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Text S1.  

Mooring Instrumentation  

The SUMO carries two Air-Sea Interaction Meteorological (ASIMET) instruments 

bulk meteorological packages (referred to as 11 and 12). Observations were telemetered 

in real-time via satellite and withheld from atmospheric reanalyses. The packages were 

developed at Woods Hole Oceanographic Institution (Hosom et al., 1995) and are now 

produced by Star Engineering (https://www.starengineeringinc.com). ASIMET uses a 

Kipp and Zonen CMP21 shortwave radiometer, an Eppley Precision Infrared Radiometer 

(PIR) for incoming longwave radiation, a Rotronic MP-101A air temperature and 

humidity sensor inside a Teflon filter within a Gill multiplate radiation shield, a Heise 

DXD digital barometer, a Gill sonic anemometer (Windobserver II), and a Seabird 
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SBE37 for sea temperature.  Sampling of each sensor is done within each minute, and 

one-minute averages are produced by the ASIMET package.  Sensors are mounted on a 5 

m mast on SUMO, with the radiometer placed to avoid shadowing and the anemometers 

the highest sensors on the forward (upwind) face; a large vane lower on the tower serves 

to orient the SUMO with respect to the wind.  

Bulk formula estimates of the sensible and latent heat flux were derived from the 

meteorological and ocean surface variables using the COARE3.0 algorithm (Edson et al., 

2013). Net longwave radiation was computed as Ts
4 minus  times the observed 

incoming longwave, where  is the emissivity taken to be 0.97,  is the Stefan-Boltzmann 

constant at 5.67 x 10-8 W m-2 K-4, and Ts is the sea surface temperature (including the 

cool skin and warm-layer corrections of Fairall et al., (1996) to account for the 

measurement depth of the sensor, which was about 1 m deep); a fixed albedo of 0.055 

was used to calculate net shortwave radiation following the approach adopted for 

previous mooring deployments.  

Colbo and Weller (2009) examined the performance of the ASIMET system in the 

subtropics, and Bigorre et al. (2013) present a discussion of the performance of the 

system through a 14-month deployment in the Gulf Stream in the mid-Atlantic bight.  In 

these cases, accuracy of the net heat flux is close to 10 W m-2 in daily and longer 

averages. For SUMO, monthly mean and route mean square differences between 

corresponding instruments on Packages 11 and 12 (Table S1) show that the level of 

uncertainty between the sensor pairs is relatively low, less than 1 Wm-2 for the radiative, 

2-4 Wm-2 for the turbulent and 6 Wm-2 for the net heat flux mean difference (values for 

the RMS differences are about twice as high). We have presented results from Package 
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12 throughout the main text as the observations from Package 11 became unreliable for a 

short period (final few weeks) at the end of the first deployment. 

The initial SUMO deployment at the Irminger Sea site was the first time that buoy 

design had been employed. To assess the performance, comparisons were done between 

shipboard meteorological observations from the deployment vessel, RV Knorr, and the 

corresponding SUMO measurements. Adjusting for height differences, the comparisons 

were favorable with one exception. The two SUMO anemometers returned wind speeds 

that were lower than the height adjusted shipboard winds.  Study of the location of the 

anemometers indicated that they were upwind but too close to the domes of two antennae 

used for satellite data transmission leading to an underestimate of the wind speed. For all 

further OOI SUMO deployments, including the remaining deployments at the Irminger 

Sea site, the anemometers were moved higher. Intercomparisons between the shipboard 

and anemometer wind speeds verified that the repositioning of the wind sensors 

succeeded in correcting the problem.  Selecting the periods of shipboard data when the 

