
 

 

Response to referee comment by Prof. James Overland 

Recent sea ice loss and temperature increase are Arctic wide and consistent with greenhouse 
gas increases. The Arctic wide average temperature in the ETCW was nearly the same as the 
1990s but the anomaly was probably more regionally focused in the Atlantic Arctic; data 
from Alaska does not indicate any major sea ice loss. The ETCW is consistent with regional 
intrinsic natural variability. 
 

We  fully  agree  with  this  comment.  In  the  revised  manuscript  we  explicitly  state  this  in  the 

Introduction  section  (1st  par.)  and  also  (Introduction,  2nd  but  last  par.)  specify  later  that 

temperature increase during ETCW in the Arctic is strongest in the Atlantic Sector and absent in the 

Pacific Sector. Paper by Wood et al. 2010 is cited.  

 

Note that Wood and Overland (2010) did not imply that the atmosphere created the ETCW on 
its own.  
 
We agree. The reference to Wood and Overland (2010) was removed from that sentence. 

However, I do not think that multidecadal Atlantic Ocean variability is an explanation in 
itself. In fact Wood et al. (2010) suggest that the ETCW was a unique North Atlantic event in 
the last 200 years. 
 

We agree. We do not  imply  that AMO  is  the only plausible explanation  for  the ETCW.  Instead, we 

suggest that any perturbation of the coupled system, from the ocean or the atmosphere, could have 

triggered a  long‐lasting anomaly which can be amplified by a positive  feedback mechanism. This  is 

now explicitly written in the Discussion: “Analysis of extended Arctic temperature records since the 

19th century suggests that ETCW  in the Arctic was an  irregular fluctuation rather than a part of a 

quasi  periodic  process  (Wood  et  al.,  2010).  Changes  in  ocean  heat  transport  or  atmospheric 

circulation anomalies could trigger a prolonged natural  fluctuation such as ETCW, as they can be 

amplified  through  local positive  feedbacks between  the  sea  ice,  the ocean and  the  atmosphere 

(Bengtsson et al., 2004; Wood and Overland, 2010).” We also changed “variability” to “fluctuation” 

in the very last sentence thus stressing that ETCW was not necessarily a part of some multi‐decadal 

variability but could represent a single fluctuation as proposed in study by Wood et al. (2010) that is 

now cited. 

 

Response to referee comment by Prof. John Walsh 

We would  like  to  thank  the  referee  for  providing  additional  references  that  support  a  picture  of 

considerable sea ice retreat during the ETCW. The reference are now cited. 

 



Response to short comment by Prof. Genrikh Alekseev 

We would like to thank Prof. Alekseev for pointing out several important studies about Arctic sea ice 

conditions during ETCW, particularly  for the books reviewing Russian data sources  (Zakharov 2003; 

Alekseev et al. 2007). The citations are now included.  
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Abstract 13 

The Arctic featured the strongest surface warming over the globe during the recent 14 

decades, and the temperature increase was accompanied by a rapid decline in sea ice 15 

extent. However, little is known about Arctic sea ice change during the Early Twentieth 16 

Century Warming (ETCW) during 1920-1940, also a period of a strong surface warming, 17 

both globally and in the Arctic. Here, we investigate the sensitivity of Arctic winter 18 

surface air temperature (SAT) to sea ice during 1875-2008 by means of simulations with 19 

an atmospheric general circulation model (AGCM) forced by estimates of the observed 20 

sea surface temperature (SST) and sea ice concentration. The Arctic warming trend since 21 

the 1960s is very well reproduced by the model. In contrast, ETCW in the Arctic is 22 

hardly captured. This is consistent with the fact that the sea ice extent in the forcing data 23 
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 2

does not strongly vary during ETCW. AGCM simulations with observed SST but fixed 1 

sea ice reveal a strong dependence of winter SAT on sea ice extent. In particular, the 2 

warming during the recent decades is strongly underestimated by the model, if the sea ice 3 

extent does not decline and varies only seasonally. This suggests that a significant 4 

reduction of winter Arctic sea ice extent may have also accompanied the Early Twentieth 5 

