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K Jacobian matrix (               )

Sy,noise measurement noise covariance matrix

radiative transfer-forward model, incl. additional parameters b

R regularization matrix

Retrieval equation used for MIPAS data (IMK/IAA):

Averaging kernel matrix

Gain matrix

Retrieval
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Error calculation (see von Clarmann et al., 2022)

G is available from the retrieval

Kb has to be specifically calculated

Error types

• systematic

• random

• „headache“

• entangled (sequential retrievals: TLOS, ozone, water vapour, . . .)

dedicated forward calculations
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Example: spectral gain calibration error in gas 

retrieval

• Gain error impacts on TLOS retrieval and gas retrieval.

• Sequential retrieval: can TLOS error due to gain be expected to cancel out?

• MIPAS has 5 spectral bands (A, AB, B, C, D)

• TLOS retrieval is done exclusively in MWs in band A

• gas retrievals possibly employ different bands (plus band A)

• There are three cases:

1. gas MWs only from band A

2. gas MWs from AB – D

3. gas MWs from A plus AB - D

Note: random and systematic components of gain calib. error are essentially 

uncorrelated between the different bands.
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In general:

Case 1. (gas MWs from band A only)

Case 2. (gas MWs not from band A)

Case 3. (gas MWs from band A plus at least another band)

direct gain error 

gain error propagation from TLOS 

Use this factor only for spectral points from band A
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From Kleinert et al., 2018

Level 1b error contributions (2σ)
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Spectroscopy error contributions (ozone 

retrieval)

From Kiefer et al., 2023, based on HITRAN16 (Gordon et al., 2017) and the MIPAS 

specific spectroscopy data base
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• Having an error estimation for each single MIPAS measurement 

geolocation is pie in the sky.

• For split-up of „headache“ errors: use a sufficient number of 

single geolocations

• Atmospheric conditions/illumination vary

Representative error calculations

 Define representative atmospheric conditions (34), and for each of these do 

error calculations for 30 – 35 single geolocations

This gives a total of approx. 1000 single error calculations.
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From Funke et al., 2023
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Fig. 2 from von Clarmann et al., 2022

Resulting error profiles for one single geolocation
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Fig. 3 from von Clarmann et al., 2022

Resulting error profiles for a repres. atmosphere
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Deliveries (Paper supplements)
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Deliveries (Paper supplements)
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Deliveries (MIPAS data set)

In the retrieval result data files a „quasi-individual“ error budget is given:

• Noise is available for each geolocation

• The errors of multiplicative kind are scaled by the ratio of the vmrs of actual

to corresponding representative gas profile.

• These, together with the additive errors from the corresponding

representative atmosphere,  are then used to compile the random and 

systematic components.



15
Fifth SPARC TUNER Meeting,  18.-20. April 2023, KIT-IMK Karlsruhe

Reliablity of spectroscopic errror 

contributions ?
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Reliablity of mean representative profiles ?


