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Degree of Nonlinearity
For any particular problem the degree of nonlinearity 
can be examinated by evaluating:                                

δy = [F(xr) – F(x) – K(xr – x)]
for values of x at the equivalent of one standard 
deviation away from xr by using x = xr ± ei where ei 
is an error pattern of the solution error covariance Sr. 
The size of δy can be evaluated by comparison with 
Sε using c2 = δyTSε

−1δy, a quantity like a χ2.

CONCLUSIONS
● MIPAS forward model is nearly linear within  
the error bounds of real retrieved data
● Assimilation of linearised measurements or 
of the information content could be constructed  

BACKGROUND
Assimilation of remote sounder data has not done 
well in the past.

�Assimilating retrievals has problems: 
➢finite vertical resolution,
➢non-diagonal covariance,
➢influence of a priori. 

Inadequate treatment has meant that much of the 
information content has been ignored.

�Assimilating radiances is better, but still has 
problems: 
➢complicated and time consuming forward 
models have to be approximated
➢sometimes measurement errors are not 
independent
➢systematic errors are usually not 
independent
➢modern high spectral resolution instruments 
have a high data rate
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An Alternative Approach
Assimilation with a view to information content:
➢represent the data in a form that is linear in  
assimilated parameters, with errors which are 
independent 
➢the linearisation must be valid over an  
appropriate range of the parameters 
➢provide a full characterisation of the transformed 
data

Possibilities are:
➢linearised and prewhitened forward model, 
evaluated at an offline retrieval
➢averaging kernel representation of the retrieval, 
prewhitened
➢either of these can be compressed by the use of 
singular vectors of the linear model

Critical insight: 
The linearisation need only be valid within the error 
bounds of the retrieval. This applies to both 
approaches.

Example: showing how a priori is removed, using 
the averaging kernels
The retrieval vector xr can be related to the true state x by 
an equation of the form

xr = xa + A(x - xa) + ε
where ε is experimental error with covariance Sε, and xa is 
the a priori and A is the averaging kernel matrix. 
We can rearrange this as:

y = xr - xa + Axa = Ax + ε
so that y is an estimate of Ax with error 
ε. Premultiplication of both sides by a square root of Sε, 
such as its Cholesky decomposition, will transform the 
error to be a unit matrix.

The purpose of this paper is to determine whether 
MIPAS products can be assimilated in this way.

Therefore we investigate the linearity of the MIPAS 
forward model within the error bounds of real 
retrieved data.

Error Patterns
Basis in which the errors are independent by 
diagonalising the covariance matrix, SL = LΛ 
(for a symmetric matrix: L-1 = LT)

S = Σiλilili
T = Σieiei

T, 
where the orthogonal ei are λi

1/2li, called 
“error patterns”. An example of the error patters 
of retrieval noise covariance of ozone
is shown in Figure 2. 

Next Step
Assimilation of MIPAS data at DARC using this  
alternative approach 
➢Linearisation of the forward model
➢Averaging kernel representation of the 
retrieval

Figure 2.: Error patters of the retrieval covariance of Ozone. 

Figure 3: Worst example of comparison between forward model 
(F) and linearised forward model (K·x) for a O3 microwindow. 

The nonlinearity parameter c2 = δyTSε
−1δy for the 

ten largest error patterns of the retrieval covariance 
is shown in the tables for pressure and temperature, 
water vapor and ozone (MIPAS retrieved profiles 
of 20020925, 03:10:57, 50.99 lat. -74.12 lon). 
The comparison is evaluated in the MIPAS 
microwindows (selected spectral intervals).
Four cases are examinated: effect due only to the 
retrieved species (worst case) and due to all species 
(real case), coming from the full retrieval range and 
from the MIPAS Occupation Matrices OM defined 
as [microwindows, altitudes] optimal selection. 

The values of the nonlinearity parameter are all 
much less than unity, indicating that within the 
range of the solution error the problem is nearly 
linear.

Figure 1: Example of the comparison between the forward model 
(F) and the linearised forward model (K·x) for a pT microwindow. 


