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Abstract—CryoRad is a candidate satellite mission concept
equipped with a broadband low-frequency microwave radiometer
operating between 0.4 and 2 GHz with continuous frequency
coverage. Its primary objective is to advance cryosphere science
by delivering new geophysical variables critical for ocean and
climate studies. CryoRad will provide temperature profiles of
the Antarctic and Greenland ice sheets from surface to bedrock,
previously accessible only through sparse borehole observations,
and will address long-standing limitations of L-band radiometers
in retrieving sea surface salinity (SSS) in cold waters. Fur-
thermore, the mission aims to significantly improve estimates
of sea ice thickness, volume, and salinity, thereby enabling a
more comprehensive characterization of the polar ocean–sea
ice system. To quantify the scientific return and support the
definition of radiometer performance requirements, we combine
forward modeling and sensitivity experiments with data from
the ECMWF ORAS6 ocean reanalysis. ORAS6 includes a mul-
ticategory sea ice model with prognostic ice salinity, providing
spatially and temporally consistent fields of sea ice concentration,
thickness, volume, temperature, and salinity. These parameters
serve as a physically consistent baseline for simulating CryoRad
brightness temperatures using simplified one-layer emissivity
models. Sensitivity analyses reveal the frequency-dependent im-
pact of ice thickness, salinity, and ocean surface properties on
measured brightness temperatures.

Index Terms—CryoRad, microwave radiometry, sea-ice thick-
ness, ORAS6, P band, L band, brightness temperature.

I. INTRODUCTION

Low-frequency passive microwave radiometry provides all-
weather sensitivity to polar ocean and sea-ice variables. Exist-
ing 1.4 GHz observations have demonstrated value for thin
sea-ice thickness retrieval [3], [6], but a single protected
channel cannot separate sea-ice thickness (SIT), sea-ice con-
centration (SIC), salinity, temperature, snow, and ocean state

everywhere. A broadband instrument providing brightness
temperatures at frequencies less than 1.4 GHz can add spectral
contrast and deeper penetration into sea ice.

The potential of sub-L-band radiometry for sea-ice thick-
ness retrieval was already demonstrated in pioneering low-
frequency passive-microwave observations over the Weddell
Sea by Menashi et al. [5]. Subsequent airborne and modeling
studies further showed that observations between about 0.5
and 2 GHz contain information on both sea-ice thickness and
salinity [7], [8]. These studies motivate a wideband approach
in which the frequency dependence of brightness temperature
is used to distinguish thickness effects from salinity, temper-
ature, concentration, and ocean-surface contributions.

The CryoRad concept measures continuously from 0.4 to 2
GHz. Preceding mission studies have emphasized that lower
frequencies increase emission depth in sea ice and improve
sensitivity in cold polar oceans. High-latitude coverage and
product resolutions better than 50 km at 0.4 GHz and 15
km at 1.4 GHz are central requirements [1]. Here we use
ORAS6-driven simulations to trace these requirements to sea-
ice observables.

A central result of this paper is the identification of the
geophysical parameter that most strongly controls the simu-
lated brightness temperature at each location and frequency.
This follows the concept of sensitivity attribution used by
Richter et al. [6], who compared 1.4 GHz sea-ice signatures
from different radiative-transfer models. We extend this idea
to the CryoRad 0.4–2 GHz band by constructing influential-
parameter maps from ORAS6-based perturbation experiments.
These maps indicate where the signal is primarily thickness-
dominated and where it is instead controlled by concentration,



Fig. 1: Climatological winter mean sea surface salinity (SSS)
and sea-ice thickness (SIT) from ORAS6 on a 12.5 km EASE2
grid for the Arctic (left) and Antarctic (right). The white lines
show the simulated nadir ground track for one day of a near-
polar orbit. The inset histogram summarizes the distribution
of sea-ice thickness used in the analysis for both hemispheres.

thermodynamic state, salinity, snow, or ocean properties.

II. DATA AND SIMULATION FRAMEWORK

Monthly ORAS6 fields were remapped to a 12.5 km
EASE2 grid and summarized as winter climatologies [2].
The diagnostic state includes SIC, SIT, sea-ice salinity, snow
thickness, snow temperature, ice bulk temperature, sea surface
temperature (SST), and sea surface salinity (SSS). Fig. 1 shows
the large-scale state used to motivate the polar simulations.

The forward model is written as a concentration-weighted
mixture,

TB = (1→ c)TB,w(f, ω, SST, SSS)+ cTB,i(f, ω, d, Tice, Sice),
(1)

where c is SIC, d is SIT, and Tice and Sice are the bulk
ice temperature and salinity, respectively. The water term is
mainly controlled by SST and SSS and is based on the Klein
and Swift seawater dielectric formulation [4]. Snow thickness
and mean snow temperature are used diagnostically to account
for snow insulation in the sea-ice thermodynamic state. In the
simplified forward model, they are converted into an effec-
tive bulk ice temperature using a one-dimensional conductive
snow–ice column, rather than treating snow as an explicit
microwave-scattering layer. The sea-ice layer is represented
by the bulk Tice and Sice, without resolving vertical gradients,
snow stratigraphy, surface roughness, ridging, or melt features.
The inversion of SIT together with SIC, temperature, salinity,
snow, and ocean state is considered beyond the scope of this
initial sensitivity analysis.

