
 Barents Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model ACCESS1-3 

OCS 

   
 Data Min = -0.06 m s-1, Max = 0.01 m s-1 Data Min = -0.06 m s-1, Max = 0.03 m s-1 Data Min = -0.06, Max = 0.05 m s-1 

 
 

 Full 28-model ensemble Optimal 7-model ensemble Top-ranking model ACCESS1-0 

SSS 

   
 Data Min = -2.89 psu, Max = 0.04 psu Data Min = -1.3 psu, Max = 0.9 psu Data Min = -0.1 psu, Max = 1.2 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model MIROC-ESM 

SST 

   
 Data Min = -7.8 K, Max = 0.1 K Data Min = -2.2 K, Max = 2.4 K Data Min = 0.1 K, Max = 2.8 K 

 
 

 Full 30-model ensemble Optimal 7-model ensemble Top-ranking model MIROC4h 

WS 
 

   
 Data Min = -0.89 m s-1, Max = 0.17 m s-1 Data Min = -0.71 m s-1, Max = 0.36 m s-1 Data Min = -2.05 m s-1, Max = 0.81 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -11.78 W m-2, Max = 11.89 W m-2 Data Min = -14.25 W m-2, Max = 5.42 W m-2 Data Min = -19.44 W m-2, Max = 3.76 W m-2 

 

Figure S1. Spatial distribution of biases for the blooming period between models and 
reanalysis for five forcing factors in the blooming area of the Barents Sea. 
 
 
 
 



 Bering Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model IPSL-CM5A-MR 

OCS 

   
 Data Min = -0.21 m s-1, Max = 0.15 m s-1 Data Min = -0.18 m s-1, Max = 0.14 m s-1 Data Min = -0.06 m s-1, Max = 0.08 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model MPI-ESM-LR 

SSS 

   
 Data Min = -3.37 psu, Max = 3.52 psu Data Min = -1.41 psu, Max = 4.24 psu Data Min = -0.78 psu, Max = 4.29 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model IPSL-CM5A-LR 

SST 

   
 Data Min = -17.2 K, Max = -0.2 K Data Min = -1.9 K, Max = -0.1 K Data Min = -0.4 K, Max = 1.2 K 

 
 

 Full 30-model ensemble Optimal 11-model ensemble Top-ranking model MIROC-ESM 

WS 
 

   
 Data Min = -0.97 m s-1, Max = 0.62 m s-1 Data Min = -1.53 m s-1, Max = 0.43 m s-1 Data Min = -2.77 m s-1, Max = 0.87 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -4.57 W m-2, Max = 4.77 W m-2 Data Min = 1.91 W m-2, Max = 9.99 W m-2 Data Min = -1.68 W m-2, Max = 5.31 W m-2 

 

Figure S2. Spatial distribution of biases for the blooming period between models and 
reanalysis for five forcing factors in the blooming area of the Bering Sea. 
 
 
 
 



 Greenland Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model MRI-CGCM3 

OCS 

   
 Data Min = -0.047 m s-1, Max = 0.033 m s-1 Data Min = -0.058 m s-1, Max = 0.030 m s-1 Data Min = -0.055 m s-1, Max = 0.039 m s-1 

 
 

 Full 28-model ensemble Optimal 11-model ensemble Top-ranking model CSIRO-Mk3-6-0 

SSS 

   
 Data Min = -1.23 psu, Max = 0.22 psu Data Min = -0.54 psu, Max = 0.61 psu Data Min = -0.42 psu, Max = 1.14 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model EC-EARTH 

SST 

   
 Data Min = -1.9 K, Max = 0.8 K Data Min = -1.5 K, Max = 2.1 K Data Min = -2.7 K, Max = 0.9 K 

 
 

 Full 30-model ensemble Optimal 10-model ensemble Top-ranking model HadGEM2-AO 

WS 
 

   
 Data Min = -0.65 m s-1, Max = -0.03 m s-1 Data Min = -0.65 m s-1, Max = 0.25 m s-1 Data Min = -0.70 m s-1, Max = 0.31 m s-1 

 
 

 Full 28-model ensemble Optimal 9-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -17.9 W m-2, Max = 3.0 W m-2 Data Min = -11.9 W m-2, Max = -0.2 W m-2 Data Min = -18.2 W m-2, Max = -4.7 W m-2 

 

Figure S3. Spatial distribution of biases for the blooming period between models and 
reanalysis for five forcing factors in the blooming area of the Greenland Sea. 
 
