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Surface Emissivity of Arctic Sea Ice
at AMSU Window Frequencies

Nizy Mathew, Georg Heygster, Member, IEEE, Christian Melsheimer, and Lars Kaleschke

Abstract—A method to retrieve the surface emissivity of sea
ice at the window channels of the Advanced Microwave Sounding
Unit (AMSU) radiometers in the polar region is presented. The in-
struments are on the new-generation satellites of the U.S. National
Oceanic and Atmospheric Administration (NOAA-15, NOAA-16,
and NOAA-17). The method assumes hypothetical surfaces with
emissivities zero and one and simulates brightness temperatures
at the top of the atmosphere using profiles of atmospheric parame-
ters, e.g., from the European Centre for Medium-Range Weather
Forecasts (ECMWF) model runs, as input for a radiative transfer
model. The retrieval of surface emissivity is done by combining
simulated brightness temperatures with the satellite-measured
brightness temperature. The AMSU window channels differ in
surface penetration depths and, thus, in the surface microphysical
parameters that they depend on. Lowest layer air temperatures
from ECMWF are used to infer temperatures of emitting layers at
different frequencies of sea ice. A complete yearly cycle of monthly
average emissivities in two selected regions (first- and multiyear
ice) is giving insight into the variation of emissivities in various
development stages of sea ice.

Index Terms—Emissivity, principal emitting-layer temperature.

I. INTRODUCTION

IN POLAR regions, only sparse information of atmospheric
parameters is available. In order to retrieve atmospheric pa-

rameters such as temperature, water vapor, or cloud liquid water
in these regions, which are necessary to improve numerical
weather prediction and climate models, a reliable estimate of
the emissivity of sea ice, snow, land ice, and open water is re-
quired [1]–[3]. So far, the assimilation of Advanced Microwave
Sounding Unit (AMSU) observations has been preferentially
developed for channels that are not sensitive to the surface.
The difficulty to face when assimilating surface channels is
that it requires both accurate surface temperature and emis-
sivity descriptions [4]. Here, in order to determine the surface
emissivity of sea ice, we use observations of the microwave
instrument AMSU on the polar-orbiting satellites of the U.S.
National Oceanic and Atmospheric Administration (NOAA-15,
NOAA-16, and NOAA-17) because they were found efficient

Manuscript received January 18, 2007; revised August 30, 2007. This work
was supported in part by the German Research Foundation (DFG) under Grant
He1746/9-1, 2, 3 and in part by the EU Integrated Project 018509 Developing
Arctic Modeling and Observing Capabilities for Long-term Environmental
Studies (DAMOCLES).

N. Mathew, G. Heygster, and C. Melsheimer are with the Institute of En-
vironmental Physics, University of Bremen, 28334 Bremen, Germany (e-mail:
mathew@iup.physik.uni-bremen.de).

L. Kaleschke is with the Institute of Oceanography, University of Hamburg,
20146 Hamburg, Germany.

Digital Object Identifier 10.1109/TGRS.2008.916630

in atmospheric and surface parameter studies in low and mid-
latitudes [5]–[8]. The passive microwave radiometer AMSU
on the new generation NOAA polar-orbiting satellite consists
of two modules, namely, “A” and “B.” The AMSU-A has
15 channels in the frequency range 23–89 GHz, with window
channels at 23.8, 31.4, 50.3, and 89 GHz and 11 temperature
sounding channels between 50 and 60 GHz. The AMSU-B has
five channels in the frequency range 89–183 GHz.

In contrast to sea ice, ocean surface is radiatively cool, and
ocean emissivity models have been developed [9], [10] and
are satisfactory for the use in atmospheric applications. For
sea ice, such models have also been developed, but they are
far from the state of maturity required for operational appli-
cation [11]–[14]. Therefore, here, we determine its emissivity
empirically.

