EXport Processes in the Ocean from RemoTe Sensing

Implementation Plan

EXPORTS Science Definition Team: Dave Siegel (Lead; UCSB), Barney Balch

1

(Bigelow), Mike Behrenfeld (OSU), Ken Buesseler (WHOI), Craig Carlson (UCSB),
Nicolas Cassar (Duke), lvona Cetinic (NASA GSFC). Scott Doney (WHOI), Meg
Estapa (Skidmore), Bethany Jenkins (URI), Ken Johnson (MBARI), Craig Lee (UW
APL), Adrian Martin (SOC), Susanne Menden-Deuer (URI), Roo Nicholson
(WHOQI), Uta Passow (UCSB), Mary Jane Perry (UMaine), Natassa Romanou
(NASA GISS), Deb Steinberg (VIMS), Andy Thompson (CalTech) & Jeremy Werdell
(NASA GSFC) Ex officio: Paula Bontempi (NASA HQ), Quincy Allison (NASA
ESPO), Peter Griffith (NASA GSFC) & Mike Sieracki (NSF)



EXport Processes in the Ocean
from RemoTe Sensing (EXPORTS)
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Ecosystem and Carbon Cycling (ECC) state

B. Mixing of DOC and particles
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Talk outline

How did we come up with the goal plan?
Highlights of the goal plan

Cost estimate for the goal plan

Alternatives to the goal plan, to fit different

budget scenarios



EXPORTS Science Definition Team
I

> GOAL PLAN = SDT’s best suggestion for
implementation that answers the science questions
with a high degree of certainty

0 Alternatives to the goal plan, to fit different

budget scenarios



» GOAL PLAN = SDT’s best suggestion

* How might the Goal Plan be improved, to better
answer the science questions?

* In choosing between implementation options, which
risks are easiest to accept, and which science is the
most valuable?

* Could the suggested management structure be more
effective?

e Should the proposed timeline or geographic sampling
strategy be altered?

We want your questions and comments!




Start with the
Science Questions

Create detailed
list of
measurements
necessary to
robustly answer
each question

Prioritize the
measurements

Table 1 from draft Implementation Plan: EXPORTS
Science Questions and sub-questions

il

Al

What controls particle aggregation / disaggregation of exported organic matter and how

are these controls influenced by plankton community composition?

N

EX

AMPLE: SQ1lc. What controls

particle aggregation/disaggregation of
exported organic matter and how are
these controls influenced by plankton

Account for any
logistical
constraints to

community composition?

carrying out the

leey planktonic ecosystem choracteristios vary and con they be assessed knowing

W e

measurements

curately modeled from

Section 3, draft EXPORTS Implementation Plan



SQ1c. What controls particle aggregation/disaggregation of exported organic matter and how

are these controls influenced by plankton community composition?

Sorting & imaging flow cytometry
Digital microscopy

Staining and epifluorescence microscopy
Genetic profiling

Metatranscriptomes

Phyto- and microplankton

Vertical and depth-resolved net tows (day & night)
Microscopy

Acoustics

Zooplankton particle fragmentation experiments

Zooplankton

In-situ cameras
Optical flux gauges on traps
Particle aggregation experiments

> Export

HPLC pigments

In vivo fluorescence
Biogenic silica
Lithogenic Si/Al
TEP

Oxygen
Carbonate system

Bulk geochemistry

CTD + models

> Physics

Spectral absorption, attenuation, and backscattering
Particle birefringence

Volume scattering

Coulter Counter

Radiometry

Optics

Section 3, draft EXPORTS Implementation Plan.
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EXPORTS complete measurement table
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Coulter Counter

flow cytometry (number, volume, groups); imaging cyt Routine
sorting flow cytometry/imaging

including e.g., flow cytometry with

‘Synoptic, repeated surveys of mesascale fiekds with tG Vi
SYnoptic,

3H Tdr or 3H Leu incorpration method

Seawater Dilution cultures.
particle cameras (e.g., UVP, VPR, LOPC, etc.)