 
 
 



 Labrador Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model CNRM-CM5 

OCS 

   
 Data Min = -0.18 m s-1, Max = 0.02 m s-1 Data Min = -0.17 m s-1, Max = 0.02 m s-1 Data Min = -0.16 m s-1, Max = 0.03 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model CMCC-CMS 

SSS 

   
 Data Min = -0.37 psu, Max = 0.19 psu Data Min = -0.57 psu, Max = 0.32 psu Data Min = -0.69 psu, Max = 0.27 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model CanESM2 

SST 

   
 Data Min = -2.6 K, Max = -0.01 K Data Min = -2.2 K, Max = 0.6 K Data Min = -2.7 K, Max = 1.1 K 

 
 

 Full 30-model ensemble Optimal 10-model ensemble Top-ranking model ACCESS1-0 

WS 
 

   
 Data Min = -0.33 m s-1, Max = 0.78 m s-1 Data Min = -0.85 m s-1, Max = 0.47 m s-1 Data Min = -0.67 m s-1, Max = 0.37 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -52.1 W m-2, Max = -37.0 W m-2 Data Min = -28.9 W m-2, Max = -19.8 W m-2 Data Min = -31.9 W m-2, Max = -22.9 W m-2 

 

Figure S4. Spatial distribution of biases for the blooming period between models and 
reanalysis for five forcing factors in the blooming area of the Labrador Sea. 
 
 
 
 



 North Sea 
 Full 25-model ensemble Optimal 8-model ensemble Top-ranking model ACCESS1-3 

OCS 

   
 Data Min = -0.09 m s-1, Max = 0.1 m s-1 Data Min = -0.09 m s-1, Max = 0.05 m s-1 Data Min = -0.11 m s-1, Max = 0.07 m s-1 

 
 

 Full 28-model ensemble Optimal 11-model ensemble Top-ranking model CNRM-CM5 

SSS 

   
 Data Min = -4.7 psu, Max = 0.2 psu Data Min = -2.5 psu, Max = 0.9 psu Data Min = -1.4 psu, Max = 0.8 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model HadGEM2-AO 

SST 

   
 Data Min = -28.1 K, Max = 0.7 K Data Min = -1.1 K, Max = 2.0 K Data Min = -2.5 K, Max = 2.0 K 

 
 

 Full 30-model ensemble Optimal 9-model ensemble Top-ranking model CMCC-CM 

WS 
 

   
 Data Min = -1.6 m s-1, Max = -0.1 m s-1 Data Min = -1.3 m s-1, Max = 0.2 m s-1 Data Min = -0.4 m s-1, Max = 0.7 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -16.7 W m-2, Max = 3.5 W m-2 Data Min = -0.6 W m-2, Max = 16.8 W m-2 Data Min = -7.0 W m-2, Max = 17.2 W m-2 

 

Figure S5. Spatial distribution of biases for the blooming period between models and 
reanalysis for five forcing factors in the blooming area of the North Sea. 
 
 
 
 



 Norwegian Sea 
 Full 25-model ensemble Optimal 8-model ensemble Top-ranking model CanESM2 

OCS 

   
 Data Min = -0.10 m s-1, Max = 0.04 m s-1 Data Min = -0.098 m s-1, Max = 0.06 m s-1 Data Min = -0.12 m s-1, Max = 0.05 m s-1 

 
 

 Full 28-model ensemble Optimal 9-model ensemble Top-ranking model GISS-E2-R-CC 

SSS 

   
 Data Min = -3.38 psu, Max = 0.18 psu Data Min = -0.58 psu, Max = 0.82 psu Data Min = -0.75 psu, Max = 0.06 psu 

 
 

 Full 28-model ensemble Optimal 10-model ensemble Top-ranking model ACCESS1-0 

SST 

   
 Data Min = -28.2 K, Max = 0.02 K Data Min = -1.1 K, Max = 0.3 K Data Min = -0.5 K, Max = 1.5 K 

 
 

 Full 30-model ensemble Optimal 9-model ensemble Top-ranking model GISS-E2-R-CC 

WS 
 

   
 Data Min = -0.91 m s-1, Max = 0.1 m s-1 Data Min = -0.96 m s-1, Max = 0.33 m s-1 Data Min = -0.89 m s-1, Max = 0.31 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model GISS-E2-H 

SDSR 

   
 Data Min = -16.0 W m-2, Max = -5.0 W m-2 Data Min = -4.1 W m-2, Max = 9.4 W m-2 Data Min = -7.4 W m-2, Max = 19.7 W m-2 

 

Figure S6. Spatial distribution of biases for the blooming period between models and 
reanalysis for five forcing factors in the blooming area of the Norwegian Sea. 
 
