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iUTAH: innovative Urban Transitions and

Aridregion HydroSustainability

» Cyberinfrastructure
needed to support:

= |nterdisciplinary and
cross-institutional teams

= Diverse data collection
and modeling efforts

= The full data life cycle

- Includes storage, | . /N
software, networking, | = 7=,
computational, and ¥~
human resources.  pw




Data Life Cycle

» Cyberinfrastructure | Plan |
needed to support: o >
= Interdisciplinary and | naze | | Collct_|
cross-institutional teams
= Diverse data collection \,
and modeling efforts
= The full data life cycle _Integrete | [ Assure |
* Includes storage, '\ /
software, networking,
ﬁomputatlonal, and [ Discover J [ Describe J
uman resources. — o
[ Preserve ]

Figure courtesy DataOne




Data Life Cycle

e Cyberinfrastructure
ngeded to support: - [P ] -
= Interdisciplinary and | Anayze | Collct_|
cross-institutional teams
= Diverse data collection \

and modeling efforts
= The full data life cycle

» Includes storage, '\ /

software, networking,
_ &

[ Integrate } [ Assure ]

computational, and
human resources.

Figure courtesy DataOne




“All of the primary datasets collected as
part of this project will be made freely and
publicly available...”

- iIUTAH Proposal Data Management Plan



Information Entropy

‘/Time of publication

Information Content of Data and Metadata

<

Accident may /

destroy data and
documentation

Figure taken from
Michener (2006)

Specific details about problems with individual items or
specific dates of collection are lost relatively rapidly

General details about data collection are lost

/ through time

Retirement or career change
makes access by scientists
to "mental storage” difficult
or unlikely

Death of investigator
and subsequent loss
/ of remaining records




Information Entropy: What if instead...

Data synthesized and

Paper using data leads to another publication

is published l

|
| \ Data annotated by

\ additional users
Curated data published

in a data repository
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Data Policy and Data Management Training

* Developed project
data policy to codify
guidelines and
timeframes for data
sharing

» Conducted training

* Developed data
publication tutorials

 Review and curation
of submitted datasets
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Jones, A.S., Z.T. Aanderud, J.S. Horsburgh, D.P. Eiriksson, D. Dastrup, C. Cox, S. B. Jones, D.R. Bowling, J. Carlisle, G.T. Carling, M.A. Baker, 2017. Designing and Implementing a Network for Sensing
Water Quality and Hydrology across Mountain to Urban Transitions. Journal of the American Water Resources Association (JAWRA) 53(5):1095-1120. https://doi.org/10.1111/1752-1688.12557




GAMUT: Data Work Flow

Database Server Web Server

LoggerNet Server

LoggerNet
Backup ODM
Streaming
(i) e Base Data
m Station Loader
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Datal.ogger
Text Files

Time Series Display
(and other plot types)
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WaterOneFlow
ODM Tools Python Web Services

CUAHRSI

H | S Jones, A.S., J. S. Horsburgh, S.L. Reeder, M. Ramirez, J. Caraballo (2015). A data management
and publication workflow for a large-scale, heterogeneous sensor network, Environmental
Sharing hydrologic data Monitoring and Assessment, 187:348, http://dx.doi.org/10.1007/s10661-015-4594-3.




GAMUT: Accessing Sensor Data

HydroShare:

Data available in flat files

csv) and updated daily

S HYDROSHARE

iUTAH GAMUT Network Raw Data at

Todd's Meadow Climate Site (RB_.TM_C)  [Ealid

R ]
Authors: IUTAH GAMUT Working Group
Owners: IUTAH Data Manager
Resource type:  Generic
Created: July 19,2016, 7:24pm.
Lastupdated:  Oct. 27,2016, 9:46 am by IUTAH Data Manager
Abstract
This dataset contains allof the the iU’ uT i ite near

Todd's Meadow (RB_TM_C). Each file contains a calendar year of data. The file for the current year is updated ona

daily basis. The data values were collected by a variety of sensors at 15 minute intervals. The file header contains

the site. ¢ and method h column.
How to cite
Group,1.G. (2016) IUTAH GAMUT Network Raw Data at Todd's Meadow Climate Site (RB_TM_C), "]
15a6ec0741d02
This resource it the Creative C: ibuti CBY.

http://creativecommons.org/licenses/by/4.0

Sharing status: m Dk P

¥ Shareable

You are the owner of this resource.