Century Warming, pointing toward an important link between anomalous sea ice extent 6 

and Arctic surface temperature variability.  7 

 8 

 9 

1 Introduction 10 

The anomalously warm temperatures in the Arctic during the Early Twentieth Century 11 

Warming (ETCW) (Bengtsson et al., 2004;Wood and Overland, 2010) have been 12 

exceeded only during the most recent years (Fig. 1). The recent sea ice loss and Arctic 13 

warming is Arctic wide and consistent with increasing atmospheric greenhouse gas 14 

concentrations. For the ETCW, the temperature anomalies were more regional being 15 

concentrated in the Atlantic portion of the Arctic, suggesting a stronger contribution from 16 

natural variability (Wood and Overland, 2010). The origin of the ETCW is still under 17 

discussion and could be a key for understanding past and predicting future Arctic climate 18 

change. Whereas the recent Arctic warming since the 1970s was accompanied by a strong 19 

reduction in sea ice extent, only little is known about sea ice during ETCW, particularly 20 

during the cold half of the year, when surface air temperature (SAT) changes exceeded 21 

those in summer by a factor of two (Overland et al., 2004;Semenov, 2007) thereby 22 

providing the major contribution to the annual mean. Both the cold season (November 23 

through April) SAT and sea ice extent exhibit strong sustained trends since the 1970s 24 

with some higher-frequency variability superimposed (Fig. 1). The datasets used here are 25 

CRUTEM3 (Brohan et al., 2006) and HadISST1.1 (Rayner et al., 2003). The picture 26 

drastically changes, however, during ETCW. In particular, no decadal-scale decline in sea 27 

ice extent is seen during ETCW which would be comparable to that observed during the 28 
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 3

recent decades. The possible reason for this apparent inconsistency between the warming 1 

and sea ice behaviour during the recent decades and that during ETCW is the topic of the 2 

present study. 3 

The Hadley Center sea surface temperature (SST) and sea ice gridded dataset 4 

(HadISST1.1) comprises different observational data (Rayner et al., 2003). The winter 5 

Arctic sea ice area anomalies from HadISST1.1 (Fig. 1) do not depict any strong changes 6 

before 1960. The sources for the Arctic sea ice data are highly inhomogeneous and data 7 

reliability and spatial coverage drops sharply before the satellite era which started in 1978 8 

(Walsh and Chapman, 2001). The data for 1953-1977 are compiled from several national 9 

sources based on different observational methods (without any data from the former 10 

Soviet Union) (Walsh and Johnson, 1979). The data prior to 1953 are very sparse and 11 

based on records from Danish Meteorological Institute and Norwegian Polar Institute. 12 

Data quality is particularly bad for winter when no data were available during 1901-1965 13 

and temporal interpolation was applied using summer data (Rayner et al., 2003). Thus the 14 

sea extent during ETCW and before cannot be considered reliable, as also somewhat 15 

suggested by the almost constant values during this time period (Fig. 1). This also applies 16 

to summer (not shown). 17 

The Arctic surface climate during the last century is characterized by strong multi-18 

decadal variability with ETCW being a part of it. Some first indications of a transition to 19 

a warmer climate state have been presented already in the 1920s (Ifft, 1922). Concurrent 20 

multi-decadal variations have been revealed in the Arctic surface air temperature, the 21 

Arctic sea level pressure, and the temperature of Atlantic water layer and freshwater 22 

content of the Arctic Ocean (Bengtsson et al., 2004;Overland et al., 2004;Polyakov et al., 23 

2003a;Polyakov et al., 2004;Polyakov et al., 2008;Polyakov et al., 2003b). Regional data 24 

from the Eastern Arctic and the Nordic Seas depict a considerable reduction in sea ice 25 

extent or a retreat of the ice edge during ETCW (Alekseev et al., 2009; Polyakov et al., 26 

2003a; Divine and Dick, 2006; Alekseev G.V., 2007; Alekseev et al., 2007). An Arctic 27 

sea ice decline is also suggested by some whole-Arctic reconstructions (Zakharov, 1997; 28 