Various efforts have been made to retrieve the surface
emissivity of land from satellite observations in the microwave
frequencies. Land surface emissivities are calculated by using
AMSU observations and are used effectively for temperature
and humidity retrieval [8], [15]. Quantitative knowledge of the
spatial and temporal variabilities of surface emissivity for all
the window channels and for all the scan angles is essential for
the retrieval of atmospheric parameters over polar regions with
improved accuracy in the lower troposphere from spaceborne
microwave observations [2], [16]. A global-scale investigation
of sea ice emissivities in the microwave frequency region was
done in [17] using both infrared and microwave measurements
at Scanning Multichannel Microwave Radiometer (SMMR)
frequencies. However, they are different from the AMSU
observing frequencies. Temporal variation of first-year ice
(FYI) and multiyear ice (MYI) emissivities from ground
measurements limited in space and time is reported by Grenfell
and Lohanick [18], [19]. Moreover, emissivities of different ice
types and snow are calculated from airborne measurements.
Hollinger et al. [20] determined emissivities at a frequency
range of 19–140 GHz for different Arctic ice types during
the freeze-up period in October. Hewison and English [21]
retrieved the surface emissivity in the frequency range of
24–157 GHz over the Baltic sea ice and snow sites on land.
Haggerty and Curry [22] retrieved the emissivity of sea ice at
37, 89, 150, and 220 GHz near the Surface Heat Budget of the
Arctic Ocean (SHEBA) ice camp.

Determination of emissivity requires the knowledge of snow
depth and the temperature of the emitting layer. Dry snow
is nearly transparent to low microwave frequencies. However,
scattering inside wet snow and radiation of frequency above
35 GHz even inside dry snow are considerable [23]. The
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penetration depth of microwave varies between millimeters
and decimeters depending on the frequency and microphysical
structure of the sea ice. In most of the previously cited studies
on sea ice emissivity, the temperature of the emitting layer has
been assumed to be equal to the infrared measured surface
temperature. This is a potential source of error because of
the temperature gradient in the sea ice. Here, an empirical
method to correct for the temperature difference between the
surface and the emitting layer is used. The method accounts
for the variation of the penetration depth with frequency, air
temperature, and sea ice temperature.

In this paper, a method to retrieve the emissivity is applied
over two selected regions in the Arctic: one covered by FYI
and the other covered by MYI. In order to retrieve the sur-
face emissivities, simulated brightness temperatures based on
atmospheric model profiles of temperature and humidity from
the European Centre for Medium-Range Weather Forecasts
(ECMWF) and brightness temperatures from corresponding
satellite overpassess are used. Corrections are made to the low-
est level air temperature in order to get the principal emitting-
layer temperatures.

The data acquisition is described in Section II. The retrieval
method is briefly explained in Section III. The results are shown
in Section IV, and a short conclusion is presented in Section V.

II. DATA

The passive microwave radiometer AMSU on the new gen-
eration NOAA polar-orbiting satellites consists of two mod-
ules, namely, “A” and “B.” The AMSU-A has 15 channels
in the frequency range 23–89 GHz, with atmospheric window
channels at 23.8, 31.4, 50.3, and 89 GHz and 11 temperature
sounding channels between 50 and 60 GHz. AMSU-A has
an instantaneous field of view (IFOV) of 3.3◦ at half power
points, which provides a spatial resolution of 48 km at nadir.
There are 30 measurements on each scan line. The AMSU-B
has five channels in the frequency range 89–183 GHz with 90
measurements on each scan line. The IFOV of AMSU-B is 1.1◦

[24], and the spatial resolution at nadir is about 16 km. Channels
at 89 and 150 GHz are window channels. The observation scan
angles of the instruments vary from −48◦ to +48◦; thereby,
local zenith angles vary in the range of ±57◦. The retrieval
of surface emissivity is most accurate for atmospheric window
channels since these measurements are least affected by the at-
mospheric absorption and emission. The satellite has an orbital
inclination of 98◦, and the swath width is around 2068 km,
with a global coverage less than five days. This results in the
coverage of high latitudes only with the right-hand high scan
angle portions of the swath. Moreover, the window channels
show asymmetric radiance along each scan line [6].

