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In total, we analyzed LFSI evolution for five full seasonal cycles. One season (i.e., 2007/2008) is presented in the main manuscript, and the other four seasonal cycles are illustrated as supplemental material.
During the entire season 2008/2009, LFSI in A1(Figure S1) was quite stationary and remained in place for almost the entire season before breaking up in July. The stable stage started from mid-February, which can be clearly identified from satellite images (see images on Feb. 24, Mar. 28 and May. 5). The HIGHTSI modeled ice thickness was 1.47 m in mid-May. Modeled maximum thickness was 2.03 m on Jun. 14 before melting began. The MODIS image on Jun. 28, 2009, appears blue, indicating a melting surface.  
During the entire season 2009/2010, the rapid ice formation was clearly identified by the VIA method between late October and Mid-November. The modeled ice thickness was 0.55 m at the onset date of this period. Flaw lead was observed during the rapid ice formation stage (see image on Nov. 19). During the LFSI decay stage, melting was clearly seen from MODIS images. The fracture breakup in A2 and A3 (Fig. 2 in the main manuscript) was observed during the ice decay stage when LFSI was still 0.7 m thick. 
During the entire season 2010/2011, the initial ice formation in A1 was seen from the ASAR image. We can see the development of flaw leads during the rapid ice formation stage in response to sea ice dynamics. During the ice decay stage, thermodynamic melting continued until early July. 
During the entire ice season 2011/2012, the LFSI grew fast during the rapid ice formation stage. The surface texture revealed by ASAR images was smooth in this stage, indicating congelation ice growth dominates ice formation. The ice breakup occurred at the outside edge of A3 in early June, where the LFSI was at the early decay stage modeled by HIGHTSI. 
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Figure S2 near here
Figure S3 near here
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Figure captions
Figure S1. (a) Observed annual wind speed, direction, and air temperature at Kotelny Island weather station in 2008/2009 (b) HIGHTSI-modeled seasonal cycle of snow depth, ice thickness, and temperature accompanied by selected snapshots of MODIS and Envisat ASAR images. The acquisition date is shown in each image and the arrows point to the corresponding modeled ice thicknesses. The vertical dashed lines separate the LFSI stages.

Figure S2.(a) Observed annual wind speed, direction, and air temperature at Kotelny Island weather station in 2009/2010 (b) HIGHTSI-modeled seasonal cycle of snow depth, ice thickness, and temperature accompanied by selected snapshots of MODIS and Envisat ASAR images. The acquisition date is shown in each image and the arrows point to the corresponding modeled ice thicknesses. The vertical dashed lines separate the LFSI stages.

Figure S3. (a) Observed annual wind speed, direction, and air temperature at Kotelny Island weather station in 2010/2011 (b) HIGHTSI-modeled seasonal cycle of snow depth, ice thickness, and temperature accompanied by selected snapshots of MODIS and Envisat ASAR images. The acquisition date is shown in each image and the arrows point to the corresponding modeled ice thicknesses. The vertical dashed lines separate the LFSI stages.

Figure S4. (a) Observed annual wind speed, direction, and air temperature at Kotelny Island weather station in 2011/2012 (b) HIGHTSI-modeled seasonal cycle of snow depth, ice thickness, and temperature accompanied by selected snapshots of MODIS and Envisat ASAR images. The acquisition date is shown in each image and the arrows point to the corresponding modeled ice thicknesses. The vertical dashed lines separate the LFSI stages.

Figure S5. Comparison between modeled IFD and observed IFD from satellite images for five ice seasons of 2007/2008 - 2011/2012.



Table S1. Onset dates of rapid ice formation, stable and decay stages detected by VIA, and the corresponding HIGHTSI modeled ice thickness.
	Ice season
	Rapid ice formation 
	Stable 
	Decay

	
	Onset Date
	SIT(m)
	Onset Date
	SIT(m)
	Onset date
	SIT (m)

	2007/2008
	11.5
	0.35
	3.28
	1.75
	6.17
	1.97

	2008/2009
	11.15
	0.44
	2.17
	1.47
	6.14
	2.03

	2009/2010
	11.1
	0.55
	2.1
	1.50
	6.9
	2.03

	2010/2011
	11.18
	0.47
	4.12
	1.66
	6.8
	1.82

	2011/2012
	11.1
	0.40
	3.8
	1.54
	5.26
	1.89



