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In	Situ	Environmental	Monitoring	



Gradients	Along	Mountain	To	Urban	
Transi7ons	(GAMUT)	Network	

•  Ecohydrologic	observatory	
deployed	in	3	watersheds	in	
northern	Utah,	USA:	Logan	
River,	Red	BuHe	Creek,	
Provo	River	

•  Watersheds	with	similar	
water	source	(high	eleva7on	
snow)	but	different	land	use	
transi7ons	

•  Measures	aspects	of		
water	inputs	and	outputs	
and	water	quality	over	
mountain-to-urban	gradient	

•  Mix	of	aqua7c	and	
terrestrial	in	situ	and	re-
locatable	sensors	

	



One	day	=	96	observa7ons	One	week	=	672	observa7ons	One	month	=	2880	observa7ons	One	year	=	35,040	observa7ons	
So	far	(~3	years)	=	105,000+	observa7ons	
	

The	Data	Deluge	

Times	14	Aqua7c	Sites	with	~26	Variables	

Plus	different	versions	of	the	data	(raw	versus	checked)		=	over	200	million	observa7ons		

You	need	some	infrastructure	to	manage	and	share	the	data.		

Times	14	Climate	Sites	with	~74	Variables	



Challenges	to	Managing	Sensor	Data	

•  Volume	of	data	
•  Data	heterogeneity	
•  Mul7ple	watersheds	
•  Mul7ple	ins7tu7ons	
•  Mul7ple	personnel	
•  Scale	
•  Data	quality	assurance	

and	quality	control	
•  Standardize	data	

edi7ng	
•  Synchronize	7ming,	

data	access,	equipment	
tracking	
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Cyberinfrastructure	
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ODM2:	Observa7on	Data	Model	v.	2	



GAMUT	Data	Workflow	



Sensor	Data	Acquisi7on	



Data	Loading	and	Storage	



Data	Loading	and	Storage	



Data	Loading	and	Storage	

ODM2	



Web-Based	Data	Access	



Web-Based	Time	Series	Data	Access	and	
Visualiza7on	



Web-Based	Time	Series	Data	Access	and	
Visualiza7on	



Web-Based	Time	Series	Data	Access	and	
Visualiza7on	



Web-Based	Time	Series	Data	Access	and	
Visualiza7on	



Web-Based	Time	Series	Data	Access	
and	Visualiza7on	



Web-Based	Time	Series	Data	Access	
and	Visualiza7on	



Sensor	Data	QAQC	



Sensor	Data	QAQC	
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Commit	Edits	to	
the	Database	

Common	
Edi7ng	Tools	

Filters	on	
Data	Points	

Dynamic	Data	
Edi7ng	Display	

Python	Code	
Console	

QAQC:	Post	Processing	

Python	
Script	Editor	



What	were	the	
field	condi7ons	of	
our	discharge	
measurement?	

Which	sensors	are	
deployed	at	this	site?	
Who	installed	them?	

Has	this	turbidity	
sensor	been	serviced	

at	the	factory?	

Who	programmed	
this	datalogger?	

What	is	the	
calibra7on	history	of	
this	fDOM	sensor?	

Which	standards	
did	we	use	for	that	

calibra7on?	

When	was	the	last	
7me	we	changed	

desiccant?	

How	long	has	
that	baHery	

been	deployed?	

How	did	the	other	
technician	store	
calibra7on	files?	

Where	are	
the	field	
notes	to	
reference	
for	QC?	

When	was	the	last	
7me	we	cleaned	this	

sonde?	

Managing	Physical	Infrastructure	
What	were	the	field	

condi7ons	of	our	discharge	
measurement?	



Managing	Physical	Infrastructure	



Managing	Physical	Infrastructure	
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Managing	Physical	Infrastructure	



Managing	Physical	Infrastructure	



Open	Source	Code		

•  WEBTSA	–	Time	series	data	visualiza7on	
–  hBps://github.com/UCHIC/WEBTSA		

•  ODM	Streaming	Data	Loader	
–  hBps://github.com/ODM2/ODM2StreamingDataLoader


•  ODM	Tools	Python	–	Sensor	Data	Management	
–  hBps://github.com/ODM2/ODMToolsPython


•  ODM2	Sensor	–	Sensor	equipment	management	
–  hBps://github.com/UCHIC/ODM2Sensor




Conclusions	
•  Researchers	are	using	in	situ	sensors	at	mul7ple	sites	more	commonly	

resul7ng	in	large	datasets	

•  Much	of	the	data	management	workflow	can	(and	should!)	be	
automated	

•  Visualiza7on	access	can	be	made	broadly	available	

•  Reproducible	QC	removes	the	requirement	that	only	one	person	
perform	post	processing	and	increases	confidence	in	the	process	

•  The	tools	described	have	sped	the	7me	from	collec7on	to	analysis	
and	facilitate	sharing	and	publica7on	of	the	data	

•  Sustainability	is	enhanced	by	using	community-developed	standards	
and	open-source	tools	

•  Data	reusability	facilitated	by	ability	to	access	data	and	metadata	
programma7cally	

•  Data	Available	at	hHp://data.iutahepscor.org	



Amber Jones 
amber.jones@usu.edu


Jeff Horsburgh 
jeff.horsburgh@usu.edu


 

hVp://data.iutahepscor.org	



This	project	is	funded	by	Na7onal	Science	
Founda7on	grant	EPS-1208732.	
Any opinions, findings, and conclusions or recommenda5ons 
expressed in this material are those of the author(s) and do not 
necessarily reflect the views of the Na5onal Science Founda5on.


Ques7ons?	


