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Summary Sub-monthly non-tidal ocean bottom pressure (OBP) variations in the Arctic Ocean are coherent throughout the basin, signi!cant during the winter, and vary in strength and frequency year to year. 
Modeling results reveal that the OBP variation is forced and controlled by episodic wind events in the Nordic Seas. The sub-monthly net mass transport into the Arctic Ocean is large relative to the mean annual transport. 

Atmospheric forcing Basin-averaged OBP is highly correlated with the SLP gradient 
and southwesterly winds in the Nordic Seas (Fig. 5a). These atmospheric patterns are consistent with a wind-
driven slope current that increases the mass in the Arctic Ocean (Fig. 6). Similarly to the basin-averaged OBP, 
the Scandinavian-Greenland SLP gradient exhibits intensi!ed sub-monthly winter variations (Fig. 7), likely due 
to episodic occurrence of blocking events (Fig. 5b).      

Introduction Mass "uxes in and out of the Arctic Ocean are fundamental to the distribution of 
the ocean’s heat and freshwater. These variables are linked to regional and global climate. Ocean mass "uxes 
are usually studied at seasonal to longer time-scales. This work highlights the relevance of sub-monthly non-
tidal Arctic ocean mass variations observed with ocean bottom pressure sensors.     

Ice‐ocean model The Pan-Arctic Ice-Ocean Modeling Assimilation System (PIOMAS)[3] is a 
regional baroclinic model (30 vertical levels, max. spatial resolution = 20 km), forced with NCEP/NCAR winds 

and sea level pressure (SLP). PIOMAS does not include tides and assumes a perfect inverted 

Ocean circulation  Composite maps of NCEP SLP, modeled sea surface height (SSH) and 
depth-integrated velocity (Fig. 8), reveal the ocean circulation patterns associated with the 20-day mode. The 
largest mass in"ow to the Arctic is through Fram Strait (~1.5 Sv). Minimum mass exchange occurs at peak of 
maximum and mininum OBP, and large scale opposing vortices prevail in the Eurasian and Nordic Seas. 
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Figure 1. ABPR deployment at 
the North Pole in April 2010. 

Figure 3. De-tided, high-pass !ltered (cuto" period = 90 days) OBP anomalies from di"erent records 
for matching period. Locations color coded on the map. Yellow lines highlight coherence among OBP 

records. Gray line is the 500-m deep contour.   

Figure 2. ABPRs OBP record, 
hourly (top) and daily (bottom). 
Power spectra of daily untiltered 
record (right). Spectral peak 
varies year to year, suggesting a 
non-stationary OBP signal.

Figure 5. (a) NCEP/NCAR SLP and winds (925 mbar) regressed on basin-averaged 
modeled OBP (Fig. 4). Gray line is the 95% con!dence level for the correlation SLP 
to basin OBP. White H and L show the grid-points of SLP gradient. (b) Leading 
empirical orthogonal function of 6-30 day band-pass !ltered 500-hPa height vari-
ability over the Atlantic sector,  attributed to ocurrance of blocking events[5].

(a) (b) Rennert and Wallace, 2009

Figure 6. Ocean response to atmospheric 
forcing though a wind-driven slope current.

Figure 7. (Top) Grid-point time series of SLP gradient (H-L in 
Fig. 5a). (Middle) Wavelet power of un!ltered SLP gradient. 
Black lines are 95% Conf. level. White line highlights 20-day 
period. (Bottom) Common power between the SLP gradient 
and basin OBP. East-pointing arrows show common power in 
phase. 

Figure 4. High-pass !ltered (cuto" = 90 days) basin-averaged OBP from PIOMAS 
(top). Normalized wavelet power of un!ltered basin-averaged OBP (bottom). Black 
lines are 95% con!dence level. Morlet wavelet is used, and the analysis follows [4]. 

Area of the modeled 
basin-average. 

Large-scale mass variations were previously identi!ed[2] using 
modeling results and supported by tide-gauges, mostly in the 
shallow Russian and Scandinavian continental shelves (black 
dots in map show their approximate location). Sub-monthly 
variations were ignored. #e pressure record compilation pre-
sented here suggests the near 20-day oscillation is a basin-wide 
mode of OBP variability, coherent in both shallow and deep 
regions, Western and Central Arctic, at zero lag.      

Daily high-pass !ltered basin OBP from PIOMAS 
exhibits strong winter variations (Fig. 4). Wavelet 
analysis reveals that OBP energy is relevant at sub-
monthly time-scales and varies in strength and  
frequency year to year.   

Winter-only 
RMS = 3.3 cm

20-day 
period

barometer e#ect. Daily OBP from PIOMAS is well correlated with OBP observations at 
each location (0.58>R<0.89, 95% conf. level).  

Deep-sea bottom pressure sensors and tide-gauges (corrected for inverted barometer e#ect) in the Arctic 
Basin are used. These are well correlated and in phase throughout the basin (Fig. 3).
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Figure 8. Progression of ocean and atmospheric circulation anomalies relative to the maximum basin-
averaged OBP. Color contours are SSH anomaly (cm) and vectors are depth-integrated velocity anomaly. 
Inside maps show the SLP anomaly (mbar) at each OBP stage. Composites are relative to the dates (n=42) 
of maximum OBP when it is higher than 1.5 standar deviations. Faint arrows highlight the circulation 
patterns. 

Conclusion 
Sub-monthly non-tidal Arctic OBP variations are 
basin-coherent.
Basin-coherent mode is associated with winter 
episodic events of winds over the Nordic Seas.
Ocean response is consistent with a wind-driven 
slope current. 
Flow into the Arctic is blocked when the basin has 
reached its maximum averaged OBP. Blocking or 
reversal of the "ow appears to be controlled by 
the winds.
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High SLP sets up in 
Greenland.  

Observations 
Two Arctic bottom pressure recorders (ABPR, Fig. 1) were deployed at the North Pole, in conjunction with the 
North Pole Environmental Observatory. Detided OBP anomalies from averaged ABPRs (Fig. 2) show a spectral 
peak near 1 cycle per 20 days. High-pass !ltered (90-day cuto# ) OBP record reveals winter ampli!cation.
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