Johannessen et al., 2004). Further evidence for shrinking sea ice extent during ETCW has 29 

been presented by Zakharov, (2003). Most of the available sea ice data for the early 20th 30 
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 4

century period cover the warm half of a year, leaving a much higher uncertainty for 1 

estimating sea ice variations during the winter half. 2 

Winter Arctic SAT and sea ice extent are closely linked as shown by observational 3 

analysis and climate model simulations (Bengtsson et al., 2004;Goosse and Holland, 4 

2005;Semenov, 2008;Johannessen et al., 2004;Mysak et al., 1990). The multi-decadal 5 

SAT variability in the Arctic (Semenov and Bengtsson, 2003) including the ETCW SAT 6 

anomaly (Bengtsson et al., 2004) is strongest near the sea ice edge in the Atlantic Sector, 7 

and pan-Arctic station data show positive temperature anomalies during ETCW 8 

practically at all longitudes except for the Pacific Sector (Overland et al., 2004; Wood 9 

and Overland, 2010; Wood et al., 2010). All the above and the apparent mismatch 10 

between the SAT and the sea ice evolution during the first half of the 20th century 11 

(Fig. 1) suggest a possibility of a strongly reduced Arctic sea ice extent during ETCW. 12 

Here, we indirectly address the question as to whether ETCW could have been 13 

accompanied by a strong reduction in winter Arctic sea ice extent by comparing 20th 14 

century Arctic land SAT obtained from meteorological stations to those from an 15 

atmosphere model forced by observational estimates of SST and sea ice extent. Such an 16 

approach was used in many previous studies which showed that on continental scales, 17 

oceanic boundary forcing explains a major part of the observed multi-decadal SAT 18 

variability during the last century (e.g., Dommenget, 2009;Hoerling et al., 2008). We 19 

performed two ensemble integrations with an atmospheric general circulation model 20 

(AGCM) driven with observed SST. Sea ice concentration (SIC) varies inter-annually 21 

only in one ensemble, while it is prescribed from climatology in the other. This approach, 22 

although not accounting for full ocean-atmosphere-sea ice coupling, provides an estimate 23 

of the sea ice feedback to Arctic SAT.  24 

 25 

2 Model simulations and data 26 

The simulations were performed with the ECHAM5 AGCM (Roeckner et al., 2003). The 27 

model version used here has a horizontal resolution of T31 (3.75°  3.75°) and 19 vertical 28 

levels. Two ensemble simulations were conducted for the period 1875-2008. Each 29 

ensemble consists of 7 realizations with identical boundary forcing but different 30 
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 5

atmospheric initial conditions. In both ensembles, estimates of observed radiative forcing 1 

were prescribed including greenhouse gases, sulphate aerosols, and ozone. Other external 2 

forcing such as solar forcing was not considered. One ensemble (HadISST) used the full 3 

time-varying SST and SIC from HadISST1.1. The other (HadISST-fixed ice) used the 4 

same SST forcing but fixed monthly mean sea ice climatology calculated from the period 5 

1941-1950.  6 

The simulated land SAT averaged over the sub-Arctic and Arctic latitudes (north of 7 

60°N) was compared to the observations from the Climatic Research Unit Temperature 8 

dataset CRUTEM3 (Brohan et al., 2006). The gridded data contain many gaps or missing 9 

values particularly during the first half of the 20th century. For consistency, the monthly 10 

model SATs have been interpolated on the CRUTEM3 grid and sampled exactly in the 11 

same way as in CRUTEM3. It is important to note that despite the scarce data, especially 12 

during the earlier periods, the CRUTEM3 sampling is sufficient to represent the whole-13 

Arctic SAT (land and ocean north of 60°N) simulated by the model. This is illustrated by 14 

