standard data
set ( N,O, CH4, HNO3, H>O, O3, NOy, BI’O)

e With extended data set the algorithm manages to recover the reference run

almost perfectly in the majority of cases.
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"~ Problemin the troposphere
A huge number of hydrocarbons (VOCs),
only very few, if any, observed

| sopl eths of
0zone production,
dueto NO2 and VOC
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~—= Cost function and gradient for
relative background information of

volatile organic compounds
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~ ~ Relativea priori information: the
V OC problem, only 03 and NO2 observed
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Tropospheric NO, column
as inferred by the model for August, 7, 1997, 10:30 UTC

[molecules/cm?]
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Conclusion Observability

o 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?

e |sthe Gaussian error distribution fulfilled?
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~~Froposphere: EURAD 4D-var data assimilation

4D-var configuration

emission rates

—_

© O
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emission mo 5
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emission 1. guess ©
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NO

CO

On the error of representativity

BERLIOZ, July 1998
54 km horizontal resolution
Greater Berlin area
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CRISTA retrievals and analysis 6.-7.Nov. 1994 575N 71.25 E
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COMMA-SACADA 4Dvar DA system
CIONQO, analysis by CRISTA data

\ |CIONO2  [ppb]

clono2_010.9hPa_31512-31612 [ppb] 20

11 hPa analysisfor 12 Nov. 00 UTC with 24 hours assimilation intervall



RIUMEURAD EGS-AGU-EUG, AS6 8 April 2003

—

Conclusion
Observation Representativity

o Stratosphere:

Representativity error of observations can be
expected to be roughly Gaussian except at
polar vortex and terminator edges (some
Species)

e Troposphere
“land use’ controlled, frequently not Gaussian

=> Finer resolution to avoid non-Gaussian
methods
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Z—=— Controlability by A posteriori validation of assimilation

J=(y- H(x(t))"(HBH' - R) *(y - H(x(t))
J.. = p/2, or normalised: Jopt = 1/2

opt
p := degree of overestimation
(i.e. # observations if full background information introduced,

hecessary condition only)

run no. of obs. gradient |curv 100% |curv 50% bg
averaging | bg error error

Nov.04, 14 340 0.4334 0.4106

Nov.05, 32906 0.3447 0.3998 0.4870
Nov.06 40 283  0.3926 0.4695 0.5688
Nov.07 31 536 0.1545 0.1577 0.2313
Nov.08 12 726 0.1440 0.1181 0.2332
Nov.09 20329 0.4390 0.4342 0.4943
Nov.10 36 106  0.5509 0.5230 0.5627]
Nov.1l1l 17 062 0.5202 0.4308 O.5193|
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~~=Semi-rural measurement site Egoegenirge

7. August

8. August 1997

80 I I | I I
. |
| SRS - ! .
.: \' -'- 1
:..I ~. ‘-_ ‘
- i 3 ‘ -
o -
- < N L e
60— 7 ~ ; > |
ol ! - ‘
L Q A | -
- L
- + +
— L £ < | et i
4 : ¥ | + 9
o r .
a - -y + + (“ 1 + S T e o
[ I3 % : 7 \ =+
o s + * +\'.‘!_ N \ +
S 40— T+ £ : —
5 40 f " + 5 Y
o _ E+ + ‘ “ + Ly _
- e g . '~
B k Dy + + i+ ~
-z 5 \ AN o '~
IS - 1: . N ] o
K N, * s
| S o A +
_ o+ s, + / -
T 3 ~
+l'4 | -.'.\_.'* ; /
20— sk e —
20 | N Ey +
H et
'!'I ! Nt -
o -
u ‘ .
| +
1 1 | 1 + 1 1 1
06 12 18 4 06 2 18 24
ho

aug/_fg

ésimilation inter\[@

forecast

+ observations
no optimisation

initial value opt.

emis. rate opt.

joint emis+
Ini val opt.




RIUMEURAD EGS-AGU-EUG, AS6 8 April 2003

—

Harwell, Eggenstein, Deuselbach, Bexbach
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error statistics

bias (top), root mean square (bottom)

<ssi miil ation window > | forecast >

<ssimilation Wi nd%

forecast >
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— BERLIOZ, July 1998, Greater Berlin area
54 km horizontal resolution

14 hours assimilation, 28 hours forecast

Tempel hof Wildau
Fronauer Turm

Eichstadt Karlshorst Eichstadt
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Conclusion
Controlability

o Stratosphere:

Chemical state (.1.e. initial values) suffice as
parameter for medium range prediction

e Troposphere
Emission rates, depositions (dry, wet,

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

Tour Eiffel 300 m

........ first guess
optimisation of
Tour Eiffel 50 m — - —Initia values
— — eMmission rates
joint initial value:
emission rates

Rambouillet
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Mhich model parameter is amenable for optimisation
by data assimilation?
Answer: The most sensitive (unknown) parameters
IN units of error variances (on agiven time scale)

Hypothesis: initial state and emission rates are least known

emission biased modedl state

I

/ only initial value opt.

4 N joint opt.

servaﬂms\
_only emission rate opt.

time

concentration
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