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Motivation 
 
This study explores possible connections between 
sea ice reduction in the Arctic and ice export from the 
Arctic through Fram Strait (Fig. 1). The motivation is 
the following: 
 
•The observed reduction of sea ice in the Arctic is 
consistent with the recent Arctic warming signal 
(Screen and Simmonds, 2010).  
 

•Ice export through Fram Strait, however, is another 
factor that can influence the amount of sea ice in the 
Arctic.  
 

•Ice export through this Strait has been regarded as 
constant (Kwok, 2009), but recent studies by 
Smedsrud et al. (2008, 2011) suggest higher ice 
export since 2000 than in any decade since the 
1950s. 
 
Data 
 
The study is based on the historical simulations of the 
CMIP5 (Coupled Model Intercomparison Project) 
climate models (Taylor et al. 2011). They are 
evaluated with satellite observations and reanalysis 
data:  
 
•Sea ice concentrations  from 1979 to 2011 from 
monthly passive microwave data on a 25km x 25km 
grid provided by the National Snow and Ice Data 
Center (NSIDC)   
•Ice area export through Fram Strait from 2004 to 
2011 from a recent synthetic-aperture radar (SAR) 
based time series (Kloster and Sandven, 2011)  
•A wind-based (NCEP) proxy for ice area export from 
1957-2010 based on the observed SAR time series 
(Smedsrud et al., 2011). 

Connections of Arctic Basin Sea Ice and Fram Strait Ice Export 
on an Inter-annual Time Scale 
 
1) Above average ice volume export will lead to a decrease of the 

Arctic Basin sea ice volume with a lag of 1-3 years (Fig. 6).  
 

2) Above average stock of sea ice in the Arctic Basin will with a 1-4 
year time lag lead to increased export of ice through Fram Strait 
(Fig. 6).  

 
•The inter-annual variability of the ice volume export is about half 
the inter-annual variability of the sea ice volume.  
 

•Variability in Arctic Basin sea ice volume is dominated by changes 
in the sea ice thickness. 
 

•Increased Fram Strait ice export during spring time leads to less 
Arctic Basin sea ice area in the following September - fast response 
in sea ice area. 

Trends 
 
CMIP5 models both over- and underestimate the declining trend of the 
Arctic sea ice area as opposed to the last generation of climate models 
which all underestimated sea ice decline (Fig. 4). None of the models 
reproduces the trend in the Fram Strait ice area export estimated by the 
NCEP proxy (Fig. 5). Absolute values and variance of ice export are 
overestimated relative to the proxy. 

Evaluation of Seasonal Cycle 
 
CMIP5 models reproduce the timing of the seasonal cycle of Arctic sea ice 
area very well (correlation to observations > 0.97 for all models). Some 
models overestimate the amplitude of the seasonal cycle (Figure 2). The ice 
area export through Fram Strait is reasonably well reproduced by the models 
and the NCEP proxy (Fig. 3). The integrated annual ice area export is on the 
order of 10% of the total summer sea ice area. 
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Fig. 1. Map of the Arctic, indicating the flow of ice 
through Fram Strait (red arrow), the extent of the 
Arctic Basin used for calculations (blue) and 
september sea ice extent in the NorESM1-M 
model (green and blue lines). 

Fig. 3. Seasonal cycle of Fram Strait ice area export for the period 1950-2005 
for satellite observations (A), CMIP5 models (B-H) and NCEP proxy (K). 
Numbers in parentheses indicate the number of model ensemble members and 
the deviating data periods for satellite observations and proxy.  

Fig. 4. Time series on September sea ice area for CMIP5 models (north of 40°N) and 
satellite observations, smoothed with a running mean filter (window length 11 years). The 
model with the weakest and strongest trend between 1980-2000 are indicated by thin 
black lines. The insert panel indicates the decadal trend 1980-2000 in %. 

Fig. 2. Seasonal cycle of sea ice area north of 40°N for the period 
1980-2000 for satellite observations (A) and CMIP5 models (B-J). 
Numbers in parentheses indicate the number of model ensemble 
members. 
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Fig. 5. Time series of annually integrated Fram Strait ice area export 
from CMIP5 climate models (B-H) and NCEP proxy (K). Numbers in 
parentheses indicate the number of model ensemble members. 

Fig. 6. Lagged correlation between mean annual sea ice volume inside the Arctic 
Basin and mean annual ice volume export through Fram Strait for the period 1950-
2005. Horizontal lines denote 95% significance levels. 
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Conclusions 
 

•Most CMIP5 models capture the variability of Arctic sea ice and ice export reasonably well 
•Present day September ice extent trends are now spanned by the models, and some overestimate the ice loss 
•Ice export plays a significant role in the interannual variability of Arctic sea ice volume (and thickness) 
•Annual ice export plays a significant role in the variability of Arctic sea ice volume (and thickness) with a time lag of 1-4 years 
•Spring ice export plays a significant role in the interannual variability of September sea ice area 
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