Fig. 2 which shows the winter (November-April) Arctic SAT anomalies from the 15 

HadISST experiment computed as the ensemble mean of the model data with full and 16 

with CRUTEM3 sampling. There is virtually no difference between the two time series 17 

after 1950. There are, however, some noticeable discrepancies during the earlier period, 18 

but these do not exceed 0.3°C.  19 

The following analysis is restricted to the cold half of the year (November-April) which 20 

exhibited the strongest SAT trend during the recent decades and also during ETCW. A 5-21 

year running mean filter was applied to present the results, as the focus of this study is on 22 

multi-decadal Arctic SAT changes. 23 

 24 

3 Results 25 

The Arctic cold season land SAT anomalies simulated by ECHAM5 in the HadISST 26 

ensemble (Fig. 3) are shown together with the observations from CRUTEM3, and those 27 

from NCEP/NCAR reanalysis (Kalnay et al., 1996). All data are sampled in the same way 28 

as CRUTEM3 with the anomalies computed relative to 1961-1990. The NCEP/NCAR 29 

SAT follows very closely the observed anomalies during the overlapping period. The 30 
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ECHAM5 ensemble-mean is an estimate of the changes caused by external and surface 1 

forcing. The ensemble spread reflecting internal atmospheric variability is indicated by 2 

the dashed blue lines (95% confidence interval). The model reproduces well the observed 3 

Arctic warming trend of about 2°C since the last major SAT minimum in the 1960s. 4 

There are, however, some differences. A cooling is simulated around 2000 which is not 5 

present in CRUTEM3. Furthermore, the model slightly underestimates the very recent 6 

warming by some 0.5°C, although at least half of this mismatch could be explained by 7 

internal atmospheric variability. In contrast to the most recent warming, the ETCW is not 8 

reproduced by ECHAM5 and clearly outside the internal variability range of the model 9 

for more than two decades.  10 

The role of sea ice in long-term Arctic SAT variability can be evaluated by comparing the 11 

HadISST ensemble to the HadISST-fixed ice ensemble with not inter-annually varying 12 

sea ice (Fig. 4a). The ensemble-mean SAT simulated in the two experiments follow each 13 

other closely up to about 1970. Thereafter they start to diverge, with significantly lower 14 

SAT simulated in HadISST-fixed ice: The warming in the fixed sea ice case is about 15 

0.7 °C (40%) less than that in HadISST with varying sea ice. The SAT differences during 16 

the late 19th and early 20th century are statistically insignificant and within the ensemble 17 

spread. The differences between the two ensemble-mean SATs are shown for the two 18 

samplings (one as in CRUTEM3, the other with whole-Arctic coverage) together with the 19 

corresponding differences in sea ice extent (Fig. 4b). Clearly, there is a close inverse 20 

relationship between temperature and sea ice during the last four decades. This highlights 21 

the important link between sea ice extent and SAT changes during the recent decades. 22 

During ETCW, the SAT differences between the two ensembles are generally small for 23 

both samplings. Furthermore, the difference in sea ice extent during ETCW is also 24 

modest, as expected from Fig. 1 depicting the absence of large SIC changes in 25 

HadISST1.1. This indicates the importance of sea ice for reproducing SAT in our model 26 

and suggests that sea ice may have played a strong role not only during the recent 27 

decades but also during ETCW. 28 

The cold season SAT difference between the two ensemble means (HadISST minus 29 

HadISST-fixed ice) during 1989-2008 is strongest in the Barents and Kara Sea regions 30 

and over the northern part of the Greenland Sea with values reaching more than 2 °C 31 
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(Fig. 5). Secondary, smaller, maxima are located in the northern Labrador Sea, Bering 1 

and Okhotsk Seas. Overall, the pattern looks very similar to that of ETCW identified by 2 