A satellite simulator based on SatKit orbit propagation [9]
resamples the fields to a CryoRad-like swath with a maximum
off-nadir viewing angle of approximately ±8→. The swath sam-
pling is important because it exposes whether the geophysical
regimes that control the signal are actually sampled by the
representative mission geometry. Example nadir tracks for one
day and brightness-temperature scenes for an integration over
five days are shown in Figs. 1 and 2, respectively.

Fig. 2: Simulated CryoRad brightness temperature from
ORAS6 winter climatology at 2.0 GHz (lower row) and 0.4
GHz (upper row) after CryoRad-like swath masking. The maps
illustrate the spectral and sampling differences between the
upper and lower ends of the band.

III. SENSITIVITY METHOD

The geophysical controls on TB are ranked by perturbing
one input at a time around the local climatological state. For
a variable x,

!TB(x) = TB [x+ 0.5εx]→ TB [x→ 0.5εx]. (2)

Here, εx denotes the temporal standard deviation of parameter
x for the selected calendar month at each grid cell. All other
input variables are held fixed while x is perturbed.

The absolute values of !TB are ranked at each grid cell
and frequency. The parameter with the largest absolute value
of !TB is identified as the primary influential parameter, while
the parameter with the second-largest absolute value is iden-
tified as the secondary influential parameter. This procedure
yields spatial maps of the first- and second-order controls on
simulated brightness temperature.

Fig. 3 illustrates why the wideband spectrum is useful:
several variables have distinct frequency dependence across
the CryoRad band, and the relative importance of SIT, SIC, ice
temperature, salinity, SST, and SSS changes rapidly between
0.4 and 2 GHz.

IV. RESULTS

The simulations show a clear spectral dependence. At 0.4
GHz the response to SIT is stronger than at 1.4 GHz, consistent
with the expected increase in penetration depth below 1.4
GHz [1]. This is especially relevant for Antarctic sea ice,
marginal ice zones, and polynyas, where thickness gradients
are large and 1.4 GHz emission can be strongly influenced by
concentration and thermodynamic effects.



Fig. 3: Frequency-dependent sensitivity of brightness temper-
ature TB to geophysical parameters derived from ORAS6
Antarctic April climatology. Sensitivities are expressed as
signed changes !TB for perturbations around the domain-
mean state. Curves show the response to variations in SIC, SIT,
ice salinity Sice, ice temperature Tice, SST, and SSS. Weaker
sensitivities are scaled for visibility (SST, Sice, Tice ↑ 10;
SSS↑ 100; see legend). The shaded band marks the CryoRad
frequency range, and vertical lines mark CIMR channels.

The second frequency shown in the influential-parameter
maps is 1.2 GHz rather than 1.4 GHz because the SST
sensitivity is close to zero there in the domain-mean sensitivity
spectrum. This makes 1.2 GHz a useful diagnostic frequency
for separating ocean-salinity and ocean-temperature effects. In
the maps, the weak SST response is reflected by a change in
the ranking of SST and SSS as the first and second influential
parameters. The comparison with 0.4 GHz therefore highlights
not only the reduction of thickness sensitivity toward 1.4 GHz,
but also the changing balance between ice, snow, and ocean-
state controls.

At higher frequencies within the CryoRad band, the leading
control shifts toward SIC, salinity, temperature, or snow-
related parameters. The parameter-ranking maps in Figs. 4 and
5 show this spatial heterogeneity and illustrate why wideband
observations are needed: a single channel cannot distinguish
whether the measured TB variability is primarily caused by
SIT, SIC, ice thermodynamics, ice salinity, snow insulation,
SST, or SSS.

V. LIMITATIONS AND OUTLOOK

The main limitation in the current analysis is the simpli-
fied mixture operator. The present analysis is designed as a
sensitivity and attribution experiment, not as a full retrieval
study. It identifies which geophysical parameters dominate the
simulated brightness-temperature response at each frequency
and location, but does not address the coupled inversion
problem for SIT, SIC, temperature, salinity, snow, and ocean
state.

More complete simulations of layered snow–sea-ice systems
can be performed with radiative-transfer models such as SMRT
[10]. In parallel to the ORAS6-based sensitivity work pre-
sented here, complementary simulations with SMRT and CICE

Fig. 4: Spatial distribution of the most influential geophysical
parameters controlling microwave brightness temperature TB

over Antarctic sea ice in April, derived from ORAS6 reanalysis
covering 30 years. Results are shown for two representative
frequencies within the CryoRad band: 0.4 GHz (top) and 1.2
GHz (bottom). For each frequency, panels display the primary
(a) and secondary (b) contributors to TB variability, based on
a ±0.5ε perturbation sensitivity analysis.

are being developed to represent layered snow and sea ice,
vertical salinity and temperature gradients, roughness, ridging,
melt features, and sub-footprint heterogeneity more explicitly.
This parallel work will provide a more physically detailed
testbed for future retrieval experiments and for comparing 0.4
GHz, 1.4 GHz, and broadband configurations.

VI. CONCLUSIONS

ORAS6-driven brightness-temperature simulations provide
a practical route for assessing CryoRad sea-ice requirements.
The first diagnostic results support the added value of fre-
quencies below 1.4 GHz for sea-ice thickness sensitivity,
especially in Antarctic regimes where 1.4 GHz observations
can be dominated by concentration or thermodynamic controls.
Broadband observations from 0.4 to 2 GHz are therefore
useful for both increasing sensitivity and separating thickness,
concentration, salinity, snow, and ocean-state effects.
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