Atmospheric profiles of temperature and humidity, which are
needed for radiative transfer simulations, are taken from the
ECMWF data in a 1.5◦ grid having 60 vertical levels. The
profiles are available globally every 6 h [25]. Measurements
of temperature profiles of snow and ice obtained during the
measurement program to study the SHEBA in 1998 and 1999
[26] are used to estimate the temperatures of the emitting layer
from the lowest level air temperatures.

III. METHOD

A. Determination of Emissivity

The total brightness temperature (Tb(ν, θ)) measured by the
satellite can be written as

Tb(ν, θ)=Tu(ν, θ)+ε(ν, θ)Tse
−τ sec θ

+ (1−ε(ν, θ)) Td(ν, θ)e−τ sec θ (1)

where Tu(ν, θ) is the up-welling radiation from the atmosphere,
Ts is the physical temperature of the surface, ε is the emissivity
of the surface, Td(ν, θ) is the down-welling radiation, τ is
the total atmospheric opacity, and ν and θ are the observing
frequency and incidence angle, respectively. Equation (1) can
be solved for the emissivity

ε(ν, θ) =
Tb(ν, θ) − Tu(ν, θ) − Td(ν, θ)e−τ sec θ

Tse−τ sec θ − Td(ν, θ)e−τ sec θ
. (2)

By simulating Tb(ν, θ) for ε = 0 and ε = 1, (1) becomes

Tb(ε = 0) =Tu(ν, θ) + Td(ν, θ)e−τ sec θ (3)

Tb(ε = 1) =Tu(ν, θ) + Tse
−τ sec θ. (4)

Substituting (3) and (4) to (2), we obtain [27]

ε(ν, θ) =
Tb(ν, θ) − Tb(ε = 0)

Tb(ε = 1) − Tb(ε = 0)
(5)

Tb(ε = 0) is the simulated brightness temperature with ε = 0,
and Tb(ε=1) is the simulated brightness temperature with ε=1
for a given ν and θ. The quantities Tb(ε = 0) and Tb(ε = 1) are
determined from known atmospheric profiles.

In order to simulate Tb(ε = 0) and Tb(ε = 1) in (5), the
radiative transfer model MicroWave radiative transfer MODel
(MWMOD) [11], [12] is used. MWMOD is designed to com-
pute brightness temperatures between 1 and 300 GHz, assum-
ing a scatter-free atmosphere and a specular reflecting surface.
The inputs to MWMOD are vertical profiles of temperature,
pressure, and humidity. Due to the scarcity of in situ mea-
surements of atmospheric parameters such as temperature or
humidity data in the selected study region, data from the
ECMWF model runs are used. MWMOD simulations have
been compared with other models and observations, and the
error has been estimated to be less 2 K. ECMWF profiles
over sea ice are compared with in situ measurements, and
good agreement is found [28]. Emissivities shown in this paper
are calculated from the brightness temperatures measured by
AMSU on NOAA-15 and collocated to the ECMWF data using
a space window of ±100 km and a time window of ±3 h.

B. Surface Temperature

Equation (4) contains the physical temperature of the emit-
ting layer (Ts). The radiation at microwave frequencies em-
anates from a layer of finite depth depending on the frequency.
Haggerty and Curry [22] determined the typical values for
the penetration depths for different frequencies by calculating
the dielectric loss factor ε′′ following the parameterizations
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TABLE I
PENETRATION DEPTHS IN CENTIMETERS FOR DIFFERENT SURFACE

TYPES AT −10 ◦C INTERPOLATED FROM [22]

Fig. 1. Examples of temperature profiles of snow and ice and penetration
depths assumed for different frequencies for (left) the FYI and (right) the MYI.

for various types of materials given by Ulaby et al. [29]. The
penetration depth (δ) at a given wavelength (λ) is calculated
based on

δ =
λ

4πε′′
. (6)

Table I shows the penetration depths of different surface types
at AMSU window frequencies interpolated/extrapolated from
[22]. Emission of radiation can occur from above and below
the assumed penetration depth. Therefore, in order to retrieve
effective emissivity, effective temperature of the emission layer
is needed. Here, the temperature at the penetration depth is
assumed as the representative temperature of the emitting layer.

