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Introduction

This supporting information provides additional analysis and details that are not crucial for the global
understanding. This information will, however, help the reader throughout the manuscript by giving more

contextualization.
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Figure S1. ‘True color’ Landsat 8 Snapshots of the study site area in 2015. The study site is located in
the red circle. Melt ponds are detectable by their clear blue color; dark areas indicate open waters and make
cracks in the ice visible. Darker sea ice such as on 21 July provides evidence that melt ponds have been
flushed from the top of the sea ice.

Figure S2. ‘True color’ Sentinel-2 Snapshots of the study site area in 2016. The study site is located in
the red circle. Melt ponds are detectable by their clear blue color; dark areas indicate open waters and make
cracks in the ice visible. Darker sea ice such as on 19 July provides evidence that melt ponds have been
flushed from the top of the sea ice.

Figure S3. Time series of ANP “Arctic N-P relationship” based on nutrient sampling. A high (low)
ANP in blue (red) indicates a major Pacific (Atlantic) Water, PW (AW), contribution for year 2015 (top)
and 2016 (bottom). Dates are day/month.

Figure S4. Winter (late April) ‘baseline’ of the vertical hydrographic structure. Profiles from 2015
(upper) and 2016 (lower) of conservative temperature (°C, left), absolute salinity (g kg™, middle) and
potential density anomaly (kg m 3, right). TCW = thermocline waters; MLD = winter mixed layer depth
based on a Ac = 0.1 kg m® criterion from Peralta-Ferriz and Woodgate (2015); WCHW = Winter Cold
Halocline Water following definition from Rudels et al. (1996).

Figure S5. Two-year time series of air temperature, wind speed, sea ice concentration, and daily total
precipitation. Shown are 7-day running averages of (A) air temperature (°C) (Qikigtarjuaq airport) (B)
wind speed (km h™") (Qikigtarjuaq airport) (C) sea ice concentration (%) from AMSR-2 and (D) daily total
precipitation in liquid water equivalent (mm) (Qikiqgtarjuaq airport). Knowing that snow density ranges
between 0.1 and 0.8 kg m=, the snow thickness could be estimated by multiplying the total liquid
precipitation by a factor varying between 1.25 to 10. Red dashed vertical line indicates 2 strong wind
events considered as storms.

Figure S6. Winter air temperature anomalies. February air temperature anomalies at 2 m in 2015 and
2016 over the 1980-2016 mean. The red star indicates the study site. Source:
http://nsidc.org/soac/temperature.html#merra-temperature.

Figure S7. SAR images from Sentinel-1 of the southwestern Baffin Bay area. Area selected is close to
the study site (red star). The evolution of the sea ice structure deformation was investigated using a single
C-band (3.8-7.5 cm, 4-8 GHz) Synthetic Aperture Radar (SAR) from the Sentinel-1 satellite constellation
(Dierking, 2013). The acquisition mode used was the Extra Wide mode Ground Range Detected Medium
resolution (EW GRDM) which provided a definition of 40 x 40 m. The backscatter of the electromagnetic
wave transmitted at horizontal polarization was received and decomposed into horizontal (HH) and vertical
(HV) polarization components. Only the “less noisy” HH component was used in the present Study
(Dierking, 2010). These images allow us to detect changes in ice surface roughness and to characterize
different sea ice types (e.g., landfast ice, drifting ice), and open ocean areas like cracks and leads. Dark
grey areas, such as the ones observed near the study site, suggest smooth landfast sea ice that is not
affected by rafting or ridges (bright grey). Two particular events were detected: (1) almost all sea ice was
lost by mid-November 2014 compared with 2015; and (2) the sea ice broke up on 11 December 2014, and
drift ice and open water areas appeared. A week later, almost no open water remained detectable and the
sea ice was consolidated.
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Figure S8. Time series of transmittance, snow thickness and ice algal concentration. For 2015 (top)
and 2016 (bottom) time series transmittance (%) was derived from daily PAR converted to W m2, and is
shown together with snow thickness (m) and ice algal concentration in the bottom 0-3 cm (TChlag_sem, Mg
m?) of sea ice. Dates are day/month.