Measurement types & examples
variable fluorescence Fv/Fm

nutrient

NCP (02/Ar)

NPP/NCC (14C)

GPP (triple O isotope)

GPP(180)

210Po, 228Th flux studies

In situ cameras on traps

In situ camera (e.g.. UVP, VPR)
Settling Velocity Traps or other
Settling columns

i situ or

PAR

‘absorption spectrum (Kishino method)
Spectral flucrescence on discrete samples

Maps of

See also draft EXPORTS Implementation Plan, Section 4, Table 3

Optical
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and larger protist

biomass

metazoan

Aggregate PSD and flux derived from particle distributions

Phytoplankton community composition
Spectral particle absorption & attenuation

Sinking velocity
Sinking velocity

&
PAR, above-water and subsurface

EXPORTS science question needs

Variable Fluorescence
Net Community Production
kton i
Viral infection & dilutions
ic Bacterial
Particle size

experimental
experimental
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1 Phyto/micro plankton
2 Phytofmicro plankton
3 Phyto/micro plankton
4 Phyto/micro plankton
5 Phyto/micro plankton
& Phyto/micro plankton
7 Phyto/micro plankton
8 Phyto/micro plankton
9 Phyto/micro plankton
10 Phyto/micro plankton
11 Phyto/micro plankton
12 Phyto/micro plankton
13 Phyto/micro plankton
14 Phyto/micro plankton
15 Phyto/micro plankton
16 Phyto/micro - remin

42 Optics- modeling
43 Optics- modeling
44 Optics- modeling
45 Optics- modeling
46 Optics- modeling
47 Optics- modeling
48 Optics- modeling
49 Optics- modeling
50 Optics- modeling




Leveraging ship-based sampling with

i ﬁ||ﬁ | : autonomous platforms
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More details can be found in the draft EXPORTS Implementation Plan section 4.3



Sampling modes and platforms
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Section 3, draft EXPORTS Implementation Plan.
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Platforms (ship & autonomous)
Process ship (Lagrangian)
Sampling mode (autonomous)
Lagrangian, distributed

Survey ship (distributed)
Autonomous platform deployment cruises

Sampling mode (sh
Profile, underway,

Measurement pr

Autonomous platforms (floats, gliders)
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EXPORTS Notional Cruise Plan

State 2 State 2

Process Ship State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 1

Day 1 2 3 4 5 6 7 8 9 10 11 12
Ll
P rocess Sh | p Deploy float Reposition

0000-0200 &, gliders  CTD-500m Mocness ~ CTD-500m CTD-500m CTD-500m CTD-500m Mocness |Weather |floats? CTD-500 m Mocness  CTD -

0200-0400 Pooprun Pooprun Pooprun  Pooprun Mocness Poop Mocness Poop

0400-0600 z00 tow Z00 tow z00 tow 200 to
Deploy Deplo
Traps & Exp aps & Exp

0600-0800 Array CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500 m Arra CTD-500m CTD-500m CTD -

0800-1000

1000-1200 Mocness Mocness Mocness

1200-1400 CTD - 1000 r Mocness CTD - 1000 rr CTD - 1000 r CTD - 1000 n CTD - 1000 rr Mocness CTD - 1000 m CTD - 1000  Mocness CTD - 1000 rr CTD -

Recover exp |il=cl=1e106) ) Recover exp Recov

1400-1600 Mocness array exp array Mocness array Mocness array

1600-1800

1800-2000 CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500 m CTD-500m CTD-500m CTD-500m CTD -
- - Recover 3- Recover4- Recover 5- -

2000-2200 z00 tow Poop run z00 tow day traps day traps day traps z00 tow Z00 tow Poop run Z00 tow

2200-2400 Poop run Mocness Poop run Mocness Poop run l_ Poop run Mocness Poop run |
Each ecosystem & carbon cycling state will take 8 days to sample

