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Figure S1. Flow chart covering the main steps and options of the 3D-Var-Chem.

Figure S1 provides a summary of some of the main steps and options of the 3D-Var-Chem,
omitting here some of the various intermediate steps. As illustrated in this figure, the 3D-Var
package can be used not just for (1) general assimilation but as well, and at least, for (2)
identification of observation outliers (background check), (3) monitoring (determination of O-P
only), (4) testing using single observation experiments, and (5) stand-alone analysis splitting. The
term “analysis splitting” that is discussed below in greater detail refers to the process of



25
26
27
28
29

30
31

32

33

34
35
36
37
38
39

2of 15

transferring increments for fields where observations were or are available to correlated model
state fields for which observations are not available. This and the optional scaling of error

standard deviations shown as part of the figure are two of the various features implemented as
part of the 3D-Var-Chem.
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Figure S2. Scalar gain for Os, CHa (from left to right) top row, N2O, HNOs middle
row and NO: and logarithm of H20 bottom row.



40

43
44

45
46

47
48

49

50
51
52
53

7nx1000

7x1000

CHa4

0.1

%1000
P

100

i 1000
1 10 100 1 10 100

Wavenumber

HNO:s
0.1 '

7%1000

1 10 100 1 10 100
Wavenumber

In(H:0)
! 0.1 !

o
o

° 10
X
=

100

1000

1 10 100 1 10 100
Wavenumber Wavenumber

Figure S3. Background error correlation spectra from 6hr-difference method.

From left to right, Os and CHs top row, N20 and HNOs middle row, and NO2 and
In(H20) lower row.
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Figure S4. Background error variance from 6hr-difference method. From left to
right, Os and CH4 top row, N20 and HNOs middle row, and NO: and log(H20)

lower row.
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HNO:s middle row, and NO: and In(H20) bottom row.
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Figure S6. Mean analysis increment for Os, CHs, N20, NO: (from top to bottom) for
the period of August 17 to Septemeber 5, 2003. Left panel using the first guess or
old error statistics. Right panel using the new error statistics consisting in CQC
error correlation and HL error variances.
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Figure S7. Scatter of O3 and streamfunction values between 10 and 100 hPa for the
month of March 2003.
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Figure S8. Cross-correlation between ozone and temperature derived from the 24-
hr difference (i.e. CQC) method for July 2003. Left panel is for a non-interactive
ozone-radiation run of GEM-BACH and right panel for an interactice ozone-radiation
run.
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new AMSU-A bias correction based on assimilation of MIPAS temperature only in the

stratosphere.
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the standard AMSU-A bias correction. Lower panel using the new AMSU-A bias
correction based on assimilation of MIPAS temperature only in the stratosphere.
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