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Improved observation operators for the chemical
data assimilation of atmospheric trace gases

: Optimised co-location criteria
4. Conclusion
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For an ideal data assimilation...
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Observation operators used in

chemical data assimilation

2.2 The 4D-Var system

Data assimilation 1s done using 4D-Var (Talagrand and
Courtier, 1987). This method optimizes the model mitial
conditions to reproduce a set of observations over a time
window. This 1s done by minimizing the following objec-
tive function, J(x) (also denoted cost function) (Talagrand
and Courtier, 1987) using the standard notation of Ide et al.
(1997):

1
J(x) = Sx(r0) - x> (1)1 B, H[x(10) — x°(10)] + (1)

1 & _
3 Y G (t) — Hx(t)) RGO (1) — H(x(1;)
=0

given the model evolution equation

x(t;) = Mi—1[x(t; — 1)] (2)

where x(#; ) represents the model state vector at time 7;, xb(ro)
1s the first guess and By 1s the background error covariance
matrix of x°(79). Vectors v°(#;) and matrix R; are, respec-
tively, the observation state vector and the error covariance
matrix associated with the observations at time #;. The ob-
servation operator H maps the model state into the observa-
tion space and M 1s the model operator that calculates the
fime evolution of the model state. Minimization of Eq. (1)

<1 1 1 1 L .1 1. A L T

i i 1

outputs, while HALOE and POAM-III data are monitored by
the system and used for a posteriori evaluation of the BAS-
COE analyses. Assimilated data are volume mixing ratio at
the location of the tangent point and the observation operator

intel}golates linearlx the model values at the eight erid Boints
to the surrounding tangent Roint of any available observation

at =15 min of the model time step. In the monitoring proce-
dure, the BASCOE observation operator is used only to map
the analyses at HALOE and POAM-III locations. Finally,

D) (VL ac o o o ol oo A A o

Underlying assumption:
H(x(t)) reproduces
perfectly smoothing and
sampling characteristics
of the observation.
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Observation operator for an ideal ingestion? QQ
Air masses probed by GOME, Envisat and NDACC ground-based instruments
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= Pragmatic observation operators
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- Operators are expected to provide more than just an
adaptation of the resolution. They should also indicate
the sensitivity versus altitude, and show where there is
no (significant) information from the measurement, e.q.,
below clouds or after severe instrumental degradation.

- Operators must be affordable in terms of design (i.e., RT
tools exist or can be adapted at reasonable cost) and use
(e.g., no heavy RT calculation for every single ingestion).
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.. for an optimised selection and
ingestion of observations
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Horizontal smoothing by ground-based DOAS
and by Brewer/Dobson

Troposphere
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Horizontal smoothing by MIPAS: O,

2-D horizontal Averaging Kernels for a 1D profile retrieval
03 OFL Mid-latitude Horizontal AK
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Horizontal smoothing by MIPAS: T and H,0 @

2-D horizontal Averaging Kernels for a 1D profile retrieval
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1D vertical averaging kernels for GO

UVSpec Nadil O3 (AFGL76) Averaging Kernels @ 325.5 nm
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Arbitrary Units
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Horizontal smoothing by GOME-2

Horizontal dilution between Sun, scatterer and satellite
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Example: GOME-2 observation operators for
O; and (stratospheric) NO, columns

dil90, (0,)=4.10"*SZA+2.10™ *exp(0.35* SZA) +16.107 *exp(6.107 * SZ£)
dil90,, (NO,) =43.10" * SZA+312.10™"° *exp(0.2 * SZA) +33.107 *exp(5.10™* * SZ£)

dil90 . (0,)=0.0051*VZA
dil90_. . (NO,)=0.0056*VZA
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Smoothing error assessments
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Smoothing error for O; column measurements -

Ground-based zenith-sky observation at twilight
; S ~ Tarawa (Kiribati, 1°N/173°E)
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Vertical smoo'rhmg error for GOME O, profiles

GOME / ERS2
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Horizontal smoothing errors by GOME-2

Average Total 03 Column (TEMIS OMI assimilated fields)
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O;P horizontal smoothing error estimates

for MIPAS, SCTAMACHY, SAGE-II, GB-DOAS
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Interpretation of comparisons
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Error budget of a
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Error budget of a
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Optimised co-location criteria for better
comparisons, tracer-tracer correlations etc.
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Co-location for satellite NO, validation

Selection within 500km radius: pollution, meridian gradients, diurnal cycle...
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Co-location for satellite NO, validation

Selection based on observation operators
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Conclusion

the DA community is welcome |
1 Consideration of smoothing/sampling issues has demonstrated value
for:
0 Optimising co-location criteria
0 Assessing smoothing errors of an individual observation system
0 Assessing discrepancies due to differences in smoothing and sampling

0 More accurate error assessments need modelled/assimilated fields
at ~1° horizontal resolution.

a0 Information content aspects of merged data sets might be an issue.
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9.1 Introduction
& s detailed in previous chapters of this book, the atmospheric abundance of water vapour (H2O) is Hlm
monitored from the ground, balloons, aircrafts and satellites with a variety of measurement techniques, belspo
from i sifw thin film capacitive sensing (Chapter 1) and frost point hygrometry (Chapter 2), through
SPARC-DA7, Brussels, June 20-21, 2011 Lyman-c fluorescence hygrometry (Chapter 3), to emission and absorption remote sensing from the ground .I E




