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Why do we look for new sounding channels 
for MW and sub-mm instruments? 

•  Advances in mm-/sub-mm remote sensing 
technology  
–  Extended instruments’ spectral range (1 THz) 
–  Increased channel numbers (hyperspectral) 

•  Hyperspectral approach in mm/sub-mm range 
–  Clear sky (T-, H2O-, O3- profiles) 
–  Cloud properties 

•  NWP improvement by assimilation of additional  
spectral data 



Method 

•  To assess the information content for suitable 
channels one needs 
–  Background error covariance matrix B 
–  Observation error covariance matrix R 
–  Jacobian Matrix H 

•  Providing the covariance of the analysis error 
A=(B-1+HTR-1H)-1 

•  Degree of Freedom for Signal DFS=Tr(I-AB-1) 
•  Information gain: 

–  Entropy reduction: ER=0.5(log2(B)-log2(A)) 



The Atmospheric Radiative Transfer Simulator 
(ARTS) 

•  Clearsky: line-by-line; Jacobians: analytical 
•  Scattering: 

–  Discrete Ordinate Iterative approach (DOIT) 
–  Jacobians : perturbative 
–  Time consuming 
–  N-level calculations 
–  Optimisation required 

•  Simulated annealing.  
•  Optimised treatment of scattering. 



ARTS simulations 

•  2525 (276) preselected channels 
•  Simulations over land/ocean, Nadir/53°, clear 

sky 
•  Including Jacobians 

Spectral band Type Nb chan. Res. 4 Res. 3 Res. 2 Res. 1
(res. 4) (MHz) (MHz) (MHz) (MHz)

Around 60GHz O2 - Temperature 94 100 50 20 10
Around 118GHz O2 - Temperature 51 200 100 40 20
Around 183GHz H2O - Water vapour 51 400 200 80 40
Around 325GHz H2O - Water vapour 21 1000 500 200 100
Around 425GHz O2 - Temperature 17 1000 500 200 100
Around 448GHz H2O - Water vapour 17 1000 500 200 100

From 6.9GHz to 874GHz Window channels 25

Table 2.1 – Overview of the 276 frequency bands. The spectral resolutions are indicated for the
four resolution tested in this study. The number of channels corresponding to the lowest resolution
(resolution 4) is also indicated, for each band.

cloudy conditions [9].

2.3.2 Resulting ARTS TB dataset

For cloud-free cases, the radiative transfer simulations have been calculated for the above descri-
bed subsets of the “Chevallier” dataset, resulting in 1989 atmospheric states. The simulations have
been performed for all five channel sets previously presented, considering two different background
surfaces, ocean and land, with emissivities of 60% and 90%, respectively.

For the cloud-free cases, ARTS determines the Jacobians analytically during the simulation pro-
cess. The Jacobians were calculated with respect to absolute perturbations. ARTS uses SI units. The
simulated radiances are provided in terms of brightness temperature [K] per channel. The units for
the Jacobians with respect to the temperature profile are ∂Tb

∂Tleveli
= K

K , and with respect to changes in

trace gas profiles of H2O and O3 the units are ∂Tb

∂vmr
= K

1
, as the Volume Mixing Ratio is represented

in terms of the actual mass ratio kg
kg (not in terms of PPMV, as often used).

Fig. 2.6 provides some statistics on the minimum, mean, and maximum values of the simulated
TBs.

2.3.3 The ARTS Jacobians

The Jacobian matrices H have been computed with ARTS for a large number of channels over
the 1 to 1000 GHz spectral range, with two different observation angles (0◦ and 53◦) and for the
atmospheric profiles of temperature, water vapor, and ozone. In Figs. 2.7 and 2.8, the Jacobians for
H2O (q), and T are shown for the datasets CHAN LINES. The Jacobians are for one arbitrarily
selected profile.

The Jacobians for the channels intended for atmospheric sounding show the expected behaviors.
The Jacobians for water vapor are sensitive in the troposphere, mainly for the channels situated
around prominent water lines. The further the channel from the line center, the larger its sensitivity
at low altitude. The Jacobians in temperatures are significant for most sounding channels. This is
expected, as all channels are affected by spectral signatures which are temperature dependent.

Tests have been conducted to verify that the Jacobian calculations were correct, using Tb per-
turbations (Fig. 2.9).
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Atmospheric database 

•  1989 atmospheric situations from ECMWF 
•  Constraint on B-matrix availability 
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Brackground information from ECMWF 
•  From Holm and Kral 2012 
•  Clear sky only, for temperature, humidity and ozone 
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Sounding Channels 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
x 1011

200

210

220

230

240

250

260

270
Channel radiances, CHAN LINES, 15

Frequency[Hz]

Tb
 [K

]

 

 
Clearsky
DOIT



Sounding Channels 
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Window Channels 
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Jacobians H2O (Sounding channels) 
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Jacobians H2O (K/(kg/kg), 183.3 GHz) 
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Figure 2.12 – Jacobians in water vapor (K/kg/kg) in the 183 GHz band for the four spectral
resolutions.

functions limits the exploration of the high altitudes. The effect of the spectral resolution is not only
on the altitude of the peak of the Jacobian. It impacts also the Width at Mid-Height (WMH) of
the channels (i.e., the higher the spectral resolution, the lower the WMH, which is important for the
improvement of the vertical resolution of the retrievals). The amplitude of the Jacobians are also
higher at the finer spectral resolution.

To conclude, it can be noted that if the Jacobians were not impacted by the change of spectral
resolution, the decrease in the instrument noise with bandwidth (

√

(B)) would mean that no impact
should exist in the retrievals. But we just saw that (1) the height , (2) the amplitude, and (3) the
width at Mid-Height of the Jacobians are impacted. This means that the information provided at
the various spectral resolution is not the same and impact could be observed on the retrievals.
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Jacobians T (Sounding channels) 
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Jacobians O3 (Sounding channels) 
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Retrieval errors, Temperature Impact#of#spectral#resoluJon:#Temperature#
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Retrieval errors, q 
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Cloudy - conditions 
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Jacobians CLW 
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Summary/Conclusions 

•  Tools for the determination of sounding channels 
in the sub-mm/mm range suitable for NWP-use 

•  Jacobians for clear sky and cloudy conditions 
•  High resolution matters! 

 



Summary/Conclusions 

•  Optimisation of Setup (not only) for cloudy 
conditions recommended 

•  Jacobians for Cloud Ice Water similar for 
different cloud sizes 

•  Jacobians w.r.t.Cloud Liquid Content strongly 
depend on boundary conditions 
–  Cloud thickness, cloud height  
–  Neighboring ice clouds 
–  Surface  
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