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Ecosystem and Carbon Cycling (ECC) state
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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
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EXPORTS Science Definition Team

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

 Alternatives to the goal plan, to fit different 
budget scenarios
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• Right after this talk, during group discussion
• Watching the webstream?  Live email: ocb_live@whoi.edu 
• Early career?  At lunch today, look for EXPORTS tables
• Email to: obb_comments@cce.nasa.gov, by Sept. 1

We want your questions and comments!

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?

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

6



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

EXAMPLE:  SQ1c.  What controls 
particle aggregation/disaggregation of 
exported organic matter and how are 
these controls influenced by plankton 

community composition?

 Start with the 
Science Questions 

 Create detailed 
list of 
measurements 
necessary to 
robustly answer 
each question

 Prioritize the 
measurements

 Account for any 
logistical 
constraints to 
carrying out the 
measurements

Section 3, draft EXPORTS Implementation Plan

7



Phyto- and microplankton

Zooplankton

Export

Physics

Bulk geochemistry

Optics

Sorting & imaging flow cytometry
Digital microscopy
Staining and epifluorescence microscopy
Genetic profiling
Metatranscriptomes

Spectral absorption, attenuation, and backscattering
Particle birefringence
Volume scattering
Coulter Counter
Radiometry

Vertical and depth-resolved net tows (day & night)
Microscopy
Acoustics
Zooplankton particle fragmentation experiments

HPLC pigments
In vivo fluorescence
Biogenic silica
Lithogenic Si/Al
TEP
Oxygen
Carbonate system

CTD + models

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

SQ1c.  What controls particle aggregation/disaggregation of exported organic matter and how 
are these controls influenced by plankton community composition?

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

Science question 
need, examples of 
measurements, 
purpose of 
measurement

Specific subquestions 
of SQ1 and 2 
addressed by the 
measurement(s)

Program element:  Phyto/microplanktonProgram element:  Phyto/microplankton

Program element:  Zooplankton

Program element:  Export

Program element:  Optics

Program element:  Physics and bulk 
geochemistry

See also draft EXPORTS Implementation Plan, Section 4, Table 3
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Leveraging ship-based sampling with 
autonomous platforms

 Particulate organic carbon 
concentration and flux

 Chlorophyll
 Oxygen
 Nitrate
 pH
 Particle size
 Metrics for phytoplankton 

community composition
 Others in development…?

 e.g., NAB-08:  321 ship-
based POC samples 
leveraged to give ~1.5M 
measurements on autonomous 
platforms!

 Persistence through full 
annual cycle

 Spatial and temporal context
for cruises

 Confidence that data used to 
answer SQ3 are 
representative and capture 
all relevant scales

What can we measure?What do we gain?

More details can be found in the draft EXPORTS Implementation Plan section 4.3
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Measurement priorities by SQ, platform and sampling mode:

Platforms (ship & autonomous):
Process ship (Lagrangian)
Survey ship (distributed)
Autonomous platform deployment cruises
Autonomous platforms (floats, gliders)

Sampling mode (ship-based):
Profile, underway, towed

Sampling mode (autonomous):
Lagrangian, distributed

Survey ship

Sampling modes and platforms

Section 3, draft EXPORTS Implementation Plan. 
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EXPORTS Notional Cruise Plan
Process Ship State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 2 State 2 State 2 State 2
Day 1 2 3 4 5 6 7 8 9 10 11 12

0000-0200
Deploy float 
&, gliders CTD - 500 m Mocness CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m Mocness Weather

Reposition 
floats? CTD - 500 m Mocness CTD - 5

0200-0400 Poop run Mocness Poop run Poop run Poop run Poop run Mocness Poop run Mocness Poop r
0400-0600 zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo to

0600-0800

Deploy 
Traps & Exp 
Array CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m

Deploy 
Traps & Exp 
Array CTD - 500 m CTD - 500 m CTD - 5

0800-1000
1000-1200 Mocness Mocness Mocness
1200-1400 CTD - 1000 mMocness CTD - 1000 mCTD - 1000 mCTD - 1000 mCTD - 1000 mMocness CTD - 1000 m CTD - 1000 mMocness CTD - 1000 mCTD - 1