Survey Ship [SEE State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 2 State 2 State 2 State 2
Survey Day 1
Mesoscale Mesoscale
S hi p 0000-0200 Tow Survey CTD Survey
0200-0400
0400-0600
0600-0800
0800-1000 Pump Pump Pump
1000-1200 Pump Pump Pump
Optics / Optics / Optics / Optics / Optics / Optics / Optics / Optics / Optics / Optics / Optics /
1200-1400 CTD CTD CTD Pump CTD CTD Pump CTD CTD CTD CTD CTD CTD Pump
Submeso-
scale tow Mesoscale Mesoscale
1400-1600 Pump Pump survey Tow Survey CTD Survey Pump
Optics / Optics / Optics /
1600-1800 CTD CTD CTD
1800-2000
2000-2200 Pump Pump Pump
2200-2400 Pump Pump Pump




EXPORTS Notional Cruise Plan

Process

1200-1400
1400-1600
1600-1800
1800-2000

2000-2200
2200-2400

1000-1200

1200-1400

1400-1600

1600-1800

2200-2400

State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 1
2 7

State3  State3 State 3 State 3 State 3 State3  State3 State 3 State 3
19 20 21 2 23 24 25 26 27

Deploy float Reposition Reposition Pickup
&gliders  CTD-500m Mocness ~ CTD-500m CTD-500m CTD-500m CTD-500m Mocness  |Weather _|floats?  CTD-500m Mocness  CTD-500m CTD-500m CTD-500m CTD-500m Mocness | Weather |floats?  CTD-500m Mocness ~ CTD-500m CTD-500m CTD-500m CTD-500m Mocness  floats?

[ [Mocness Pooprun  Pooprun  Pooprun  Poop run

Pooprun  Pooprun  Poop run
200 tow. 00tow  |z00tow |20 tow

[Mocness
200 tow

Mocness

CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500 m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500 m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m '/

Mocness, Mocness Mocness Mocness Mocness Mocness
CTD- 1000 Mocness  CTD - 1000 r CTD - 1000 i CTD - 1000 fr CTD - 1000 rr Mocness  CTD - 1000 m CTD-1000 m Mocness  CTD - 1000  CTD - 1000  CTD - 1000  CTD - 1000 1 Mocness  CTD - 1000 m CTD - 1000w Mocness  CTD - 1000  CTD - 1000 r CTD - 1000 rr CTD - 1000 i Mocness  CTD - 1000  CTD - 1000 m
Recover exp [[EEETE7 Recover exp Recover exp (R Recover exp Recover exp [[EEEE Recover exp
Mocness. array exp array Mocness  array. Mocness array exp array Mocness  array. Mocness array exp array. Mocness ~ array.
CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500 m CTD-500m CTD-500 m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500m CTD-500 m

cover 4-  Recover 5-

Rex Recover 3-  Recover 4- Recover 5-
Gaytraps  daytraps  daytraps

daytraps  daytraps  day traps

Recover 3-  Recover 4- Recover 5-
daytraps  daytraps daytraps

Poop run

200 tow
Mocness

Poop run
[Mocness

200 tow
Poop run

200 tow
Pooprun  Poop run

Poop run

R oo

Pooprun | I Poos run Poop run

Mocness

State 1 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3

Mesoscale
Tow Survey Pump Pump Pump Pump Pump Pump
Pump Pump Pump Pump Pump Pump
Submeso-

Pump Pump Pump Pump Pump Pump
Pump Pump Pump Pump Pump Pump

Optics/  Optics/ e/ Optics/  Optics/ Optics/ | Optics/  Optic Optics/ o) Optics/  Optics / Optics/  Optics/ [TV ARG ISR Optics Optics/  Optics/ Optics/  Optics /
cm cm Pump D cm Pump cm cm 1D cm Pump D ¢ Pump o o cm cm Pump o o Pump

Mesoscale
Pump Pump CTD Survey Pump Pump Pump Pump
Optics / Optics / Optics / Optics / Optics / Optics /
co co < co

Pump Pump Pump Pump Pump Pump
Pump Pump Pump Pump Pump Pump

Three 8-day “state assessments” per cruise, which sets cruise
durations of 27 days on site

* Maps sampling activities onto each ship & considers
measurement interdependencies

~60 berths available — The Goal Plan fits!!