Figure S9. Hydrographic temporal evolution of the entire water column. Time series of (A) in situ
current velocities at 10-m depth in black and predicted from harmonic analysis in red line, (B) conservative
temperature ® (°C) and (C) absolute salinity S (g kg ) fields with super-imposed isopycnals of potential
anomaly density (kg m®) in white lines. (D) Brunt-Vaisala frequency N (s ) and (E) Turner angle (°) until
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whereas angles < 0° indicate that salinity is the main contributor. Angles < —45° indicate that salinity is
working against temperature. Vertical dotted lines chronologically represent snow melt initiation, melt
pond initiation and sea ice breakup. The red dashed line indicates the date when turbulence was measured
over a 13-h period. Dates are month/day.

Figure S10. Characterization of the dominant tidal waves. Harmonic analysis of the current at 10 m for
(A) 2015 and (B) 2016. Vertical lines indicate the main harmonic oceanic tidal waves associated with
unique frequencies and amplitudes. Here, the M2 wave (period = 12h25min) dominates the tidal signal.

Figure S11. Depth evolution of tidal currents magnitude and direction. Tidal variance ellipses for both
years (2015 and 2016) at different depths from 10 to 38 m every 2 m. The velocity constituent U (V)
indicates the eastward (northward) direction.

Figure S12. Temporal evolution of nutrients in seawater. Time series of phosphate and silicate
concentrations in the water column for 2015 (left) and 2016 (right). Dates are day/month.

Figure S13. Estimation of the depth integrated biomass bias from HPLC. Depth integration (A)
Example of a TChla profile from HPLC pigment data (left) and a Chla profile from a fluorometer (right)
on 27 May 2015. The horizontal dashed black line marks the depth of the deepest TChla measurement
while the dashed grey line marks the depth where only 1% of the maximum value of the Chla profile
remains. (B) Underestimate of biomass stock when the Chla is integrated down to the depth of the deepest
TChla measurement rather than the depth of 1% Chla, for 2015 (top) and 2016 (bottom). Horizontal
dashed red lines mark the average underestimate. Dates in (B) are month/day.

Figure S14. Modelled synoptic circulation in Baffin Bay. Monthly maps of synoptic current velocity
difference. (A) current velocities in 2015 (B) and in 2016 (C) from reanalysis at 50 m (GLORYS12V,
CMEMS http://marine.copernicus.eu, id = GLOBAL_REANALYSIS PHY_001_030). Maps of current
velocity difference are smoothed with a 72-km standard deviation Gaussian filter to remove mesoscale
activity. These maps are illustrating large-scale circulation differences between 2016 and 2015. The
outflowing Baffin Island current (BIC) seemed to be more intense in 2016 carrying more Arctic Waters
from Nares and Lancaster straits.

Figure S15. Closest distance between the study site and the sea ice edge. Sea ice edge was defined as
sea ice concentration = 15%. Dates are month/day.

Figure S16. Bulk salinity against in situ temperature across all sections of all ice cores. The black lines
are lines of constant brine volume (given as the percentage of the total volume that brines occupy). Year
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2016 had remarkably higher temperatures, but the lower brine volumes observed at the bottom of the ice
were due instead to differences in bulk salinity.

Figure S17. Phytoplankton accumulation rate. Accumulation rate (d™*) was derived following the Boss
and Behrenfeld (2010) calculation. The phytoplankton bloom initiation (vertical red dashed line) is
identified when the accumulation rates are positive for one week. The snow melt onset is in black vertical
dashed lines.
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«Tru Color» Landsat 8

Figure S1. ‘True color’ Landsat 8 Snapshots of the study site area in 2015. The study site is located in
the red circle. Melt ponds are detectable by their clear blue color; dark areas indicate open waters and make
cracks in the ice visible. Darker sea ice such as on 21 July provides evidence that melt ponds have been
flushed from the top of the sea ice.



