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Take	Homes

• Big	data	is	not	just	about	data	volume
• Data/code	diversity,	accessibility,	and	metadata	matter

• Tackling	challenges	in	informatics	is	a	key	to	solving	
the	scientific	reproducibility	crisis
• Big	data	is	really	about	the	people,	ethics,	networks

• Ecologists	are	well-positioned	to	be	a	leader	here	
• If	we	invest	in	people	and	infrastructure



You	all	already	do	
“big-data”
“fusion”
“forecasting”
and	“informatics”



Bioscience,	2018



DATA!!!	Om	nom	nom…







https://phenocam.sr.unh.edu/webcam/gallery/

Andrew Richardson,	Northern	Arizona	U



What	are	these	data	good	for?

• Understand,	measure,	and	predict	the	fate	of	
global-warming	greenhouse	gases	and	how	that	
influences	ongoing	and	future	climate	change
• Atmospheric	and	ecological	theories	of	vegetation-
climate	feedbacks
• Long-term,	multi-scale observations	of	soil	and	
vegetation	carbon	and	water	use
• Fusing these	to	confront	numerical	models	of	land	
surface	biophysics,	ecosystem	dynamics,	and	
atmospheric	forcing/feedbacks



Bonan 2008



Wolf	et	al	(2016)	PNAS



IPCC AR5
2014





Observations	are	big	and	long!



Ferguson	et	al.,	2014
Nature	Neuroscience

And	hard	to	extract	from	literature!









DC-FLUX	GLEON



What	are	traits	of	a	Positive	Informatics	
Culture?

Open
Collaborative
Sharable
Reproducible



OPEN







WED	COS	82
Dave	Moore
Kim	Novick
The	all	singing	
all	dancing	
ecologist?	
Forming	
communities	
of	practice	by	
cross	training	
graduate	
students	in	
empirical	and	
modelling	
approaches
3:20	pm
Rm	245



COLLABORATIVE



Most	scientific	projects	are	
multi-PI,	multi-institute

https://debblog.nsfbio.com/2013/07/23/deb-
numbers-award-size-and-duration/



P E C A N  C O R E

P O S T G I S  
D A T A B A S E

M O D E L  A P I
write

configs
std

outputM O D E LP E C A N
W E B

P E C A N  M O D U L E S

Standardized	inputs	and	outputs

Reusable	tools	for	execution,	analysis,	visualization
Accessible	interface

Provenance:	Transparent	&	Repeatable

Le	Bauer	et	al., Ecol.	Mono.,	2013 M	Dietze
Boston	U



No	central repository!

For	code	or	data!



SHARABLE



Sharing	is	caring…

• The	National	Ecological	Observatory	Network	is	a	
$450	million	NSF	set	of	coordinated	U.S.	ecological	
observing	sites	to	address	grand	challenges	in	
global	change
• The	“space	telescope”	of	ecology

• Community	resource	– consistent	instruments	on	
all	sites,	open	data,	documentation	for	every	
variable	REST/JSON	API	for	access

• But	can	this	infrastructure	support	ecology?



• Docker	=	shipping	container	system	for	code

32

eddy-covariance	usability	tools:	eddy4R-Docker	image

Computer



Enabling	FAIR	Data

• Findable
• Accessible
• Interoperable
• Re-Usable

• https://www.force11.org/group/fairgroup/fairprinci
ples
• http://www.copdess.org/enabling-fair-data-
project/commitment-to-enabling-fair-data-in-the-
earth-space-and-environmental-sciences/



REPRODUCIBLE



We	have	a	reproducibility	crisis…

http://www.nature.com/news/1-500-
scientists-lift-the-lid-on-reproducibility-
1.19970



Lack	of	full	metadata	is	an	issue

• Protocol
• Code
• Data
• Filtering	and	tests
• Experiments	and	vignettes

• #openexperiment



https://github.com/bpbond/cpcrw_incubation





Big	data	is	not	open,	collaborative	
sharable,	nor	reproducible	if…
• Code	to	generate/analyze	is	not	reusable	by	others

• Github,	Docker,	DevOps	cycle	is	key	to	making	“big	science”	happen
• Data	lack	open,	common	APIs	to	access	by	machines

• THREDDS,	JSON/XML
• Data	formats	are	non-standard,	not	machine-readable

• NetCDF,	Unidata CF	convention	as	an	example	in	meteorology
• Ecological	Metadata	Language	(EML)

• Data	requires	complex	authentication	methods	to	access	or	
repositories	don’t	have	multiple	points	of	entries,	distributed	nodes
• Kill	the	password!

• Data/code	sharing	policies	limit	what	you	can	do
• Important	to	set	this	out	by	community,	be	open	to	ideas	beyond	intended	
use

• Data	quicklooks,	comparisons,	documentation	on	variable	names,	
time	steps,	units	are	not	easy	to	find
• Simple	tables,	online,	vignettes,	forums/chat	rooms



How	do	we	encourage	and	support	an	
open,	collaborative,	sharable,	reproducible	
informatics	culture?
• Training	for	students	and us	old	farts
• Best	practices:	GLEON,	LTER,	Ameriflux
• Science	of	Team	Science	

• NSF	RCN	MSB	Grassroots	Global	Network	Sciences
• Pilot	projects	for	new	collaboration	methods

• Will	some	please	invent	an	actually	usable	collaborative	video-
conference	platform?

• Funding	support	for	data	archival	and	informatics
• Digitization/generation	of	metadata	for	long-tail	data
• The	mantra	does	NOT	have	to	be	centralization
• CyVerse

• … what	else?
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