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General context: assimilation of observations of
chemical atmospheric components

In their report on last year's SPARC DA workshop, Jackson & Polavarapu write:
;‘-C)zcgn in reAnaIyses remains a challenging re. iItaAI 6n _ Is ]l
be useful, the vertical distribution is generally unreliable because of the dearth of |

vertical profile measurements.”

“... As a result, 6 target areas for future activity were identified...
The second goal follows largely from the talks of Lambert and Yudin, and this is to
develop a greater interaction between the satellite retrieval and data assimilation
communities.”
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Outline
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Observation operators in assimilation

2.2 The 4D-Var system

Data assimilation 1s done using 4D-Var (Talagrand and C cU DYy UIC DASTU ySIC O CO B A
Courtier, 1987). This method optimizes the model nitial outputs, while HALOE and POAM-III data are monitored by
conditions to reproduce a set of observations over a time the system and used for a posterior1 evaluation of the BAS-

window. This 1s done by minimizing the following objec- . . :
. - , - : COE analyses. Assimilated data are volume mixing ratio at
tive function, J(x) (also denoted cost function) (Talagrand =

and Courtier, 1987) using the standard notation of Ide et al. the location of the tangent point and the observation operator

(1997): intellzolates linearlx the model values at the eight grnd Boints

1 b, ATe—1 b to the surrounding tangent point of any available observation
J(x) = E[X(ro) —x (f0)]" By "[x(70) — x"(70)] + (1)

at =15 min of the model time step. In the monitoring proce-
dure, the BASCOE observation operator 1s used only to map

| N
= °(t;) — H(x(t)) R (y° (1) — H (x(s; . .
2 g(y () = H@D" R, (v () = Hx(t)]) the analyses at HALOE and POAM-III locations. Finally,

» () L. = = A A A o Ay s A o o

given the model evolution equation
x(1i) = Mi—1[x(1; — 1)] (2)

where x(7;) represents the model state vector at time #;, xb(ro)

1s the first guess and By 1s the background error covariance Observation, |e iﬂClUding a” SmOOthing
5 b e O+ . e _ \ . .
matrix of x°(79). Vectors y°(#;) and matrix R; are, respec and Samphng propertIeS Of the Observat|on

tively, the observation state vector and the error covariance

matrix associated with the observations at time #;. The ob- SyStem in both the vertical and horizontal

servation OBerator H maps the model state into the observa- d | menSiOnS
tion space and M 1s the model operator that calculates the _ '

time evolution of the model state. Minimization of Eq. (1)
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Observation operators

The airmass contributing
to the retrieved value is
determined by (1) the
forward model, that is,
the radiative transfer
through the atmosphere
following the entire
optical path of photons

detected by the |

observational set up, and [

by (2) the retrieval
model.

At the spatial resolution of current Data Assimilation systems, this airmass may
spread over multiple model grid cells, and is often not centered on the nominal
location of the observation (e.g. tangent point or footprint).

»» smoothing and sampling issues in the horizontal and vertical directions!
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Pragmatic observation operators

Objectives
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Pragmatic observation operators
R—— An example: Oz with MIPAS

satellife
Ground Track

: ""fang_,_e"ﬁt Height
@ £10km Rearward Sideways
L/ /~500 km Viewing Range Viewing Range -

adjustable 0 - 500 km

be
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Pragmatic observation operators

An example: Oz with MIPAS
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lllustration

SCIAMACHY
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Illustration

O3 horizontal smoothing errors

: I Ozone VMR (IFS-MOZART reanalysis field)
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Illustration

(Smoothed - Actual) / Actual [%]

agranamie
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SCIAMACHY limb-scattered UV-Vis sunlight observations at 15km altitude above Uccle, B
Uccle (50.8", 4.3")

W
o
o

. Extreme events may cause “data loss” |

Median: 0.73% T — — , |
Mean: 5.14% S —— S— e
~ . An additional noise term is introduced. |

Smoothing Error [%]

Pgsiv base in winter - due solely o t sotnropi ay
Introduce unphysical seasonal signals in comparisons!
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Illustration

R —

“Apparent discrepancies due to Oz smoothing differences

MIPAS - SCIAMACHY relative difference in O3 VMR @ 20km on 15-Oct-2008 (original field: ECMWF fbov)
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Application

MIPAS OL 4.61 O3 vs LID HohenpeiRenberg DWD (47.8°,11.0°) - Jan-Dec03
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Application

GOME-GROUND [10"°mol.cm™]
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Conclusions and prospects

SPARC DA-9, NMT, Socorro 13/06/2012 be

belspo °



