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A model assessment of satellite observed trends in polar sea ice extents
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[1] For more than three decades now, satellite passive
microwave observations have been used to monitor polar
sea ice. Here we utilize sea ice extent trends determined
from satellite data for both the Northern and Southern
Hemispheres for the period 1972(73)—2004, and assess and
interpret them using results from simulations by eleven
climate models. In the Northern Hemisphere (NH),
observations show a statistically significant decrease of
sea ice extent and an acceleration of sea ice retreat during
the past three decades. However, from the modeled natural
variability of sea ice extents in control simulations, we
conclude that the acceleration is not statistically significant
and should not be extrapolated into the future. Most of the
models, like the observations, show an absence of a
prominent seasonal cycle in the trend values. Both
observations and model simulations show that climate
variability in sea ice extent in the Southern Hemisphere
(SH) is much larger than in the NH and that the SH
sea ice extent trends are not statistically significant.
Citation: Vinnikov, K. Y., D. J. Cavalieri, and C. L. Parkinson
(2006), A model assessment of satellite observed trends in polar
sea ice extents, Geophys. Res. Lett., 33, L05704, doi:10.1029/
2005GL025282.

1. Introduction

[2] In an earlier attempt to use climate models to assess
and interpret the observed contemporary trend in Northern
Hemisphere (NH) sea ice extents, Vinnikov et al. [1999]
were limited by the brevity of the available satellite record,
less than two decades, and by having simulations from only
two climate models available at that time. Neither of those
models was able to simulate realistically sea ice in the
Southern Hemisphere (SH). Two new factors move us now
to return to a model assessment of the observed climatic
trends. The first factor is that Cavalieri et al. [2003]
extended the Parkinson et al. [1999] records of sea ice
extents back to 1972—1973 and forward to 2002. The
second factor is that 20th century climate changes have
recently been simulated using mostly the same external
forcing by several climate modeling centers around the
world for the Fourth Intergovernmental Panel on Climate
Change (IPCC) Climate Change Assessment. The results of
these simulations are available through the Program for
Climate Model Diagnostics and Intercomparison (PCMDI)
at Lawrence Livermore National Laboratory, USA.
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[3] The time series of satellite observed monthly sea
ice extents for the north and south polar regions
[Cavalieri et al, 2003] used in this analysis has been
updated through 2004. Taking into account the known
physics of microwave radiation, radiometer specifications,
and sea ice retrieval algorithms, we estimate that an
appropriate model correspondence with the observed ice
extents, defined as the integrated area with ice concen-
tration of at least 15%, is the simulated area with ice
thickness greater than 6 cm and ice concentration greater
than or equal to 15%. This criterion has been used for
calculating simulated sea ice extents from climate model
outputs, which include ice thickness and ice concentration
as the two main sea ice outputs. To determine the
simulated NH sea ice extents for 1972-2004 and the
simulated SH sea ice extents for 1973—-2004, for each of
the selected models we used the “20th Century simula-
tion (20C3M)” runl and the first few years of the
“Future climate simulations: scenario SRES A2” runl,
which is a continuation of 20C3M runl. Through 2004,
the SRES A2 scenario does not differ from other forcing
scenarios for future climate simulations. We also used the
multi-centennial ““Pre-Industrial control runs (PICTRL)”
of the same models to assess natural climate variability in
model simulated sea ice extents. The sea ice simulation
data came from the following eleven climate models:
(1) UKMO-HadCM3 [Gordon et al., 2000] and
(2) UKMO-HadGEMI1 [Johns et al., 2005], both from
the United Kingdom Met Office Hadley Centre;
(3) ECHAMS/MPI-OM [Marsland et al., 2003], from
the Max Planck Institute for Meteorology, Hamburg,
Germany; (4) CGCM3.1 (T-47) [Kim et al., 2002], from
the Canadian Centre for Climate Modeling and Analysis;
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Figure 1. Satellite observed annual mean sea ice extents in
the Northern and Southern Hemispheres and polynomial
approximations of climatic trends.
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Table 1. Multi-Year Average (o), Standard Deviation (o), Mean Linear Trend (3), and Acceleration of the Trend (y) in Observed and Model Simulated Time Series of Annual Mean Ice Extents