 
 



 Barents Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model ACCESS1-3 

OCS 

   
 Data Min = -0.002 m s-1, Max = 0.002 m s-1 Data Min = -0.002 m s-1, Max = 0.002 m s-1 Data Min = -0.002 m s-1, Max = 0.003 m s-1 

 
 

 Full 28-model ensemble Optimal 7-model ensemble Top-ranking model ACCESS1-0 

SSS 

   
 Data Min = -0.05 psu, Max = 0.04 psu Data Min = -0.05 psu, Max = 0.03 psu Data Min = -0.08 psu, Max = 0.03 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model MIROC-ESM 

SST 

   
 Data Min = 0.03 K, Max = 0.07 K Data Min = -0.01 K, Max = 0.06 K Data Min = -0.03 K, Max = 0.02 K 

 
 

 Full 30-model ensemble Optimal 7-model ensemble Top-ranking model MIROC4h 

WS 
 

   
 Data Min = -0.007 m s-1, Max = 0.027 m s-1 Data Min = -0.005 m s-1, Max = 0.03 m s-1 Data Min = -0.023 m s-1, Max = 0.028 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -0.33 W m-2, Max = 0.40 W m-2 Data Min = -0.10 W m-2, Max = 0.46 W m-2 Data Min = -0.62 W m-2, Max = 0.39 W m-2 

 
Figure S7. Spatial distribution of errors in annual trends for the blooming period between 
models and reanalysis for five forcing factors in the blooming area of the Barents Sea. 
 
 
 
 



 Bering Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model IPSL-CM5A-MR 

OCS 

   
 Data Min = -0.0017 m s-1, Max = 0.0012 m s-1 Data Min = -0.0026 m s-1, Max = 0.0012 m s-1 Data Min = -0.0011 m s-1, Max = 0.0009 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model MPI-ESM-LR 

SSS 

   
 Data Min = -0.08 psu, Max = 0.03 psu Data Min = -0.07 psu, Max = 0.07 psu Data Min = -0.07 psu, Max = 0.004 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model IPSL-CM5A-LR 

SST 

   
 Data Min = -0.018 K, Max = 0.039 K Data Min = -0.022 K, Max = 0.050 K Data Min = -0.015 K, Max = 0.064 K 

 
 

 Full 30-model ensemble Optimal 11-model ensemble Top-ranking model MIROC-ESM 

WS 
 

   
 Data Min = -0.005 m s-1, Max = 0.008 m s-1 Data Min = -0.007 m s-1, Max = 0.008 m s-1 Data Min = -0.006 m s-1, Max = 0.013 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -0.27 W m-2, Max = 0.02 W m-2 Data Min = -0.26 W m-2, Max = 0.05 W m-2 Data Min = -0.23 W m-2, Max = 0.08 W m-2 

 

Figure S8. Spatial distribution of errors in annual trends for the blooming period between 
models and reanalysis for five forcing factors in the blooming area of the Bering Sea. 
 
 
 
 



 Greenland Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model MRI-CGCM3 

OCS 

   
 Data Min = -0.002 m s-1, Max = 0.004 m s-1 Data Min = -0.002 m s-1, Max = 0.004 m s-1 Data Min = -0.002 m s-1, Max = 0.003 m s-1 

 
 

 Full 28-model ensemble Optimal 11-model ensemble Top-ranking model CSIRO-Mk3-6-0 

SSS 

   
 Data Min = -0.058 psu, Max = 0.006 psu Data Min = -0.037 psu, Max = 0.022 psu Data Min = -0.032 psu, Max = 0.050 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model EC-EARTH 

SST 

   
 Data Min = -0.09 K, Max = 0.04 K Data Min = -0.06 K, Max = 0.04 K Data Min = -0.11 K, Max = 0.06 K 

 
 

 Full 30-model ensemble Optimal 10-model ensemble Top-ranking model HadGEM2-AO 

WS 
 

   
 Data Min = -0.012 m s-1, Max = 0.008 m s-1 Data Min = -0.014 m s-1, Max = 0.009 m s-1 Data Min = -0.016 m s-1, Max = 0.023 m s-1 

 
 

 Full 28-model ensemble Optimal 9-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -0.69 W m-2, Max = -0.31 W m-2 Data Min = -0.45 W m-2, Max = -0.12 W m-2 Data Min = -0.51 W m-2, Max = 0.13 W m-2 

 

Figure S9. Spatial distribution of errors in annual trends for the blooming period between 
models and reanalysis for five forcing factors in the blooming area of the Greenland Sea. 
 
