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Stretching the scales of Ocean Observing:
Biogeochemistry from the Saildrone ASV
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We need multiple scales for imperfect models:

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

BGCresponse +growth Submesoscale Winds —
term ocean high frequency

BIOGEOCHEM ATMOSPHERE



What we have:

100 years

10years

1 year

1 month

1 week

1 day

1 hour

1 min

1sec

Nilssen et al (2015) based on Haury et al (1978)
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Fixed
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UAVs
AUVs
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CO, flux (g C m2yr?)

The observing network works:

winter/spring 2014-

15 warm agomaly

Oct-04 Oct-06 Oct-08 Oct-10 Oct-12 Oct-14
Source: Sutton et al. in review

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

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

New fixed time series resolve
sub-seasonal variability and
processes




Resolving Issues of Scaling

100 years

What we have:

10years

B - Satellites
Fixed

platforms
1year [~ ’

Gliders

1 month Ships

1 week |-

1 day

1 hour |-
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Nilssen et al (2015) based on Haury et al (1978)
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Saildrone Advantage:
Fast - Big - Durable
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Speed and Endurance .5y

2 boats ¢ 97 days ==

7600 km ¢ 46 kt winds =3
Up to 7 kt speed




SAILDRONE GEN 4 SPECIFICATIONS AND SENSOR SUITE

Atmospheric Measurements

/ \ |
| WindSpeed
G / Anemometer @ +4_5n |
# \ Gill Windmanter 1D ultraonic 204

0 Sunshine Pyranometer @ +2.2m

Delza-T Devices SPN1Y

= s K& Pyranometer @ +2.2m |
Eppley PSP & PIR

Alr Temperature —

\ ) __0 Meteorological Probe @ +2.2m

Rotromic HC2 - 53 with rad shield

|' Humidity =

‘,_e Digital Barometer @ +0.2m !

| AirPressure Vatata BASOCAP PTE210

Oceanic Surface Measurements —— |

Dual GFS & WU ‘
Vectormar / KVH

CO; System @ +0.3m

PO ) 0 PMEL ASVCO)
b Nagnetometer @ Om ‘
Magnetic Pietd '_'o Barrington WAG 643 |

S5T IR Pyvometer @ +1.2m
Herrenics KT15 1

The Drone That Will Sail Itself Around the World

whiR DN §

SNAILORON=

WAL OMONE

Length: 23 it

Helght: 151t

Depth: 7 1t

Weight: 1200 s, loaded

Speed: Transk - J Kt Max - 3 Kt
Payload Pewer: 30w Steady vate
Payload Capacity: 250 Its

Max deployed duration; 12 monthn
Longest voyage: 10,000 mikes
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——Qceanic Sub-Surface Measurements —

l Ocean Currents 1—0

| o

1 CDOM Concentration }'

[ med Backscatter

[ Dissoived Oxypen }—Q
[ x|

I Water Temperature '-‘ m
]’ Salinity \}'

(_romsoms _}-
e

l Bathymetry

ADCP @ -0,2m
Teledyne RDE Warkhorse 100 bHz

Fluorometer ® -0.2m
Son-bied Scientific WET labs
Eco Triplet

Quygen Optode @ -0.5m
Aardersa @3

CO; Symtem @ -0.5m

PMEL ASVCD,

Sea-Bird Scwmific SEE Prawler
Honeywell Durafet

Ther wh @ -0.5m
Telegyne D4 Citaded TS-NY

Pasive Acoustic Recorder
Greenridge Scences Inc.
Acounonde

WHAT @ -2.9m

SWRAD EX B0

Nulti-beam Sonar @ -2 5n
Norit TWBMS

The Most Exciting Drones Aren't in the Air--

They're in the Ocean



Adapting Carbon Sensors

Autonomous Surface
Vehicle CO, (ASVCO,)
system

Photos courtesy of:
Saildrone, Inc. and
Noah Lawrence-
Slavas

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image Landsat / Copernicus

Data LDEO-Columbia, NSF. NOAA
Data MBARI

39



Saildrone ASVCO2 Field Test

Saildrone ASVCOZ2 vs. R/V
Shimada General Oceanics
underway pCO, system

Field test on coastal CA ASVCO2 pCO2a
. . i e ASVCO2 pCO2s
shelf in highly variable o Shimada GO pC02a

- © Shimada GO pCO2s
seawater pCO, conditions :

30
X pCO2s residuals

X pCO2a residuals

Preliminary results from lab 20

and field testing suggest
ASVCO2 measurement
errors are comparable to
MAPCQO?2 systems deployed
on buoys (< 2 patm)

10

0

-10

pCO2s: 1.2+7.5 patm
pCO2a: 1.6+0.4 patm
-20 (mean+1SD)

ASVCO?2 - Shimada GO (patm)

-30
3/21 0:00 3/22 0:00 3/23 0:00 3/24 0:00







EXPORTS Goal: To

predict the ei(port'ff"ff%f
and fate ofocean~
NetPrimary — =

Production (NPP)"
from satellite and™
ther observatlons.

« Saildrone + ADC'P

+ ASVCO2:'How

does vertical —
velocity impact
NPP?




7% Tropical Pacific
»  Observing System
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E 3 sandlin Seqguin » Jessica Cross
~ As a scientist who has also sent unmanned probes into arctic waters, |
‘ assume that when these results came in, you ran down the hall with a
ream of dot matrix paper trailing behind you shouting for all your

colleagues to hear "Boaty McBoatface is back!" while they cheered. If any
part of my story isn't true, please don't tell me.

Y
Al

Boaty McBoatface Makes Its Triumphant Return, particles
Hauling 'Unprecedented Data' carbonate

The curiously named submersible wrapped up its inaugural voyage last week. And,
as the British Antarctic Survey noted Wednesday, Boaty acquitted itself well on...
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Future Projects:
» Export Fluxes
 Ocean Acidification acemcxtn

o Subsurface! Collister et al- LiDAR. fqr particles

Mawiji et al- Microfluidic carbonate
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