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Deriving long-term time series of sea ice cover from 
satellite passive-microwave multisensor data sets 
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Abstract 
 
We have generated consistent sea ice extent and area data records spanning 18.2 years 
from passive-microwave radiances obtained with the Nimbus 7 scanning multichannel 
microwave radiometer and with the Defense Meteorological Satellite Program F8, F11, 
and F13 special sensor microwave/imagers. The goal in the creation of these data was to 
produce a long-term, consistent set of sea ice extents and areas that provides the means 
for reliably determining sea ice variability over the 18.2-year period and also serves as a 
baseline for future measurements. We describe the method used to match the sea ice 
extents and areas from these four multichannel sensors and summarize the problems 
encountered when working with radiances from sensors having different frequencies, 
different footprint sizes, different visit times, and different calibrations. A major obstacle 
to adjusting for these differences is the lack of a complete year of overlapping data from 
sequential sensors. Nonetheless, our procedure reduced ice extent differences during 
periods of sensor overlap to less than 0.05% and ice area differences to 0.6% or less. 



and area, as was done with the F8 SSMI values. A further
adjustment to the Antarctic 37V ice type B (see Gloersen et al.
[1992] for definition of ice types) F11 tie point was also made
to reduce the ice area difference. The tie points, the amount of
tuning, the ice extent, and area percent differences are all
given in Table 3. In this case the amount of tuning needed to
reduce the ice extent and area differences between the F8
and F11 values is well within one standard error of estimate
(Table 2).

3.5.3. F11/F13 SSMI overlap. The 5-month period of
overlap for F11 and F13 is much better suited for intersensor
corrections than the shorter periods of Nimbus 7 and F8 SSMI
overlap and of F8 and F11 SSMI overlap. The linear regression
equations obtained from the overlapping data sets and their
standard errors of estimates for corresponding channels are
given in Table 2. No tuning was needed for the F13 SSMI
Arctic open water tie points and only slight tuning was re-
quired for the Antarctic 19H open water tie point to reduce
differences in ice extent and area. The tie points, the amount
of tuning, the ice extent, and area percent differences are all
given in Table 3. Presumably, the reason the F13 tie points
required so little tuning is that the F11 and F13 sensors differ
in ascending node crossing times by less than 45 min (Table 1).

3.5.4. Results of the correction procedures. The differ-
ences in Arctic ice extents for each pair of sensors during their
overlap periods at various steps in the data processing are
shown in Figure 4. The first row of plots (Figures 4a–4c)
illustrates not only the mismatch in Arctic ice extents, but also
the effect of missing SSMI data resulting in sharp drops in ice
extent values. The second row (Figures 4d–4f) shows the better
agreement after filling data gaps and correcting for land-to-
ocean spillover and residual weather effects, and the third row
(Figures 4g–4i) shows the results after the algorithm tie point
corrections were made. While the initial change in algorithm
tie points based on the linear regression relationships dis-
cussed in the previous section reduced the differences, the
additional minor adjustments to the open water tie points were
needed for both the Arctic and Antarctic to reduce the ice
extent and area differences to well below 1% (Table 3). The
fact that the matching of ice extents and areas was done on a
hemispheric basis means that regional differences may be
larger [Stroeve et al., 1998]. Examination of Table 3 shows that
we obtained better agreement for the ice extent than for the ice
area. Also, the differences in ice areas are smaller (better
agreement) in general for the winter hemisphere than for the
summer hemisphere, and the best agreement is for the F11/
F13 pair of SSMI sensors, where the difference in observations
times is the smallest. These results are consistent with the fact
that diurnal variations in ice concentration (and thus ice area)
are larger in summer.

In previous studies, different approaches were used to com-
bine the SMMR and SSMI data sets. Maslanik et al. [1996]
used an expanded land mask to reduce the difference between
SMMR and SSMI ice extents during the overlap period. The
SMMR Arctic ice extent in July exceeded the SSMI ice extent
by 0.1%, whereas in August the SSMI extent exceeded that of
SMMR by 0.3%. In the work by Bjørgo et al. [1997], a correc-
tion for SMMR 2 SSMI differences was mentioned, but none
for SSMI F8 2 F11 differences. Bjørgo et al. adjusted the
SMMR and SSMI radiances and then adjusted the ice concen-
tration algorithm. Our matching of algorithm coefficients is
somewhat comparable to their procedure, but then we addi-
tionally match ice extents and areas during the overlap periods.

4. Sea Ice Extent and Area Uncertainties
The calculation of Arctic and Antarctic sea ice concentra-

tions needed to compute sea ice extents and sea ice areas
utilizes methods used previously for the SMMR [Gloersen et
al., 1992] and SSMI [Cavalieri et al., 1991] data sets. The de-
termination of unbiased long-term trends in a time series of
sea ice extent and area depends on the relative accuracy of
these parameters throughout the time series and not on their
absolute accuracy. Of concern here are sensor drift, errors in
matching the different data segments making up the time se-
ries, and trends in atmospheric microwave emission. These are
all potential sources of error in the determination of trends in
the sea ice cover.

For the purpose of examining both sensor drift and potential
trends in atmospheric emission over the entire 18.2-year data
record, we developed times series of brightness temperatures
as well as polarizations (PRs) and spectral gradient ratios
(GRs), the two independent variables used in the sea ice con-
centration algorithm, for ocean areas from 508 latitude (both
north and south) to the ice edge for each sensor, following a
procedure used previously with the SMMR data [Gloersen et
al., 1992]. After the removal of the first and second harmonics
of the annual cycle in each of the time series, a linear least
squares regression was applied to each of the residual time
series, and the change in brightness temperature and in PR
and GR were calculated for each sensor. Analyses of these
results do not reveal any pattern that would suggest an overall
trend either in atmospheric emission or in sensor drift.

The 5-month overlap of the F11 and F13 SSMIs allows the
determination of an upper limit of the ice extent and area
errors for both the Arctic and Antarctic by calculating the
standard deviations of their ice extent and area differences
during that time. The estimates are all about 0.3% of the
annual mean value and are much less than the estimated long-
term trends [Cavalieri et al., 1997a]. It is noteworthy that while
the equatorial crossing times of the two spacecraft differ by
only 45 min, this estimate may include real fluctuations of the
ice covers.

5. Summary
We have described the generation of a seamless time series

of sea ice extents and areas spanning 18.2 years based on
passive-microwave radiance data obtained from sensors on
four satellites. The overall approach taken in the generation of
this data set was one of matching geophysical parameters (ice
extent and area) by adjusting algorithm tie points rather than
changing the input radiances. From analyses of satellite micro-
wave observations, Zabel and Jezek [1994] also argued for the
calibration and construction of long-term time series at the
geophysical product level rather than at the level of measured
radiances. While the periods of sensor overlap, which ranged
from 2 weeks to 5 months, were less than the desired length of
at least 1 year, they served nonetheless to allow the creation of
an overall time series with greatly reduced offset errors be-
tween the segments from different instruments. Sea ice extent
differences were reduced to less than 0.05% and ice area dif-
ferences to 0.6% or less during the overlap periods.

In the future it is strongly recommended that periods of
overlap of at least 1 year in duration be planned when sched-
uling follow-on launches of operational satellites in order to
permit improved intersensor calibrations.
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