Bengtsson et al. (2004) based on another SAT analysis (Kuzmina et al., 2008). The 3 

pattern is also reminiscent of the multi-decadal SAT variability pattern during the 20th 4 

century (Semenov, 2007;Semenov and Bengtsson, 2003). The similarity of the patterns 5 

also supports the notion that the ETCW was accompanied by a strongly reduced winter 6 

sea ice extent. 7 

 8 

4 Discussion 9 

We suggest that the Early Twentieth Century Warming (ETCW) in winter was 10 

accompanied by a strongly reduced Arctic sea ice extent, which in turn considerably 11 

contributed to Arctic surface warming during that time. However, this could be shown 12 

only indirectly by means of an AGCM. The latter cannot reproduce the strong positive 13 

winter Arctic SAT anomaly during ETCW when forced by SST and SIC from 14 

observational data (HadISST). In contrast, the most recent warming phase starting in the 15 

mid-1960s is well simulated by the model. We hypothesize that the surface forcing data 16 

used to drive the model is not reliable, as it does not depict any strong sea ice extent 17 

changes prior to 1960, especially not during ETCW.  18 

We cannot directly infer from our forced AGCM simulations the ETCW mechanism, 19 

which may essentially involve coupled ocean-sea ice-atmosphere dynamics. However, 20 

the uncoupled approach helps to evaluate the feedback of sea ice extent on the surface 21 

temperature. The comparison of the numerical experiments with and without inter-22 

annually varying sea ice extent reveals a strong dependence of the simulated Arctic SAT 23 

on sea ice changes on the order of 0.6 °C warming per 106 km2 of sea ice area reduction.  24 

There can be proposed other explanations than sea ice for the mismatch between the 25 

simulated and observed Arctic surface air temperatures during ETCW. First, a sampling 26 

effect due to the lack of surface temperature observations may be responsible. This can be 27 

basically ruled out, as the way of sampling imposes only minor changes in the model 28 

(Fig. 2). Second, the experiments do not consider solar forcing and may not correctly 29 

represent stratospheric ozone and aerosol forcing, all of which could have contributed to 30 
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ETCW. It should be noted, however, that the CMIP3 models (Meehl et al., 2007) in the 1 

ensemble mean considerably underestimate ETCW when forced by all known forcing 2 

agents (20C3M simulations)  (Wang et al., 2007). Further, a major part of the large-scale 3 

radiative forcing is already reflected in the prescribed historical boundary forcing. 4 

Finally, we cannot exclude beforehand the possibility that ETCW constitutes a strong 5 

realization of internal multi-decadal atmospheric variability. However, the latter is not 6 

supported by our model ensembles each consisting of 7 members, as not a single 7 

realization featured an anomaly comparable to ETCW by its amplitude and duration. 8 

Model bias needs to be considered in this context. Semenov et al. (2008) show, however, 9 

that the AGCM when coupled to an ocean GCM simulates internal atmospheric 10 

variability in the Arctic/North Atlantic Sector that is consistent with observations.  11 

A more plausible hypothesis that would readily explain the absence of the ETCW in the 12 

AGCM simulations is a concurrent reduced Arctic sea ice cover that is not present in the 13 

surface forcing dataset. Particularly important are the sea ice anomalies in the Barents 14 

and Kara Seas where observations indeed indicate a considerable retreat of summer sea 15 

ice extent during the 1930s and 1940s (Alekseev et al., 2009; Johannessen et al., 2004; 16 

Polyakov et al., 2003a; Alekseev et al., 2007; Divine and Dick, 2006; Zakharov, 2003). It 17 

is important to note in this context that on decadal and longer timescales observed 18 

summer and winter sea ice extent variations exhibit a high coherence during 1953-2008 19 

(Fig. 6), after removing the linear trend. However, the linear trend is more than two times 20 

steeper in the summer half of the year, while inter-decadal variations are practically of the 21 

same amplitude.  22 

Recent studies suggested a major contribution of sea ice loss to the accelerated Arctic 23 

SAT increase during the recent decades (Screen and Simmonds, 2010;Semenov et al., 24 

