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INTRODUCTION EBM STABILITY ANALYSIS THE 2007 MINIMUM - ICE GROWTH RATE
S MM Gl e S e R R Rl bl ) A stability analysis, using a linear dependency of the albedo on the Recent simulations have shown that thin ice grows faster than thicker
Systems. The recent massive d_ecrease of the AfeeeRlnmErEEe e temperature (a = a, - BT) and current climate parameters, gives the ice. Looking at the ice growth over a one year period, the simulation
extent in 2007 poses the question, of whether this Is an indicator of following criterion for stability: oredicts that the growth of

a "tipping point". Tipping points are understood as critical melting

. . . . first-year Ice has
points, beyond which the sea ice cannot recover. If this were to - . .
happen, it would cause severe impacts on the arctic and global p=0.0154K SRR i 828
ecosystems, as well as on sea-ice and ocean dynamics. The ice- compared to the growth of the —
albedo feedback is thought to be the main factor causing this The current estimate § = 0.009 K-t shows that the present climate is pre-e_><|st|ng Ice which %
possible instability. An energy balance model (EBM) is used to study stable. This is possible due to the neutralizing influence of stabilizing M oughout  the g
the effects of this feedback mechanism. Further analysis is carried feedbacks (infrared cooling feedback in this model). However in a S Th? dn‘f_erence Sk
out to explain the observation of the 2007 minimum. warming climate, these factors could become less effective which A les~snRQINITaue- 1o
may lead to instability. Although the present climate does not indicate the fac_:t that pre-existing ice
the existence of a tipping point, a minimum of the Arctic summer sea nas higher Ry S e - Mo 100 1ee
ice extent was observed in 2007. The following sections aim at _ -rlm-cr)]te aﬁg\(/)vvi\;\glnﬁgﬁteesxctr?:ng;(ei Dat: i
ICE-ALBEDO EFFECT e Rl &t the ice-atmosphere F9re 3 ceines otiisyca e ) an e
RS0, EEOTdEr 1o produce Tate than hicker joe. (ree); tHetiico
The albedo is the fraction of the Melting of ice ' Y o~ more ice. This faster growth throughout the summer.
e Sl L [lesel by 2 l and snow B < gfstth;BiIli(;?ncg;afnegc?bfcgkar\?vi?cﬁsalIowed the recovery over the winter in
cs:ﬁrrrl:zct:ee.dl\élcerlgggesseﬁléceE;rrltﬁswsrbrgénoq Warmer THE 2007 MINIMUM — THE THINNING EFFECT %‘*‘ 3 2007/2003 thus showing higher summer sea ice extent in 2008 and
This leads to higher absorption of [ _ » _ _ f . (ne following years.
radiation by the ocean and thus further Increased - The evolutlon of the minimum sea ice extent In _the last 60 years
warming and melting occur. This is & absorption of shows a major decrease in 2007. However having a look at the -
called the ice-albedo feedback. radiation by change of the ice extent from year to year, one can notice that the -
ocean | decrease in 2007 was of
similar size to previous = CONCLUSIONS

year to year changes.

The major loss of sea

ice In 2007 can Dbe
ENERGY BALANCE MODEL explained by a recent
shift In the sea Ice
thickness  distribution.
The average thickness
of sea ice Is In fact now

= There Is currently no tipping point for the Arctic summer sea ice
loss.

Even without tipping points, strong variability in the sea ice
extent exists, causing conseguences for the earth system.

A simple 1-D EBM including
a global earth albedo (a) is
used to analyze the possible
Instablility introduced by the
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= Further global warming could lead to tipping points for both
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Figure 2. Minimum Arctic sea-ice extent between 1953 and

(€9T%) causes changes  in o L B ey e e g
surface temperature (T) Figure 1: EBM scheme with Fg, the solar incoming exp_erl_e_nces . wal X gL
' radiation, a the albedo and eoT* the emitted variability from summer
P TS S o Allge s ace Rt to summer for thinner ice than for thicker ice. Therefore today’s ice b -
extent has a stronger dependency on the weather and the O e
- E’Z - F,, (l—a(T))— coT*| e Emissivity p!re_dictability of the future summer sea ice extent becomes more
dt 0. Stefan-Boltzmann constant difficult.