«True Color» Sentinel 2
Figure S2. ‘True color’ Sentinel-2 Snapshots of the study site area in 2016. The study site is located in
the red circle. Melt ponds are detectable by their clear blue color; dark areas indicate open waters and make
cracks in the ice visible. Darker sea ice such as on 19 July provides evidence that melt ponds have been
flushed from the top of the sea ice.
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Figure S3. Time series of ANP “Arctic N-P relationship” based on nutrient sampling. A high (low)
ANP in blue (red) indicates a major Pacific (Atlantic) Water, PW (AW), contribution for year 2015 (top)
and 2016 (bottom). Dates are day/month.
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Figure S4. Winter (late April) ‘baseline’ of the vertical hydrographic structure. Profiles from 2015
(upper) and 2016 (lower) of conservative temperature (°C, left), absolute salinity (g kg™, middle) and
potential density anomaly (kg m2, right). TCW = thermocline waters; MLD = winter mixed layer depth
based on a Ac = 0.1 kg m® criterion from Peralta-Ferriz and Woodgate (2015); WCHW = Winter Cold
Halocline Water following definition from Rudels et al. (1996).
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Figure S5. Two-year time series of air temperature, wind speed, sea ice concentration, and daily total
precipitation. Shown are 7-day running averages of (A) air temperature (°C) (Qikigtarjuaq airport) (B)
wind speed (km h™") (Qikigtarjuaq airport) (C) sea ice concentration (%) from AMSR-2 and (D) daily total
precipitation in liquid water equivalent (mm) (Qikigtarjuaq airport). Knowing that snow density ranges
between 0.1 and 0.8 kg m™, the snow thickness could be estimated by multiplying the total liquid
precipitation by a factor varying between 1.25 to 10. Red dashed vertical line indicates 2 strong wind
events considered as storms.
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Figure S6. Winter air temperafure anomalies. February air temperature anomalies at 2 m in 2015 and
2016 over the 1980-2016 mean. The red star indicates the study site. Source:
http://nsidc.org/soac/temperature.html#merra-temperature.
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Figure S7. SAR images from Sentinel-1 of the southwestern Baffin Bay area. Area selected is close to
the study site (red star). The evolution of the sea ice structure deformation was investigated using a single
C-band (3.8-7.5 cm, 4-8 GHz) Synthetic Aperture Radar (SAR) from the Sentinel-1 satellite constellation
(Dierking, 2013). The acquisition mode used was the Extra Wide mode Ground Range Detected Medium
resolution (EW GRDM) which provided a definition of 40 x 40 m. The backscatter of the electromagnetic
wave transmitted at horizontal polarization was received and decomposed into horizontal (HH) and vertical
(HV) polarization components. Only the “less noisy” HH component was used in the present Study
(Dierking, 2010). These images allow us to detect changes in ice surface roughness and to characterize
different sea ice types (e.g., landfast ice, drifting ice), and open ocean areas like cracks and leads. Dark
grey areas, such as the ones observed near the study site, suggest smooth landfast sea ice that is not
affected by rafting or ridges (bright grey). Two particular events were detected: (1) almost all sea ice was
lost by mid-November 2014 compared with 2015; and (2) the sea ice broke up on 11 December 2014, and
drift ice and open water areas appeared. A week later, almost no open water remained detectable and the
sea ice was consolidated.
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Figure S8. Time series of transmittance, snow thickness and ice algal concentration. For 2015 (top)
and 2016 (bottom) time series transmittance (%) was derived from daily PAR converted to W m, and is
shown together with snow thickness (m) and ice algal concentration in the bottom 0-3 cm (TChlag 3¢m, Mg
m?) of sea ice. Dates are day/month.



2015 2016
- 05 — -+ -+ - - T e —— 2 Fe— g -+ v —~ - - e Tow T r —
“ A : : —— measired : : :
£ 04 : . tiind pendction - l H
= H H roskua H H
o 03 H H =T . H
ot H H H -
0 - - -
2 H b s
= M
b ]
a3
"
.
H
H
H
_ H
: o~
£ g L
- : z.
& L -
(=1 . o
& : -
H
H
H
H
H
.
.
.
.
. —
— 4 1
: : o
E i BB i : o
£ aars : a0l H ;
2 -200 4 = : »
o : H ™
. H
H H
H .
: H
a H
- .
H .
H H
- : o
_ : C
£ ¢ “
c .
£ : =z
$ . x
Q H o
s =
e
H
"
H
H
H
.
— .
€ . s~
£ . L
- .
2 . =
& : -
H
H
.
.
H
i

