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upper ocean NPP need to be developed, which will in turn require observations of key 
mechanisms and processes for both algorithm development and validation. Field data of the 
required type, focus and breadth do not exist presently. The collection, analysis, synthesis and 
modeling of these observations are objectives of the EXport Processes in the Ocean from 
RemoTe Sensing (EXPORTS) field campaign.  

EXPORTS aims to help provide answers for the penultimate Earth science questions posed in 
NASA’s 2014 Science Plan… “How is the global Earth system changing? What causes these 
changes in the Earth system? How will the Earth system change in the future? How can Earth 
system science provide societal benefit?” The EXPORTS Science Plan also addresses NASA 
Carbon Cycle and Ecosystems Focus Area science questions: “How are global ecosystems 
changing? How do ecosystems and biogeochemical cycles respond to and affect global 
environmental change? How will carbon cycle dynamics and marine ecosystems change in the 
future?” Remote sensing measurements provide the critical link for scaling detailed process 
study understanding to the regional and global scales required for maximizing societal 
relevance. 

EXPORTS Science Questions: The underlying hypothesis for EXPORTS is that carbon export 
from the well-lit surface ocean and its fate within the twilight zone can be predicted knowing 
characteristics of the surface ocean planktonic ecosystem. This approach requires that the 

fundamental export pathways be 
quantified; the gravitational settling of 
particulate organic carbon to depth, the 
net vertical transport of organic carbon 
by physical processes (mixing & 
advection) and carbon transport 
mediated by the vertical migration of 
zooplankton (the numbered arrows in 
Figure E3). The importance of the 
pathways will vary among ocean 
provinces and over time. These 
differences will drive systematic 
variations in the magnitude of NPP 
export from the euphotic zone as well 
as its fate in the twilight zone below.   

Obtaining a mechanistic understanding 
of these fundamental export pathways 
is critical for 1) quantifying the carbon 
export leaving the well-lit surface layer, 
2) assessing the vertical attenuation of 
that carbon flux below the euphotic 
zone where it is sequestered on time 
scales from months to millennia, and 3) 

predicting these carbon fluxes for present and future oceans. These three points constitute the 
science questions for the EXPORTS field campaign. EXPORTS will create a comprehensive 
database capable of answering its science questions as well as creating and validating novel 

Figure E3 - Illustration of the pathways regulating the 
export and the flux of carbon from the euphotic zone (EZ) 
into the twilight zone (TZ). 
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Figure	1.	A	schematic	of	the	standard	view	of	the	biological	pump	in	the	center	with	representations	of	
some	of	the	high	priority	research	areas	identified	in	this	report.	In	the	standard	view,	phytoplankton	in	
surface	waters	are	consumed	by	zooplankton	or	form	aggregates	with	other	cells	and	fecal	and	detrital	
material.	These	larger	particles	sink	and	are	degraded	by	biological	activity	as	the	settle	through	the	
water	column.	Research	into	food-web	complexity	and	trophic	interactions	can	identify	and	quantify	
new	export	pathways.	Studies	into	the	DOM-POM	continuum	map	and	quantify	DOM	subduction	and	
composition,	and	the	transformations	between	DOM	and	POM.	Understanding	and	quantifying	the	
controls	on	aggregation,	disaggregation,	and	TEP	formation	will	improve	predictions	of	POM	export.	
Studies	on	spatial	and	temporal	scales	will	help	quantify	episodic	events	and	improve	predictive	
modeling	skills.		
	
biological	processes	that	have	the	potential	to	significantly	advance	our	understanding	of	the	
biological	pump.		
	
In	September	2015,	Benway,	Burd,	and	Sieracki	invited	an	organizing	committee	of	eight	
scientists	spanning	a	range	of	relevant	disciplines	and	career	stages	to	help	with	the	
organization	of	the	workshop:	
	

Heather	Benway	(Woods	Hole	Oceanographic	Institution)	
Alison	Buchan	(University	of	Tennessee)	