Except for some summer months, the snow surface temper-
ature is considerably lower than the ice temperature, which
in turn is lower than the temperature of water underneath
the ice (−1.8 ◦C). Since the microwave radiation sensed by
the satellite comes from different layers depending on the
frequency, knowledge of the snow–ice temperature profile is
necessary to predict the apparent surface temperature (principal
emitting-layer temperature) for each frequency [17]. A year-
round observation of temperature profiles from SHEBA at two
spots [an FYI site (“Baltimore”) and an MYI site (“Quebec2”)]
is used to establish a relation between the lowest level air tem-
perature (snow surface temperature) and the different emitting-
layer temperatures. Sample profiles of snow and FYI and of
snow and MYI can be seen in Fig. 1. In total, 7252 temperature
profiles from “Baltimore” and 7724 from “Quebec2” have been
used in the subsequently described procedure.

SHEBA data sets for different months of comparable snow
depth and having similar temperature profile inside snow and
ice are grouped together. In the case of low frequencies (23.8,

Fig. 2. Correlation between the emitting-layer temperature and the air tem-
perature for the months of DJFM for FYI. Error in the bottom right panel is the
rms deviation of the points from the fit.

31.4, and 50.3 GHz), the snow cover is less than the penetration
depth assumed inside snow, then the penetration depth inside
ice is considered, and snow is assumed to be transparent at these
frequencies. However, for higher frequencies, the snow cover
is larger than the penetration depth assumed inside snow, and
then, the penetration depth inside snow is considered. During
the summer months, the FYI melts, and the MYI does not
show temperature gradient inside snow and ice. In that case,
the lowest air temperature without correction is assumed as
the temperature of “emitting layer.” Variation in snow depth,
snow wetness, and grain size can cause variation of emissivity,
particularly at high frequencies.

A set of coefficients a and b is derived by linearly relating
the lowest level air temperature (Tair) and the emitting-layer
temperature (Temitting)

Temitting = aTair + b. (7)

The regression is applied to the lowest level air temperatures
from the ECMWF for the calculation of surface emissivities
with the assumption that the principal contribution to the radi-
ation measured by the satellite instrument is from the indicated
penetration depth (principal emitting layer) and that the statis-
tics of thickness and air temperature of the FYI and the MYI are
the same at test retrieval sites and at SHEBA measurement sites.
As an example, Fig. 2 shows the scatter plots of emitting-layer
temperatures plotted against the lowest level air temperatures
for the winter months of December, January, February, and
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Fig. 3. All 2904 ice profiles used to derive the correlation between the
emitting-layer temperature and the air temperature for the months of DJFM.
Snow–ice interface at depth of zero.

TABLE II
(a) SLOPE AND (b) Y -INTERCEPT USED TO REGRESS THE

EMITTING-LAYER TEMPERATURE OF FYI FROM THE LOWEST LEVEL AIR

TEMPERATURE. DJFM REPRESENTS THE MONTHS DECEMBER TO MARCH,
AND AMASON REPRESENTS THE MONTHS APRIL, MAY, AUGUST,

SEPTEMBER, OCTOBER, AND NOVEMBER

March (DJFM), and Fig. 3 shows all the 2904 profiles in those
months used in the scatter plots. Table II shows the regression
coefficients derived to determine the emitting-layer temperature
from the air temperature and the root-mean-square (rms) devia-
tion from the regression line (rms error) over the FYI regions for
the months of DJFM and for April, May, August, September,
October, and November (AMASON). For the months of June
and July, the lowest level air temperature is assumed as the
surface temperature. Accordingly, Table III gives the regression
coefficients and the rms error for MYI (with the difference that
here, the lowest level air temperature is assumed equal to the
surface temperature in August as well). These rms errors in the
emitting layer are caused by the variation in ice thickness and
by the variation of air temperature. For example, ice thickness
varies from 130 to 70 cm, and air temperature varies from
−10 ◦C to −40 ◦C for the months of DJFM (from Fig. 3). These
values are typical for the Arctic FYI and MYI, respectively, and