See also: draft EXPORTS Implementation Plan section 4.2 and 7.3



EXPORTS Observing System Timeline
s 4.

Deployment Cruise 1 Cruise 2 Coastal
Cruise Recovery

Bio-Argo (6)

Flux Floats (2)

Lagrangian Float (1) & Gliders (2)

Crosslcalibrzrion

Broad-scale Gliders (2)

Cross-calibration

Il Cross-calibration I

Bio-Argo (2)

Flux Floats (2)

Lagrangian Float (1) & Gliders (2)

Broad-scale Gliders (2)

PSD Floats (2)

Bio-Argo (2)

Flux Floats (2)

Lagrangian Float (1) & Gliders (2)

Broad-scale Gliders (2)

PSD Floats (2)
|
Jan Apr Jul Oct Jan
Figure 4, draft EXPORTS Implementation Plan. See also section 4.3




Suggested timeline for Goal Plan implementation

2016

2017

2018

2019

2020

2021

2022

2023

2024

SDT

Data Mining/OSSE

Project Office

Phase 1: SQ 1 & 2

Field Ops

Phase 2: SQ 3

PACE Operations

* Two-phase implementation

* Phase 1: Field operations, answer SQ1 and SQ2

* Phase 2 : Modeling & synthesis to answer SQ3

Figure 2, draft EXPORTS Implementation Plan. Also see section 4.1




Suggested management structure

Central project office for 7-year duration
Lead scientist and deputy lead scientist
Science steering committee

Leadership team members represent all primary
research areas

Staggered turnover among leadership team
members
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Goal plan = $71.5M over 7 years

Project Contingency
9%

Office / EXPORTS budget

3%
Data (plan A)

Hydrographic
sampling 6%

Phase 2
Projects
9%
Logistics
1%

See EXPORTS Implementation Plan, section 5.1 and
supplementary budget spreadsheet, section 7.5



Goal plan = $71.5M over 7 years
I =

Biggest pie slices

Project

Pl projects: 23 in Phase Office
H 3%
]l 8 in Phase 2 Data Contingency funds 9%

. 4% /
Section 4.1, Table 3
Hydrographic

338 Ship dCIYS: sampling 6%
2 x 2-ship cruises in each Phase 2

Projects

of 2 oceans 5%
Section 4.2

- Autonomous sampling
operation

Section 4.3

See EXPORTS Implementation Plan, section 5.1 and
supplementary budget spreadsheet, section 7.5

Logistics
1%
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Other Implementation Options

Cruises | Basins  Ships Projects Years Sea Days Total
in Phases Cost
1&2
A: Goal Plan 4 2 2 23/8 7 338 $72M
B: Goal “Lite” 4 2 2 20/ 6 7 338 $62M
C: Full Plan but 1 4 2 1 18 /8 7 196 $57M
ship
D: 3 cruise, 1 basin, 3 1 2 23 /8 7 263 $58M
2 ships
~ 7 7 TE:2cruise, 1basin, | 2 1 2 23/0 5 164 $39M
2 ships
P No Phase 2...
F: 2 cruise, 1 basin, 2 1 1 18/0 5 95 $30M
1 ship
G: 1 cruise, 1 basin, 1 1 1 18/0 4 50 $22M
1 ship

Table 5. See also section 5.2. Resources & costs adjusted by total effort ...



Evaluating other implementation options

How globally
representative
will our
observations be?

Will we be able
to fully constrain

all 5 export
pathways?