Estimated for 33—32 Years of Satellite Observation®
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‘o and 0., are standard errors of 3 and +y estimated from the same data; (o), o(g) and oy, are standard deviation of detrended ice extents, trends 3 and accelerations vy, estimated in moving windows (33 and 32 years)

in control model simulations. Standard errors o) and oy, estimated from multi-centennial (N-years long) control simulations, are more accurate and should be used if available. P are occurrences of trends that exceed

observed ones in the same moving windows expressed as a % of all the windows.
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(5) CSIRO-MK3.0 [Gordon et al., 2002], from the
Commonwealth Scientific and Industrial Research
Organization, Australia; (6) MIROC3.2 (medres) [Hasumi
and Emori, 2004], Model for Interdisciplinary Research
on Climate, Japan; (7) BCCR-BCM2.0 [Furevik et al.,
2003], from the Bjerknes Centre for Climate Research,
Norway; (8) GISS-ER [Schmidt et al., 2005], from the
NASA Goddard Institute for Space Studies, USA;
(9) IPSL-CM4 [Marti et al., 2005], from the Institute
Pierre Simon Laplace, France; (10) INM-CM3.0 [Diansky
and Volodin, 2002], from the Institute of Numerical
Mathematics, Russian Academy of Science, Russia;
(11) GFDL-CM2.1 [Griffies et al., 2005], from the
NOAA Geophysical Fluid Dynamics Laboratory, USA.
C. L. Parkinson et al. (Evaluation of the simulation of
annual cycle of Arctic and Antarctic sea ice coverages by
eleven major global climate models, submitted to Journal
of Geophysical Research, 2006), using the same satellite
observed data for 1979-2004 have shown that the
majority of these models realistically simulate at least
key aspects of the seasonal cycle and geographical
patterns of sea ice in both hemispheres.

2. Trends in Observed and Model Simulated
Sea Ice Extents

[4] Satellite observed annual mean sea ice extents in the
Northern and Southern Hemispheres are shown in Figure 1.
Cavalieri et al. [1997] reported hemispheric asymmetry in
global sea ice changes during 1978—1996 including
opposing trend lines. With the extended record, the two
hemispheres continue to behave differently, but it is no
longer the case that the sign of the trend in the two cases
differs. Sea ice in the NH continues, with the extended
record, to have a negative trend, with a mean rate of —0.32 -
10°km?/10 Jo and there is an acceleration, of approximately
—0.16 - 10° km?/(10yr) in the rate of ice retreat. Sea ice in
the SH no longer has a positive trend, once the data from the
early and mid-1970s are included. The best approximation
for the SH required a 3rd degree polynomial, and even then
the coefticients are not statistically significant. A linear least
squares fit line for the SH ice for 19732004 has a negative
sign as in NH but it is much smaller in magnitude and is not
statistically significant. The multi-year averages, standard
deviations, trends and standard errors of trends in the
observed data and in model simulated results are given in
Table 1 and will be discussed in the next section.

[s] The seasonal cycles of linear trends by month for
33 years of satellite microwave observations, 1972—-2004,
in the NH (thick lines) and for 32 years, 1973—-2004, in the
SH (thin lines) are shown in Figure 2. Vertical bars display
standard errors of the trend estimates. The observed sea ice
extents do not differ noticeably compared to earlier
published estimates for a shorter period [Cavalieri et al.,
2003]. The corresponding seasonal cycles of trends in the
model simulated sea ice extents for the same time intervals
are also shown in Figure 2.

3. Model Assessment of Observed Trends

[6] The statistical approach used here to assess and
interpret climatic trends observed at a limited time interval
using long climate model control simulations have
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