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Model setup and spin-up 27 

For the evaluation of the relationship between enhanced sea-ice export through Fram Strait 28 

and enhanced blocking situation, the Finite-Element Sea-Ice Ocean Model (FESOM) is used 29 

with a setup configuration of increased resolution in the Northern Hemisphere deep-water 30 

formation areas1, 2. FESOM is developed at the Alfred Wegener Institute for Polar and Marine 31 

Research and uses an unstructured triangular surface mesh approach, which allows to 32 

faithfully resolve coastlines and areas of interest in an otherwise coarser global configuration3, 33 

4, 5. The model setup has a resolution of around 20-50 km along the coasts of the Arctic and ~ 34 

80-100 km in the interior of the Arctic Ocean (Figure S1) and is forced with the data of the 35 

Comprehensive Ocean Ice Reference Experiment version 2 (COREv2) for the 1958-2009 36 

period. The raw atmospheric state in COREv2 data combines NCEP reanalysis6 with satellite 37 

data, with the details of the combination motivated by certain limitations of the reanalysis.  38 

The FESOM setup used in this study is described in more detail in1, 2. It was evaluated 39 

successfully regarding a reliable sea-ice distribution, general ocean circulation and deep 40 

water formation in the Labrador Sea. Figure S3 presents the simulated (a) and observed7, 8 41 

(b) mean sea-ice concentration fields for the Arctic averaged for the years 1979-2000, 42 

indicating an overall good agreement. To bring the model into a quasi-equilibrium state we 43 

choose as spin-up strategy to split the process into several spin-up cycles. While in the first 44 

cycle the model is initialized with the hydrography of the WOA 20019 and subsequently driven 45 

by the COREv210 data for the period 1958-2009, the second spin-up cycle is initialized with 46 

the last output year of the previous cycle and so on. We applied five spin-up cycles over the 47 

period 1958-2009, which corresponds to 260 simulated model years and was sufficient  to 48 

produce an ocean state that is well comparable to observational data1, 2. 49 
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Figure S1│ Northern hemispheric high latitude resolution of the model set-up with increased 
resolution in Labrador Sea, in Greenland Sea as well as in the coastal areas. Zoomed in is 
the location of the Fram Strait cross-section with the underlying local mesh. The mean 
resolution of the model setup within the Fram Strait cross-section is ~24 km1. 
Figure S1 has been produced with MATLAB software – version 2014b 

(http://de.mathworks.com/products/new_products/release2014b.html) 
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(a) 

 
(b) 

 
 

Figure S2│ The mean AMOC streamfunction over the periods: a) 1962 – 1970 and b) 1972 – 
1986. 
Figure S2 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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Figure S3│ Simulated (a) and observed (b) mean winter (DJF) sea ice concentration 
averaged over the period 1979-2000. The observed sea-ice concentration fields have been 
derived from7, 8. 
Figure S3 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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Figure S4│ (a) Winter mean (DJF) 2D atmospheric blocking frequency for the 5 years interval 
of low sea ice export through Fram Strait (1962-1966) and (b) during the 5 years interval of 
high Fram Strait sea ice export (1967-1971). 
Figure S4 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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(a)

 

(b)

 
(c)

 

(d)

 
(e)

 

(f)

 
 
Figure S5│ 500-hPa geopotential height (gpm; shaded) and wind vectors (m/s) winter 
(DJF) anomalies from the normal 1961–90 for the (a) winter 1960/61; (b) winter 1961/62; 
(c) winter 1962/63; (d) winter 1963/64; (e) winter 1964/65 and (f) winter 1965/66. Data 
obtained from The NCEP/NCAR Reanalysis Project. 
Figure S5 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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(a) 

 

(b) 

 
 
 

 
 
Figure S6│ (a), (b): Atmospheric blocking frequency winter (DJF) simulated composite maps 
with respect to the modeled DJF Fram Strait sea-ice export time-series below (Low < -0.75 
standard deviation, (a)) and above (High > 0.75 standard deviation (b)) ; (c), (d) same as (a), 
(b) but for the advective sea ice streamfunction. Contour lines mark the high composite map 
of the SLP anomaly (units: hPa), where black lines indicate positive and red lines negative 
anomalies with an interval of 1.5 hPa. The hatching highlights significant anomalies at a 
confidence level of 95%. 
Figure S6 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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Figure S7│ (a), (b): Sea-ice thickness simulated winter (DJF) anomaly composite maps with 
respect to the modeled DJF Fram Strait sea-ice export time-series below/above 0.75 standard 
deviation (a) Low composite and (b) High composite; (c), (d) same as (a), (b) but for the 
surface wind-stress anomaly; (e), (f): same as (a), (b) but for the horizontal barotropic ocean 
streamfunction . The hatching in (a)-(f) highlights significant values at a confidence level of 
95%. 
Figure S7 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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 (a) 

 

(b) 

 
 

Figure S8│ 2D Atmospheric blocking frequency composite maps for winter (DJF), with 
respect to the reconstructed DJF Fram Strait11 sea-ice export: (a) Low Composite (FSSIE < -
0.75 standard deviation) and (b) High Composite (FSSIE > 0.75 standard deviation). The 
hatching in (a)-(b) highlights significant anomalies at a confidence level of 95%. 
Figure S8 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 

 
 128 

 129 

 130 

 131 

 132 

 133 

 134 

 135 

 136 

 137 

 138 

 139 

 140 

 141 

 142 

 143 



12 
 

(a)

 
 

(b)

 
 
Figure S9│ The modeled anomalous temperature (a) and salinity (b) over depth and 
time averaged over the central Labrador Sea. The data are detrended and smoothed 
with a 3-year-running-mean filter. 
Figure S9 has been produced with MATLAB software – version 2014b 

 (http://de.mathworks.com/products/new_products/release2014b.html) 
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Table S1. Correlation coefficients between the observed FSSIE (Schimth and Hansen, 2003) and the 148 

seasonal modeled FSSIE. 149 

 DJF MAM JJA SON Annual 

r 0.61*** 0.15 0.37* 0.07 0.47** 

 150 

where r = correlation coefficient, DJF – winter (December – January – Feburary) FSSIE mean,  151 
MAM – spring (March – April – May) FSSIE mean, JJA – summer (June – July – August) FSSIE mean 152 
and SON – autumn (September – October – November) FSSIE mean. 153 
*** = 0.001 significance level (99.9%), ** = 0.01 significance level (99%) and * = 0.05 154 
significance level (95%). 155 
 156 