1400-1600 Mocness
Recover exp 
array

Redeploy 
exp array Mocness

Recover exp 
array Mocness

Recove
array

1600-1800
1800-2000 CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 5

2000-2200 zoo tow Poop run zoo tow
Recover 3-
day traps

Recover 4-
day traps

Recover 5-
day traps zoo tow zoo tow zoo tow Poop run zoo tow

Recove
day tra

2200-2400 Poop run Mocness Poop run Mocness Poop run Poop run Mocness Poop run

Survey Ship State 1 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 State 2
Day -1 0 1 2 3 4 5 6 7 8 9 10 11 12

0000-0200
Mesoscale 
Tow Survey

Mesoscale 
CTD Survey Pump Pump Pump

0200-0400 Pump Pump Pump

0400-0600
0600-0800
0800-1000 Pump Pump Pump
1000-1200 Pump Pump Pump

1200-1400
Optics / 
CTD

Optics / 
CTD 

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD 

Optics / 
CTD Pump

Optics
CTD

1400-1600 Pump Pump

Submeso-
scale tow 
survey

Mesoscale 
Tow Survey

Mesoscale 
CTD Survey Pump

1600-1800
Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

1800-2000
2000-2200 Pump Pump Pump
2200-2400 Pump Pump Pump

Each ecosystem & carbon cycling state will take 8 days to sample

Process Ship

Survey 
Ship



EXPORTS Notional Cruise Plan
Process Ship State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 1 State 2 State 2 State 2 State 2 State 2 State 2 State 2 State 2 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

0000-0200
Deploy float 
&, gliders CTD - 500 m Mocness CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m Mocness Weather

Reposition 
floats? CTD - 500 m Mocness CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m Mocness Weather

Reposition 
floats? CTD - 500 m Mocness CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m Mocness

Pick up  
floats?

0200-0400 Poop run Mocness Poop run Poop run Poop run Poop run Mocness Poop run Mocness Poop run Poop run Poop run Poop run Mocness Poop run Mocness Poop run Poop run Poop run Poop run Mocness
0400-0600 zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow zoo tow

0600-0800

Deploy 
Traps & Exp 
Array CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m

Deploy 
Traps & Exp 
Array CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m

Deploy 
Traps & Exp 
Array CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m

Deploy 
Traps & Exp 
Array

0800-1000
1000-1200 Mocness Mocness Mocness Mocness Mocness Mocness
1200-1400 CTD - 1000 mMocness CTD - 1000 mCTD - 1000 mCTD - 1000 mCTD - 1000 mMocness CTD - 1000 m CTD - 1000 mMocness CTD - 1000 mCTD - 1000 mCTD - 1000 mCTD - 1000 mMocness CTD - 1000 m CTD - 1000 mMocness CTD - 1000 mCTD - 1000 mCTD - 1000 mCTD - 1000 mMocness CTD - 1000 mCTD - 1000 m

1400-1600 Mocness
Recover exp 
array

Redeploy 
exp array Mocness

Recover exp 
array Mocness

Recover exp 
array

Redeploy 
exp array Mocness

Recover exp 
array Mocness

Recover exp 
array

Redeploy 
exp array Mocness

Recover exp 
array

1600-1800
1800-2000 CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m CTD - 500 m

2000-2200 zoo tow Poop run zoo tow
Recover 3-
day traps

Recover 4-
day traps

Recover 5-
day traps zoo tow zoo tow zoo tow Poop run zoo tow

Recover 3-
day traps

Recover 4-
day traps

Recover 5-
day traps zoo tow zoo tow zoo tow Poop run zoo tow

Recover 3-
day traps

Recover 4-
day traps

Recover 5-
day traps zoo tow zoo tow zoo tow

2200-2400 Poop run Mocness Poop run Mocness Poop run Poop run Mocness Poop run Mocness Poop run Poop run Mocness Poop run Mocness Poop run Poop run