TABLE III
(a) SLOPE AND (b) Y -INTERCEPT USED TO REGRESS THE

EMITTING-LAYER TEMPERATURE OF MYI FROM THE LOWEST LEVEL AIR

TEMPERATURE. DJFM REPRESENTS THE MONTHS DECEMBER TO MARCH,
AND AMSON REPRESENTS THE MONTHS APRIL, MAY, SEPTEMBER,

OCTOBER, AND NOVEMBER

therefore, they may be transferred to the retrieval used in the
next section.

IV. RESULTS

A. Zenith-Angle Variation of Surface Emissivity

The AMSU instruments measure in a mixed linear polar-
ization mode. If θs is the scan angle between the observation
direction and the nadir on the satellite and θ is the local zenith
angle on Earth, then the surface emissivity ε for AMSU window
channels can be written as

ε(θ) = εv(θ) cos2(θs) + εh(θ) sin2(θs) (8)

where εv and εh are the vertically and horizontally polarized
surface emissivities, respectively [6], [30]. θs can be written in
terms of θ as

θs = arcsin
(

R

R + H
sin(θ)

)
(9)

where R is the radius of the Earth, and H is the height of
the satellite. Since, in general (for plain Fresnel emissivities),
εv increases with incidence angles while εh decreases, this
compensates the decrease of cosine square and the increase of
sine square for low incidence angles. However, at high inci-
dence angles, i.e., near the borders of a swath, the horizontally
polarized part of emissivity dominates because of the sine
square and causes much variation that is usually a decrease.

The angular variation of the surface emissivity is shown for
two test regions in the Arctic. A small region selected in the
Kara Sea (76.5◦ N–78◦ N and 77◦ E–79◦ N) is usually covered
with FYI (area “FYI”) during the Arctic winter months. The
other region of interest is a small region north of Greenland
(84◦ N–85.5◦ N and 31.5◦ W–36◦ W) which is covered with
MYI (area “MYI”). Figs. 4 and 5 show the angular variation of
the averaged emissivity of different months in 2005 for the area
“FYI” and the area “MYI,” respectively. Different lines repre-
sent different window frequencies of AMSU. In the Kara sea re-
gion, from July to October, there was no ice, and the emissivity
of those months is not plotted. For all frequencies and months,
the emissivity variation with local zenith angle is negligible
until 45◦, and the emissivity decreases at high angles, as ex-
pected from the previous discussion.
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Fig. 4. Angular variation of monthly averages of the FYI emissivities for dif-
ferent months of 2005. (Top left) January (200501). (Bottom right) December
(200512); July to October excluded (no ice). The emissivities at 89-GHz
channels of AMSU-A and AMSU-B are represented by 89 GHz and 89(b) GHz,
respectively.

The sensitivity to atmospheric parameters increases with
frequency, with the highest sensitivity at 150 GHz and so does
the observed variability because of the inevitable errors in the
model. The variability (standard deviation) of emissivity during
the whole month is indicated by error bars. During the summer
months, when the surface of the MYI melts, the variability
is higher as well (see months of June, July, and August in
Fig. 5). Changes in sea ice concentration (IC), snow depth,
snow wetness, and snow grain size are also contributing to the
emissivity variability.

