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Given infinite 
time and infinite 

resources…



We need multiple scales for imperfect models: 

Fine resolution, simultaneous multi-sphere 
observations are needed to understand the full 

system and variability
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Nilssen et al (2015) based on Haury et al (1978)

What we have:



• Moorings and ship-based 
underway measurements both 
provide climate-quality 
measurements

• Over the last 15 years, air-sea 
CO2 flux uncertainty has been 
reduced by 50%

• New fixed time series resolve 
sub-seasonal variability and 
processes

winter/spring	2014-
15	warm	anomaly

Source:	Sutton	et	al.	in	review

Source:	Kevin	O’Brien

The observing network works:



Nilssen et al (2015) based on Haury et al (1978)

What we have:

Resolving Issues of Scaling



BUILD EXPLORE CONNECT



Saildrone Advantage:
Fast – Big – Durable 



2 boats w 97 days
7600 km w 46 kt winds

Up to 7 kt speed

Speed and Endurance





Adapting Carbon Sensors
Autonomous Surface 
Vehicle CO2 (ASVCO2) 
system

xCO2 (dry, µmol mol-1)Photos courtesy of: 
Saildrone, Inc. and 
Noah Lawrence-
Slavas



Saildrone ASVCO2 vs. R/V 
Shimada General Oceanics
underway pCO2 system

Field test on coastal CA 
shelf in highly variable 
seawater pCO2 conditions

Preliminary results from lab 
and field testing suggest 
ASVCO2 measurement 
errors are comparable to 
MAPCO2 systems deployed 
on buoys (< 2 µatm)

Saildrone ASVCO2 Field Test



Saildrone
deployments 

create new 
mission 

capabilities for 
NOAA. 

BUILD     CONNECT     EXPLORE
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EXPORTS Goal: To 
predict the export 
and fate of ocean 
Net Primary 
Production (NPP) 
from satellite and 
other observations.

• Saildrone + ADCP 
+ ASVCO2: How 
does vertical 
velocity impact 
NPP? 
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EXPORTS	Science	Definition	Team	
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sw pCO2
(µatm)
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Future Projects:
• Export Fluxes
• Ocean Acidification 
• Subsurface! 

BUILD     CONNECT     EXPLORE

Collister et al- LiDAR for particles
Mawji et al- Microfluidic carbonate
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