Subject
GAMUT | | RedButte Creek | climate | precipitation | rawdata | | snow | ( soil |  time series

Content

‘ data/contents/IUTAH_GAMUT_RB_TM_C_RawData_2015.csv

160M8

‘ data/contents/iIUTAH_GAMUT_RB_TM_C RawData_2014.csv
181M8

E data/contents/IUTAH_GAMUT_RB_TM_C_RawData_2013.csv
20M8

. data/contents/IUTAH_GAMUT RB_TM_C RawData_2016.csv
129M8

[CNCNCNC

Time Series Analyst:

Web interface, map and
plot tools, and data export

ata eanopacor o e

Stte o
s

Vi s

[EpT—

@ 8 WataTamp_ BXO: Temperatre
Lo v s

@amn@o‘ J

Web Services:
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GAMUT: Quality Control of Sensor Data

» Sensor Drift
Calibration

ouling

* Power Failure
lcing
Anomalies

File | Plot | Edit | View

ontinuous, high frequency data require post processing
odifications to correct for common data errors

per Titer)
"
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Recording Options

!
New Open Save
Script_Seript _ Script

Add  Delete
Point _Point

Fiter Reset Change Interpolate um. Flag
Points Selection Value

Logan River at Mendon Road (600 South)

A
10203 L0203 cep® 201

AU )

X=1ul 29, 2014 02:30, Y= 12.9183 (Oxygen, dissolved (miligrams per liter))

2014
sep 2>

A
o092

Python Console.
File Edit View Options Help

=B8x

ODMTools Python Console
Python 2.7.8 |Continuum Analytics, Inc.| (default,
Jul 2 2014, 15:12:11) [MSC v.1500 64 bit (AMD64
)1 on win32

Type "help", "copyright",
for more information.

mcredits® or "licensen

>>> edit_service
dmcool troller.logicEditTools.EditTool

instance at 0x0000000021B10FCE>

>>> edit_service.filter_value(2.0, '<')

>>> points = [

[datetime.datetime (2014, 8, 11, 1, 0),
datecime.datevine (2014, 8, 11, 1, 15), davetime.
datetime (2014, &, 11, 1, 30), datetime.datetime(
2014, &, 11, 1, 45), datetime.datecime (2014, 8, 11
, 2, 0), datetime.datetime (2014, 8, 11, 2, 15),
datetime.datetime (2014, &, 11, 2, 30), datetime.

datecime (2014, &, 11, 2, 45), d datetime (
2014, &, 11, 3, 0), datetime.datetime (2014, 8, 11,
3, 15), datetime.datetime (2014, 8, 11, 3, 30),
datetime.datetime (2014, &, 11, 3, 45), datetime.
datecime (2014, &, 11, 4, 0), datetime.datecime(
2014, &, 11, 4, 15), datetime.datecime (2014, 8, 11
, 4, 30), datetime.datetime (2014, 8, 11, 4, 45),
datetime.datetime (2014, &, 11, 5, 0), datecime.
datetime (2014, 8, 11, 5, 15), datecime.datetime(
2014, g, 11, 5, 30), datetime.datetime (2014, 8, 11
, 5, 45), datetime.datetime (2014, 8, 11, 6, 0),
datetime.datetime (2014, &, 11, 6, 15), datetime.
datetime (2014, &, 11, 6, 30), datetime.datetime(
2014, &, 11, 6, 45), datetime.datetime (2014, 8, 11
, 7, 0), datetime.datetime (2014, 8, 11, 7, 15),

Edting a new file

=8x

Execute Il Execute Selection Il

Execute Line

16

4 #series_service = i fon_string="mssql+p “@iUT,
5 edit_service.filter value(2.0, '<')

€ edit_service.resec_filter()

7 #Perform linear drift correction based on calibratioon 8/13/14

8 Fpoints = [

Lusu.edu/iUTAH_Logan_OD")

edit_service.select_points([], points)
edit_service.drift_correction(0.075)
#Tnterpolate anomalous points

oints = [
edit_service.select_points((], points)
edit_service.interpolate ()

#Flag period of sensor malfunction
edit_service.filter_value(2.0, '<')

m

4

| Series: mssql://Amber@iUTAHdbs.uwrl.usu.edu/iUTAH_Logan_OD.