B. Seasonal Variation

The seasonal variation of the surface emissivity is studied in
the two selected regions in the Arctic. Fig. 6 shows the seasonal
variation of emissivity for all AMSU window channels in the
area “FYI” for a local zenith angle of 1.9◦. As found in the
previous section, it is representative for the incidence angles
up to 45◦. Different solid lines represent different frequencies.
The dashed line represents the IC of the region calculated from
Special Sensor Microwave Imager data using the ARTIST Sea
Ice algorithm [31]. It varies between 0.9 and 0.96 between

Fig. 5. Angular variation of monthly averages of the MYI emissivities for dif-
ferent months of 2005. (Top left) January (200501). (Bottom right) December
(200512). The emissivities at 89-GHz channels of AMSU-A and AMSU-B are
represented by 89 GHz and 89(b) GHz, respectively.

November and May, and it drops near zero between July and
October. The dash-dotted line represents the average lowest
level air temperature from the ECMWF. They vary between
−12 ◦C and −20 ◦C from November to April and are near
the melting point from June to September. Overall, the emis-
sivities decrease slightly from November to May. From June
to August, there is a transition to the emissivities of open
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Fig. 6. Seasonal variation of emissivity at 1.9◦ incidence angle for the
year 2005 in the Kara Sea region seasonally covered by FYI. Dashed line
represents the IC, and dashed-dotted line represents the average lowest layer
air temperature (ST). The emissivities at 89-GHz channels of AMSU-A and
AMSU-B are represented by 89 GHz and 89(b) GHz, respectively. Months 0
and 12 are the same.

Fig. 7. Seasonal variation of emissivity at 20◦ incidence angle in the region
in the north of Greenland covered by MYI. Dashed line represents the IC, and
dashed-dotted line represents the average lowest layer air temperature. The
emissivities at 89-GHz channels of AMSU-A and AMSU-B are represented
by 89 GHz and 89(b) GHz, respectively. Months 0 and 12 are the same.

water. As the frequency increases, the drop of emissivity during
the melting phase becomes smaller, and at 150 GHz, it’s no
longer observed. Similar results were observed by Selbach et al.
[32] at 157 GHz. All the geophysical emissivities observed at
89-GHz channels of both the instruments AMSU-A and
AMSU-B should be identical. However, the values for
AMSU-B are slightly lower. The difference can be traced back
to brightness temperatures. A possible reason is inadequacy in
the correction of radio-frequency interference of AMSU-B [5].

Fig. 7 shows the seasonal variation of emissivity for all
AMSU window channels in the area “MYI” for a local zenith
angle of 20◦. This incidence angle, instead of 1.9◦ as in the
case of area “FYI,” had to be chosen because the high latitudes
of the area “MYI” are not covered by the central part of the
swath but only by the outer parts. However, the change in
emissivity with incidence angles below 45◦ is smaller than the
variability within one month (Fig. 5). Again, the dashed line
in Fig. 7 represents the IC of the region, and the dash-dotted
line represents the average lowest level air temperature from
the ECMWF. During the freezing season, the emissivities vary

between 0.75 (150 GHz) and 0.85 (23 GHz). During the sum-
mer months, the multiyear emissivity goes up to values around
0.9 for all frequencies, peaking in June and then decreasing to
about mean winter value as Comiso [17] has observed for the
SMMR frequencies (6.6–37 GHz).

C. Frequency Variation

Fig. 8 shows the frequency variation of emissivities for
both areas “FYI” and “MYI” at a local zenith angle of 20◦.
The solid lines represent the variation of emissivities for the
area “FYI,” and the dotted lines represent the same for the
area “MYI.” During the months of November and December,
the emissivity of the area “FYI” is high (> 0.86) and nearly
constant with a slight decrease toward higher frequencies. The
decrease becomes more prominent from January to April when
the snow cover increases gradually. When the sea ice is covered
with snow, high frequencies (89 and 150 GHz) see only snow
and not sea ice, and the volume scattering (which reduces
emissivity) in snow is strong [33]. In June, the emissivity is that
of a mixture of open water and sea ice. From July to October,
the ice melts, and the frequency dependence of open-water
emissivity is observed. Emissivities of open water modeled at
a temperature of 0 ◦C and salinity of 33◦/◦◦, assuming specular
reflection [34], are plotted for the months of July, August, and
September (dash-dotted lines in Fig. 8). The MYI emissivities
are nearly constant around 0.8 during the winter months of
November to May with slightly higher values at the lowest
frequency 23.8 GHz. In June, those at 23.8, 31.4, and 50.3 GHz
increase to about 0.9, and in July, the emissivities at 89 and
150 GHz do the same. From July to October, the frequency
dependence returns continuously to the winter characteristics.