Survey Ship State 1 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 State 2 State 2 State 2 State 2 State 2 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3 State 3
Day -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

0000-0200
Mesoscale 
Tow Survey

Mesoscale 
CTD Survey Pump Pump Pump Pump Pump Pump

0200-0400 Pump Pump Pump Pump Pump Pump

0400-0600

Submeso-
scale tow 
survey

Mesoscale 
Tow Survey

Mesoscale 
CTD Survey

Mesoscale 
Tow Survey Fin

0600-0800
0800-1000 Pump Pump Pump Pump Pump Pump
1000-1200 Pump Pump Pump Pump Pump Pump

1200-1400
Optics / 
CTD

Optics / 
CTD 

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD 

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD Pump

Optics / 
CTD

Optics / 
CTD

1400-1600 Pump Pump

Submeso-
scale tow 
survey

Mesoscale 
Tow Survey

Mesoscale 
CTD Survey Pump Pump Pump Pump

1600-1800
Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

Optics / 
CTD

1800-2000
2000-2200 Pump Pump Pump Pump Pump Pump
2200-2400 Pump Pump Pump Pump Pump Pump

Process 
Ship

Survey 
Ship

• 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
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EXPORTS Observing System Timeline

Figure 4, draft EXPORTS Implementation Plan.  See also section 4.3
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Suggested timeline for Goal Plan implementation

• 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

SDT
Data Mining/OSSE

Project Office
Phase 1: SQ 1 & 2

Field Ops
Phase 2: SQ 3

PACE Operations

2022 2023 20242016 2017 2018 2019 2020 2021
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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

Section 4.6, draft EXPORTS Implementation Plan. 
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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
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Goal plan = $71.5M over 7 years

See EXPORTS Implementation Plan, section 5.1 and 
supplementary budget spreadsheet, section 7.5 
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Contingency 
9%

Hydrographic 
sampling 6%



Goal plan = $71.5M over 7 years

Biggest pie slices
• PI projects:  23 in Phase 

1, 8 in Phase 2
• Section 4.1, Table 3

• 338 ship days:  
2 x 2-ship cruises in each 
of 2 oceans
• Section 4.2

• Autonomous sampling 
operation
• Section 4.3

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

What are the tradeoffs between cost and science return?
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Resources & costs adjusted by total effort …

Other Implementation Options

Cruises Basins Ships Projects 
in Phases 

1 & 2

Years Sea Days Total 
Cost

A: Goal Plan 4 2 2 23 / 8 7 338 $72MB: Goal “Lite” 4 2 2 20 / 6 7 338 $62MC: Full Plan but 1 ship 4 2 1 18 / 8 7 196 $57M
D: 3 cruise, 1 basin, 2 ships 3 1 2 23 / 8 7 263 $58M
E: 2 cruise, 1 basin, 2 ships 2 1 2 23 / 0 5 164 $39M
F: 2 cruise, 1 basin, 1 ship 2 1 1 18 / 0 5 95 $30M
G: 1 cruise, 1 basin, 1 ship 1 1 1 18 / 0 4 50 $22M
Table 5.  See also section 5.2.
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Evaluating other implementation options

current state 
of the art

overall science return
low high

determine all export 
pathways

Range of ECC states observed
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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

Figure 6, draft 
Implementation Plan
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current state 
of the art

overall science return
low high

determine all export 
pathways

Goal plan 
minimizes the risk 
of not answering 
all science 
questions

All pathways, 12 
ECC states (3 
per cruise) 
sampled

Includes 
“innovation” 
projects and 
“Phase 2” to 
answer SQ 3

Plan A (Goal Plan)

A:  23/8 projects,
4 cruises, 388 days, 
$72M w/phase 2 
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current state 
of the art

overall science return
low high

determine all export 
pathways

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

Plan D (3 cruises / 1 basin)

All pathways, 9 
states (3 per 
cruise)

No innovation 
projects

Impacts ability to 
constrain program 
elements & 
pathways and 
answers to SQ 1 & 
2