 
 
 



 Labrador Sea 
 Full 25-model ensemble Optimal 7-model ensemble Top-ranking model CNRM-CM5 

OCS 

   
 Data Min = -0.004 m s-1, Max = 0.003 m s-1 Data Min = -0.004 m s-1, Max = 0.003 m s-1 Data Min = -0.004 m s-1, Max = 0.003 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model CMCC-CMS 

SSS 

   
 Data Min = -0.047 psu, Max = -0.005 psu Data Min = -0.032 psu, Max = 0.0003 psu Data Min = -0.015 psu, Max = 0.036 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model CanESM2 

SST 

   
 Data Min = -0.014 K, Max = 0.086 K Data Min = -0.023 K, Max = 0.074 K Data Min = -0.034 K, Max = 0.070 K 

 
 

 Full 30-model ensemble Optimal 10-model ensemble Top-ranking model ACCESS1-0 

WS 
 

   
 Data Min = -0.006 m s-1, Max = 0.023 m s-1 Data Min = -0.010 m s-1, Max = 0.023 m s-1 Data Min = -0.007 m s-1, Max = 0.029 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -0.58 W m-2, Max = -0.24 W m-2 Data Min = -0.44 W m-2, Max = -0.22 W m-2 Data Min = -0.50 W m-2, Max = -0.25 W m-2 

 

Figure S10. Spatial distribution of errors in annual trends for the blooming period between 
models and reanalysis for five forcing factors in the blooming area of the Labrador Sea. 
 
 
 
 



 North Sea 
 Full 25-model ensemble Optimal 8-model ensemble Top-ranking model ACCESS1-3 

OCS 

   
 Data Min = -0.002 m s-1, Max = 0.005 m s-1 Data Min = -0.002 m s-1, Max = 0.003 m s-1 Data Min = -0.002 m s-1, Max = 0.003 m s-1 

 
 

 Full 28-model ensemble Optimal 11-model ensemble Top-ranking model CNRM-CM5 

SSS 

   
 Data Min = -0.10 psu, Max = 0.05 psu Data Min = -0.06 psu, Max = 0.06 psu Data Min = -0.08 psu, Max = 0.11 psu 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model HadGEM2-AO 

SST 

   
 Data Min = -0.040 K, Max = 0.008 K Data Min = -0.038 K, Max = 0.003 K Data Min = -0.004 K, Max = 0.040 K 

 
 

 Full 30-model ensemble Optimal 9-model ensemble Top-ranking model CMCC-CM 

WS 
 

   
 Data Min = -0.018 m s-1, Max = 0.008 m s-1 Data Min = -0.021 m s-1, Max = 0.006 m s-1 Data Min = -0.029 m s-1, Max = 0.016 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model INMCM4 

SDSR 

   
 Data Min = -0.05 W m-2, Max = 0.62 W m-2 Data Min = -0.10 W m-2, Max = 0.48 W m-2 Data Min = -0.75 W m-2, Max = 0.10 W m-2 

 

Figure S11. Spatial distribution of errors in annual trends for the blooming period between 
models and reanalysis for five forcing factors in the blooming area of the North Sea. 
 
 
 
 



 Norwegian Sea 
 Full 25-model ensemble Optimal 8-model ensemble Top-ranking model CanESM2 

OCS 

   
 Data Min = -0.002 m s-1, Max = 0.004 m s-1 Data Min = -0.002 m s-1, Max = 0.003 m s-1 Data Min = -0.003 m s-1, Max = 0.003 m s-1 

 
 

 Full 28-model ensemble Optimal 9-model ensemble Top-ranking model GISS-E2-R-CC 

SSS 

   
 Data Min = -0.01 psu, Max = 0.04 psu Data Min = -0.01 psu, Max = 0.02 psu Data Min = -0.02 psu, Max = 0.03 psu 

 
 

 Full 28-model ensemble Optimal 10-model ensemble Top-ranking model ACCESS1-0 

SST 

   
 Data Min = -0.02 K, Max = 0.01 K Data Min = -0.02 K, Max = 0.003 K Data Min = -0.05 K, Max = -0.01 K 

 
 

 Full 30-model ensemble Optimal 9-model ensemble Top-ranking model GISS-E2-R-CC 

WS 
 

   
 Data Min = -0.009 m s-1, Max = 0.017 m s-1 Data Min = -0.013 m s-1, Max = 0.013 m s-1 Data Min = -0.014 m s-1, Max = 0.005 m s-1 

 
 

 Full 28-model ensemble Optimal 8-model ensemble Top-ranking model GISS-E2-H 

SDSR 

   
 Data Min = -0.3 W m-2, Max = -0.1 W m-2 Data Min = -0.2 W m-2, Max = -0.1 W m-2 Data Min = -0.4 W m-2, Max = 0.05 W m-2 

 

Figure S12. Spatial distribution of errors in annual trends for the blooming period between 
models and reanalysis for five forcing factors in the blooming area of the North Sea. 
 
 
 
 