Other options
reduce costs but
add risks,
relative to Goal
Plan
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Range of ECC states observed

Figure 6, draft
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Plan A (Goal Plan)

Goal plan
minimizes the risk
of not answering
all science
questions

All pathways, 12
ECC states (3

per cruise)

Likelihood of
observing all export

sampled

Includes
“Innovation”

projects and
“Phase 2” to

answer SQ 3

pathways

>

determine all expor
pathways

current state
of the art

A: 23/8 projects,
4 cruises, 388 days,

$72M w/phase 2

Range of ECC states observed

overall science return

low




Plan D (3 cruises / 1 basin)

All pathways, 9

states (3 per D: 23/8 projects, A: 23/8 projects,
c + 3 cruises, 263 days 4 cruises, 388 days
L ’ ’ ’ ’
CFUISG) (o) $58M w/phase 2 $72M w/phase 2
o
No innovation “'6 X determine all export
projects —o) o > pathways
— O
o Qo 3
Impacts ability to g z
constrain program  |G= ? SEl BEEhERRr Shbbiae R---==
m © m— T \
elements & X Z O 0/\\
pathways and — O current state % 060\\
answers to SQ 1 & ﬁ of the art '0450 =
2 o S
2L

Increases risks for

SQ3 increasing the Range of ECC states observed

dependence on

data mining

overall science return

o ~ high)




Lose physics
pathway

Fewer states
(max = 6)

No innovation
projects

May not allow
“Phase 2”

Severely impacts
ability to constrain
program elements,
pathways,

and answers to

SQ1 &2

T
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Plan F (2 cruises /1 basin/ 1 shi

EA

A ‘ 3D: ?3/82|2r§>iec’rs,
| 2 e 263 dors

A: 23/8 projects,
4 cruises, 388 days,
$72M w/phase 2

determine all export
pathways

F: 18/0 pro, 1 ship,
2 cruises, 95 days,
$30M (no phase 2)

current state 9, %«
OO/. CAR
of the art Gl
%
L

Range of ECC states observea

overall science return

low




Evaluating other implementation options

How globally
representative
will our
observations be?

Will we be able
to fully constrain
all 5 export
pathways?

Other options

reduce costs but
add risks,
relative to Goal
Plan

Likelihood of
observing all export

ays

>

G: 18/0 pro, 1 ship,
1 cruises, 50 days, -

$22M (no phase 2)

overall science return

E: 23/0 projects,
2 cruises, 164 days,
$39M (no phase 2)

determine all export

D: 23/8 projects, A: 23/8 projects,

3 cruises, 263 days, 4 cruises, 388 days,

$58M w/phase 2 ‘ $72M w/phase 2

- - B: 20/6 projects,

4 cruises, 388 days,
$62M w/phase 2

pathways

C: 18/8 pro, 1 ship,
4 cruises, 196 days,
$57M w/phase 2

F: 18/0 pro, 1 ship,
. 2 cruises, 95 days, -—-
T $30M (no phase 2)
current state
of the art

Range of ECC states observed

Figure 7, draft

low
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Program Challenges

Striking balance among discovery, innovation,
broad participation, agency mission & cost

Supporting coordination among competed
projects to insure a complete measurement set

Developing effective partnerships with national
agencies and international entities

Insure that Phase 2 occurs so that improvements
to C cycle satellite algorithms & models are
made













- EXTRAS



Science Plan in a nutshell

Goal: Predict the export and fate of ocean NPP

from satellite & other observations

Approach: Compare observations over a range of
ecosystem / C cycling states (incl. data mined results)

Modularity: Focus on assessing “states” creates

flexibility for de /rescoping & partnering

Vetting: Science Plan underwent two community
comment periods & peer review panel

Science Plan: http://cce.nasa.gov/obb /exports.html

(also Siegel et al. Frontiers in Marine Science, 201 6)




Organizing it all: Goal Plan Implementation

Science

guestions
Export
pathways
Program
elements

Remote Per.sistent sampling
Program PROCESS & SURVEY sensing e or
resources CRUISES

National & International Partnerships
Program

preparation SDT Planning Data mining OSSEs