Increases risks for 
SQ3 increasing the 
dependence on 
data mining

D:  23/8 projects,
3 cruises, 263 days, 
$58M w/phase 2 
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current state 
of the art

overall science return
low high

determine all export 
pathways

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

D:  23/8 projects,
3 cruises, 263 days, 
$58M w/phase 2 

Plan F (2 cruises / 1 basin / 1 ship)

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 
SQ 1 & 2

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

overall science return
low high

determine all export 
pathways

Evaluating other implementation options

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

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

D:  23/8 projects,
3 cruises, 263 days, 
$58M w/phase 2 

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

G: 18/0 pro, 1 ship,
1 cruises, 50 days, 
$22M (no phase 2)

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

B:  20/6 projects,
4 cruises, 388 days, 
$62M w/phase 2 

Figure 7, draft 
Implementation Plan
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Will we be able 
to fully constrain 
all 5 export 
pathways?

Other options
reduce costs but 
add risks, 
relative to Goal 
Plan



Supporting coordination among competed 
projects to insure a complete measurement set

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

made

Program Challenges

Developing effective partnerships with national 
agencies and international entities

Striking balance among discovery, innovation, 
broad participation, agency mission & cost 
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Thank You for Your Attention!!

Thank you to our colleagues who have provided 100’s of 
comments on the draft EXPORTS Science Plan

EXPORTS SDT: Dave Siegel (Lead; UCSB), Barney Balch (Bigelow), Mike 
Behrenfeld (OSU), Ken Buesseler (WHOI), Craig Carlson (UCSB), Nicolas Cassar
(Duke), Ivona 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 (WHOI), 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)
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Share your questions and comments on the draft Implementation Plan
• Right now, during group discussion
• Watching the webstream?  Live email: ocb_live@whoi.edu 
• Early career?  At lunch today, look for EXPORTS tables (#1-6)
• Email to: obb_comments@cce.nasa.gov, by Sept. 1

Next steps
30

 EXPORTS does not yet exist as a program!  This will 
require broad community support, input, and 
enthusiasm expressed here, and to agency leaders.

 If EXPORTS moves forward, this community will 
carry it out and its implementation will reflect your 
ideas.



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

• Where are there gaps in the planning?
• In choosing between implementation options, which risks are easiest to accept, 

and which science is the most valuable?  Which implementation option strikes 
the best balance?

• What is the number one science priority for the implementation plan?
• With whom might we partner internationally?
• How can the suggested management structure be more effective?
• Should the proposed implementation timeline or geographic sampling 

strategy be altered?
• Are there implementation options we ought to have considered more closely?
• How can we best foster collaboration & organization among program 

participants to achieve science goals?

Share your questions and comments on the draft Implementation Plan
• Right now, during group discussion
• Watching the webstream?  Live email: ocb_live@whoi.edu 
• Early career?  At lunch today, look for EXPORTS tables (#1-6)
• Email to: obb_comments@cce.nasa.gov, by Sept. 131
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Approach: Compare observations over a range of 
ecosystem / C cycling states (incl. data mined results)

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, 2016)

Science Plan in a nutshell

Modularity: Focus on assessing “states” creates 
flexibility for de/rescoping & partnering

Goal: Predict the export and fate of ocean NPP 
from satellite & other observations 
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Organizing it all: Goal Plan Implementation

Program
resources

Export 
pathways

Outcomes & 
benefits

Program
preparation Data mining

SQ1: Export from
the euphotic zone

SQ2: Attenuation in 
twilight zone

Monitoring NPP fates in 
present ocean

Predicting NPP fates for 
future oceans

Science
questions

Program
elements

Phytoplankton
& microbes Export

Sinking algal 
cells

Sinking 
aggregates

Zooplankton
by-products

Advection, 
mixing & 
utilization

Zooplankton 
migration

Physics &  
BGC stocks OpticsZooplankton

Remote 
sensingPROCESS & SURVEY

CRUISES

National & International Partnerships

Persistent sampling 
with autonomous 

platforms

SQ3: Synthesize & model 
export and fates of NPP

SDT Planning OSSEs
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