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Spatio-temporal variability of synchronicity 
between ice retreat and phytoplankton 

blooms in the polar regions 



Changing Sea Ice 

Arctic 

Antarctic 

Source: https://nsidc.org/cryosphere/sotc/sea_ice.html 
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Key questions 

1) Variability of ice retreat and phytoplankton 
bloom timing 
 

2) Links between ice retreat and phytoplankton 
bloom timing (lags & synchronicity) 
 

3) Differences between polar systems 
 

 
 



Ice, light and phytoplankton  



Data 
 NSIDC Sea Ice Concentration (SIC) 

dataset, 25 km, quasi-daily, 1978-2013 
 GLOBCOLOUR chlorophyll,  
 4 km, 8-day, 1997-2013 
 
Processing 
 Interpolate chla onto sea ice mesh 

(grid-average) 
 24-day (3-point) running mean for sea 

ice (chla) 
 

Timing detection 
 
 
 
 
where, 
       tmax=  Sept-15 for the Arctic . 
                 Feb-15 for the Antarctic. 
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Climatology: Arctic 



Climatology: Antarctic 



Climatology: time lags 



Synchronicity plot: climatology 



Synchronicity plot: 1998-2013 



Frequency of Synchrony (Arctic vs Antarctic) 



Frequency of Synchrony (Arctic vs Antarctic) 



EOF analysis (Arctic vs Antarctic) 



Summary 

1)   Climatology:   
 Synchronicity varies over latitudes: higher synchronicity at high-

latitudes than low-latitudes. 
 Synchronicity pattern is similar in both polar regions. 
 
2)   Inter-annual:   
 Higher probability of synchrony occurrence at high-latitudes than low-

latitudes (in both polar regions)  
 Ice retreat shows declining trend over the entire Arctic; but in 

Antarctic, no clear trend detected; with regional varibility. 
 

3)   Implications: 
 Changing Ice retreat timing causes phytoplankton phenology shift, 

possibly leading to changes in growth season in polar systems, and 
affect higher trophic levels including zooplankton and even sea birds.  
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