T ) 0 N e S \) o il il W a\nk o o \2 ) o N 2 b W A
¢ B 3N R (A £ A 1\ of AP N PR LA S . . e\ Al A A AN A
M o Vg o o & o= =" gl ¢ N o o o7 @ @ F o o ot Gt oY

Figure S9. Hydrographic temporal evolution of the entire water column. Time series of (A) in situ
current velocities at 10-m depth in black and predicted from harmonic analysis in red line, (B) conservative
temperature ® (°C) and (C) absolute salinity Sa (g kg™) fields with super-imposed isopycnals of potential
anomaly density (kg m~) in white lines. (D) Brunt-Vaiséla frequency N? (s ) and (E) Turner angle (°) until
340 m. Turner angles > 0° indicates that temperature is the main contributor to the density gradient
whereas angles < 0° indicate that salinity is the main contributor. Angles < —45° indicate that salinity is
working against temperature. Vertical dotted lines chronologically represent snow melt initiation, melt
pond initiation and sea ice breakup. The red dashed line indicates the date when turbulence was measured
over a 13-h period. Dates are month/day.
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Figure S10. Characterization of the dominant tidal waves. Harmonic analysis of the current at 10 m for
(A) 2015 and (B) 2016. Vertical lines indicate the main harmonic oceanic tidal waves associated with
unique frequencies and amplitudes. Here, the M2 wave (period = 12 h 25 min) dominates the tidal signal.
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Figure S11. Depth evolution of tidal currents magnitude and direction. Tidal variance ellipses for both
years (2015, left; 2016, right) at different depths from 10 to 38 m every 2 m. The velocity constituent U (V)
indicates the eastward (northward) direction.



[PO4] (M)

[SIOH4] (M)

i 1
004 08NS 165 2405 0108 0506 1708 2508 0307 107

321)()4 CB;():; 1605 2405 0108 0208 1708 25056 0307 1007
Figure S12. Temporal evolution of nutrients in seawater. Time series of phosphate and silicate

concentrations in the water column for 2015 (left) and 2016 (right). Dates are day/month.
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Figure S13. Estimation of the depth-integrated biomass bias from HPLC. (A) Example of a TChla
profile from HPLC pigment data (left) and a Chla profile from a fluorometer (right) on 27 May 2015. The
horizontal dashed black line marks the depth of the deepest TChla measurement, while the dashed grey line
marks the depth where only 1% of the maximum value of the Chla profile remains. (B) Underestimate of
biomass stock when the Chla is integrated down to the depth of the deepest TChla measurement rather than
the depth of 1% Chla, for 2015 (top) and 2016 (bottom). Horizontal dashed red lines mark the average
underestimate. Dates in (B) are month/day.
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Figure S14. Modelled synoptic circulation in Baffin Bay. Monthly maps, May—July, of synoptic current
velocity difference (top) and current velocities in 2015 (middle) and in 2016 (bottom) from reanalysis at 50
m (GLORYS12V, CMEMS http://marine.copernicus.eu, id = GLOBAL_REANALYSIS_PHY_001_030).

Maps of current velocity difference are smoothed with a 72-km standard deviation Gaussian filter to
remove mesoscale activity. These maps are illustrating large-scale circulation differences between 2016
and 2015. The outflowing Baffin Island current (BIC) seemed to be more intense in 2016 carrying more
Arctic Waters from Nares and Lancaster straits.
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Figure S15. Closest distance between the study site and the sea ice edge. Sea ice edge was defined as
sea ice concentration = 15%. Dates are month/day.
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Figure S16. Bulk salinity against in situ temperature across all sections of all ice cores. The black lines
are lines of constant brine volume (given as the percentage of the total volume that brines occupy). Year
2016 had remarkably higher temperatures, but the lower brine volumes observed at the bottom of the ice
were due instead to differences in bulk salinity.
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Figure S17. Phytoplankton accumulation rate. Accumulation rate (d) was derived following the Boss
and Behrenfeld (2010) calculation. The phytoplankton bloom initiation (vertical red dashed line) is
identified when the accumulation rates are positive for one week. The snow melt onset is in black vertical
dashed lines.
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