2010;Serreze et al., 2009). Furthermore, the observed warming pattern during the late 20th 25 

and early 21st century is similar to that during ETCW. This motivated us to estimate the 26 

magnitude of the possible reduction in winter sea ice extent during ETCW (Fig. 7) by 27 

computing an SAT difference-sea ice extent regression using the two model ensembles 28 

with and without varying sea ice (Fig. 3). The analyses yields a winter sea ice extent 29 

change during ETCW on the order of 0.8 106 km2, which is comparable to the decrease 30 

during the recent decades (see Fig. 1).  31 
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Our model results imply that a relatively strong sea ice retreat may have played a 1 

prominent role in driving ETCW in the Arctic, also suggesting a possible contribution 2 

from internal multi-decadal Atlantic Ocean variability, as previously hypothesized in 3 

several studies (Goosse and Holland, 2005; Jungclaus et al., 2005; Levitus et al., 2009; 4 

Semenov, 2008; Semenov et al., 2010; Mahajan et al., 2012). Analysis of extended Arctic 5 

temperature records since the 19th century suggests that ETCW in the Arctic was an 6 

irregular fluctuation rather than a part of a quasi periodic process (Wood et al., 2010). 7 

Changes in ocean heat transport or atmospheric circulation anomalies could trigger a 8 

prolonged natural fluctuation such as ETCW, as they can be amplified through local 9 

positive feedbacks between the sea ice, the ocean and the atmosphere (Bengtsson et al., 10 

2004; Wood and Overland, 2010). 11 

Control integrations from the CMIP3 ensemble demonstrate that internal variability is 12 

capable to produce strong fluctuations of the wintertime Arctic sea cover that are 13 

comparable or even surpass our indirect ETCW AGCM-based estimate. Seven models 14 

out of twenty showed multi-decadal sea ice area fluctuations with a magnitude exceeding 15 

0.8 106 km2, and another five sea ice area changes of at least 0.5 106 km2. Six of the 16 

former excluding the one with unrealistically large (about 2.5 106 km2) sea ice changes 17 

are shown in Fig. 8 together with the estimated sea ice anomalies during ETCW from 18 

Fig. 7. Furthermore, the coupled models, consistent with the inferences drawn here, 19 

reveal a high anti-correlation between Arctic sea ice extent and Arctic surface 20 

temperature changes. For the majority of the CMIP3 models the anti-correlation is 21 

stronger than -0.6 (and even -0.7 for 9 models). Thus internal multi-decadal climate 22 

fluctuation is a potential candidate to explain the Early Twentieth Century Warming in 23 

the Arctic. 24 

 25 
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Figure Captions 1 

Figure 1: Arctic (60°N-90°N) cold season (November-April) land SAT anomalies (°C) 2 

from (CRUTEM3), and NH sea ice area anomalies (106 km2) from HadISST1.1. A 5-year 3 

running mean filter was applied to both datasets. 4 

Figure 2: Arctic cold season (November-April) SAT anomalies (°C) simulated in the 5 

HadISST ensemble mean with (blue) and without (black) data sampling according to 6 

CRUTEM3 data. 7 

Figure 3: Arctic (60°N-90°N) cold season (November-April) land SAT anomalies (°C) as 8 

observed (CRUTEM3, red) and computed in the ECHAM5 (HadISST) ensemble 9 

integrations. The thick blue line represents the ensemble-mean, the dashed blue lines 10 

show the 95% confidence interval (according to Student’s t-test) estimated from the 11 

ensemble spread. The green line depicts the NCEP/NCAR reanalysis SAT. A 5-year 12 

running mean filter was applied to all data.  13 

Figure 4: (a) Arctic land SAT cold season anomalies (°C) as simulated in the HadISST 14 

(red) and HadISST-fixed ice ensemble (blue). The ensemble-means are given as solid 15 

bold lines, the confidence intervals as thin dashed lines; (b) difference between the 16 

ensemble-mean SATs shown in (a) with (red) and without (green) data sampling 17 

according to CRUTEM3 data. The black line depicts the inverted (see right y-axis) sea 18 

ice area differences (106 km2) (HadISST1.1 - climatology of the period 1941-1950). All 19 

time series are smoothed with a 5-year running mean filter.  20 

Figure 5: Cold season (November-April) ensemble-mean SAT differences (°C) averaged 21 

over the period 1989-2008 between the HadISST and HadISST-fixed sea ice ensembles. 22 