Fig. 9 compares the emissivities retrieved for the month of
November with those from the literature [35]. The emissivities
of FYI and dry MYI at 21, 37, and 90 GHz at the zenith
angle of 50◦ given for vertical and horizontal polarizations are
combined by (8) to get AMSU-like mixed polarization and are
then compared with the retrieved emissivities at similar zenith
angle (scan position 28, i.e., θ = 48.7 ◦). For FYI, the retrievals
match well with the literature values. For MYI, even though the
frequency variation of both the emissivities is slightly different,
the retrieved and literature values are well within their mutual
standard deviations. More surface-based measurements of long-
term evolution of FYI and MYI over the complete yearly
cycle are required for the validation of the satellite-retrieved
emissivities at different frequencies and seasons.

V. CONCLUSION

The emissivities of two test regions, i.e., one covered with
FYI in winter months and the other covered with MYI, are cal-
culated at the window channels of passive microwave sounder
AMSU. The lowest level air temperatures are corrected to
emitting-layer temperatures of different frequencies by analyz-
ing the SHEBA data at the FYI and the MYI sites. Angular
and frequency dependence of the emissivity of different polar
surface types is studied. The local zenith-angle variation of
AMSU emissivities up to 45◦ corresponding to scan positions
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Fig. 8. Frequency variations of two test regions in the Kara Sea and in the
north of Greenland from January 2005 (top left: 200501) to December 2005
(bottom right: 200512).

4–27 for AMSU-A and 10–81 for AMSU-B is negligible,
and for higher incidence angles, the emissivity decreases. As
the frequency increases, the emissivity decreases for sea ice.

Fig. 9. Emissivity comparison with literature value [35]. Solid lines represent
retrieved emissivities, and dashed lines represent those from the literature.

For young ice, the variation of emissivity with frequency is
smaller. The monthly variations of emissivities for different
frequencies are derived for the specific regions for the whole
year of 2005. The ICs of the region are also noticed. During the
summer months, FYI melts and emissivities drop to open-water
emissivities, whereas for MYI, a slight increase in emissivity
is observed. The frequency dependence of emissivity varies for
different months particularly at high frequencies due to the vari-
ation of snow cover. The MYI emissivities at 89 and 150 GHz
show larger variation (maximum up to 40%) during the summer
months of June, July, August, and September.

From the emissivity results, we can conclude that both the
FYI and MYI emissivities at frequencies up to 50 GHz show
the least variability for the winter months of November to April.
In order to retrieve atmospheric temperature profiles, both
accurate surface temperature and emissivity are needed [36].

An existing optimal estimation temperature-retrieval algo-
rithm [3] has been modified to improve the atmospheric tem-
perature retrieval over the Arctic sea ice using the retrieved
emissivity information [37]. The modifications of the algo-
rithm consist of using the retrieved emissivities as a priori
information, deriving the emitting-layer temperatures from the
lowest level air temperatures of a priori temperature profiles
and including explicitly the surface brightness temperature into
the retrieval. The retrieved temperature profiles for the month
of March 2003 show a considerable improvement of 4 K below
300 hPa.

While similar improvements can be expected for the months
of November to January and April, the presence of different
surface types within one sensor footprint during the months
of May to October, i.e., during the melting and early freezing
periods, will require more detailed work.
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