RVKnorr was operating close to SUMO during the first deployment cruise, a linear 

correction factor (1.40) was developed by matching the SUMO wind speeds to those of 

the ship, this correction has been applied to the anemometer data from the first 

deployment. The corrected winds have been compared with independent satellite based 

wind speed data from the Remote Sensing Systems v7 microwave radiometer monthly 1o 

x 1o product (http://www.remss.com/measurements/wind/wspd-1-deg-product/). For 

example, in Dec 2014, the corrected mooring mean wind speed value is 14.7 ms-1 which 

is in good agreement with the RSSv7 values for the two grid cells adjacent to the mooring 

site (13.8 and 15.8 ms-1, mean of 14.8 ms-1) demonstrating the validity of the correction.  
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Figure S1 a-e.) OOI hourly time series of wind speed / direction and air-sea heat flux for 

January 2015: a.) 10 m wind speed, b.) wind direction towards, measured clockwise from 

N e.g. 0-90o indicates winds directed towards the NE quadrant i.e. coming from the SW 

quadrant, c.) net longwave and net shortwave, d.) latent and sensible heat flux, e.) net 

heat flux.  
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Figure S2 Composite ERA5 fields formed by averaging over the individual Dec, Jan, 

Feb months with NAO > 1 in the period Dec 2000-Feb 2018 and a.) NAO > EAP , b.) 

NAO<EAP (contours, 1 mb intervals, zero and positive solid, negative values dashed). In 

case a.) the classic NAO Azores High-Iceland Low dipole which favours tip jet formation 

is seen. However, when the NAO > 1 but weaker than the EAP, the SLP pattern is closer 

to the typical EAP+ state (Fig.4b) but with enhanced flow from the north-east (north-

west) directed along the eastern (western) coast of Greenland. Location of SUMO 

indicated by the white circle. 
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Variable Mean Bias (Sensor 11-12) RMS 

2m Air Temperature (oC) -0.01 0.08 

Sea Surface Temperature (oC) 0.00 0.01 

2m Specific Humidity (gkg-1) 0.00 0.10 

Sea Level Pressure (mb) -0.35 1.84 

Sensible Heat Flux (Wm-2) 2.02 4.40 

Latent Heat Flux (Wm-2) 3.51 8.35 

Net Longwave Flux (Wm-2) -0.16 0.92 

Net Shortwave Flux (Wm-2) 0.57 1.02 

Net Heat Flux (Wm-2) 5.95 11.70 

10 m Wind Speed (m s-1) -0.38 0.63 

Eastwards Wind Speed (m s-1) -0.21 0.73 

Northwards Wind Speed (m s-1) -0.52 0.73 

 

Table S1. Mean bias and root mean square difference between monthly mean values of 

the surface meteorological and flux variables as measured by sensor package 11 and 12 

over the four SUMO deployments.  
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Dec 2014 

 

Dec 2015 

 

Dec 2016 

1 Dec 2014 - 

15 Feb 2015 

Latent -120 -72 -87 -128 

Sensible -72 -50 -58 -90 

Longwave -60 -53 -61 -59 

Shortwave 11 8 2 15 

Net -241 -167 -205 -263 

 

Table S2. December and winter (Dec 1 - 15 Feb) mean component and net heat fluxes 

determined from the OOI Irminger Sea mooring observations. Units Wm-2. 
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NAO Composite 

Months 

NAO Index Value EAP Composite 

Months 

EAP Index Value 

Feb 2000 1.48 Dec 2000 1.63 

Jan 2005 1.26 Jan 2001 1.53 

Dec 2006 1.15 Jan 2002 1.68 

Dec 2011 2.25 Feb 2002 1.43 

Dec 2014 1.63 Jan 2007 1.51 

Jan 2015 1.57 Feb 2007 1.68 

Dec 2015 1.99 Jan 2014 1.37 

Feb 2016 1.35 Feb 2014 2.23 

Jan 2018 1.17 Dec 2015 3.14 

Feb 2018 1.34 Feb 2016 1.85 

 

Table S3. The individual Dec, Jan, and Feb months with the 10 most positive NAO or 

EAP index values in the period Dec 2000-Feb 2018 used to form the composites shown 

in Fig.4. 