Figure 6: Detrended Northern Hemisphere sea ice area anomalies during 1953-2008, in 23 

106 km2 (HadISST1.1 data) for the cold (November-April) and warm (May-October) half 24 

of the year. 25 

Figure 7: Ensemble-mean difference (°C) between Arctic cold season land SAT from the 26 

ECHAM5 (HadISST) ensemble (thick blue line) and the observations (CRUTEM3). The 27 

thin blue lines show the 95% confidence interval. A 5-year running mean was applied. 28 

The magenta line is ensemble-mean difference smoothed with a 15-year running mean. 29 
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Left axis is for SAT anomalies, right axis represents sea ice area anomalies (106 km2) 1 

associated with temperature difference as estimated from model sensitivity experiments.  2 

Figure 8: Inter-decadal variations of the winter (November-April) Arctic sea ice area 3 

anomalies (106 km2) as simulated in selected CMIP3 control experiments and the ETCW 4 

sea anomaly as estimated from model sensitivity experiments (Fig. 7). All time series are 5 

smoothed with 11-yr running mean filter. 6 
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Figures 1 

 2 

 3 

Figure 1: Arctic (60°N-90°N) cold season (November-April) land SAT anomalies (°C) 4 

from (CRUTEM3), and NH sea ice area anomalies (106 km2) from HadISST1.1. A 5-year 5 

running mean filter was applied to both datasets. 6 
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 2 

Figure 2: Arctic cold season (November-April) SAT anomalies (°C) simulated in the 3 

HadISST ensemble mean with (blue) and without (black) data sampling according to 4 

CRUTEM3 data. 5 
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Figure 3: Arctic (60°N-90°N) cold season (November-April) land SAT anomalies (°C) as 3 

observed (CRUTEM3, red) and computed in the ECHAM5 (HadISST) ensemble 4 

integrations. The thick blue line represents the ensemble-mean, the dashed blue lines 5 

show the 95% confidence interval (according to Student’s t-test) estimated from the 6 

ensemble spread. The green line depicts the NCEP/NCAR reanalysis SAT. A 5-year 7 

running mean filter was applied to all data.  8 
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Figure 4: (a) Arctic land SAT cold season anomalies (°C) as simulated in the HadISST 2 

(red) and HadISST-fixed ice ensemble (blue). The ensemble-means are given as solid 3 

bold lines, the confidence intervals as thin dashed lines; (b) difference between the 4 

ensemble-mean SATs shown in (a) with (red) and without (green) data sampling 5 

according to CRUTEM3 data. The black line depicts the inverted (see right y-axis) sea 6 

ice area differences (106 km2) (HadISST1.1 - climatology of the period 1941-1950). All 7 

time series are smoothed with a 5-year running mean filter.  8 
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Figure 5: Cold season (November-April) ensemble-mean SAT differences (°C) averaged 2 

over the period 1989-2008 between the HadISST and HadISST-fixed sea ice ensembles. 3 
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Figure 6: Detrended Northern Hemisphere sea ice area anomalies during 1953-2008, in 3 

106 km2 (HadISST1.1 data) for the cold (November-April) and warm (May-October) half 4 

of the year. 5 
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Figure 7: Ensemble-mean difference (°C) between Arctic cold season land SAT from the 3 

ECHAM5 (HadISST) ensemble (thick blue line) and the observations (CRUTEM3). The 4 

thin blue lines show the 95% confidence interval. A 5-year running mean was applied. 5 

The magenta line is ensemble-mean difference smoothed with a 15-year running mean. 6 

Left axis is for SAT anomalies, right axis represents sea ice area anomalies (106 km2) 7 

associated with the temperature difference as estimated from sensitivity experiments.  8 

 9 
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Figure 8: Inter-decadal variations of the winter (November-April) Arctic sea ice area 2 

anomalies (106 km2) as simulated in selected CMIP3 control experiments and the ETCW 3 

sea anomaly as estimated from the sensitivity experiments with ECHAM5 (Fig. 7). All 4 

time series are smoothed with 11-yr running mean filter. 5 
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