Editing anew file |

datecime.datetime (2014, &, 11, 7, 30), datetime.
datetime (2014, &, 11, 7, 45), datetime.datetime(
2014, 8, 11, 8, 0), datetime.datetime (2014, 8, 11,
8, 15), datetime.datetime (2014, 8, 11, 8, 30),
datetime.datetime (2014, &, 11, 8, 45), datetime.
datetime (2014, &, 11, 9, 0), datetime.datetime(
2014, 8, 11, 9, 15), datecime.datecime (2014, 8, 11
, 9, 30), datetime.datetime (2014, 8, 11, 9, 45),
datetime.datetime (2014, &, 11, 10, 0), datetime.
datetime (2014, 8, 11, 10, 15), datetime.datetime(
2014, €, 11, 10, 30), datetime.datetime (2014, 8,
11, 10, 45), datevime.datetime (2014, 8, 11, 11, 0
), datecime.datetime(2014, &, 11, 11, 15),
datecime.datetime (2014, &, 11, 11, 30), dacetime.
datetime (2014, &, 11, 11, 45), datetime.d (

2014, 8, 11, 12, 0), datetime.datetime (2014, 8, 11

ODMTaools Python Console

| Python Console x| Table View

Horsburgh, J. S., Reeder, S. L., Jones, A.S., Meline, J. (2015). Open source software for visualization and quality control of continuous
hydrologic and water quality sensor data, Environmental Modelling & Software, 70, 32-44, doi:10.1016/j.envsoft.2015.04.002.




— Monthly sampling: 2013-2014
— Biweekly sampling: 2014-2016

* Variables: TSS, VSS, species of
Nitrogen and Phosphorus, Total

Coliform, E.coli, DOC, Fluorescence,
Chlorphyll-a, Isotopes, lons
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Social Water Science Data: Considerations

PRIMARY
* Developed

methods for
categorizing social
science data

Y - NOT '
Dimensions help HUMAN <@=—=——RESTRICTED == HUMAN

us understand SUBJECTS SUBJECTS
mechanisms and

restrictions for how
soclal science data
can be shared

QNmEétRKWEb

€9
UNRE TR\G«

SECONDARY

Flint, C.G., A.S. Jones, J.S. Horsburgh, 2017. Data Management Dimensions of Social Water Science: The iUTAH Experience.
Journal of the American Water Resources Association (JAWRA) 53(5):988-996. https://doi.org/10.1111/1752-1688.12568




Social Water Science Data: Visualization

| ] ] 1 ] 1 ] - J X \
° V|Sua||zat|on Of pu b“C T — o ——

Intercept survey results
Sommy o pcee. - BN -

» (Generic and reusable T pew—
survey template

¢ O pe n SO u rce COd e 7 Concematng  + O .

Nearby Mountain Rivers
and Lakes

Groundwater Beneath - ‘ . O
Community

Familiarity with How Much @ ‘

Household Spends on

Water Each Month

Has Lawn Where They Live

Person Responsible for

_—
UTAH WATER
SURVEY

http://data.iutahepscor.org/surveys/

Jones, A. S., Horsburgh, J. S., Jackson-Smith, D., Ramirez, M., Flint, C., Caraballo, J. (2016). A Web-based, interactive visualization tool for social environmental
survey data, Environmental Modelling & Software, 84, 412-426, doi:10.1016/j.envsoft.2016.07.013.




@ HYDROSHARE ~ MYRESOURCES ~ DISCOVER  COLLABORATE  APPS  HELP

«.'

Sharing Di Dat
i Y T —
Share your data and odelsWwitf'eo Jga‘gu WQ
. < C O @ Secure 2b3afc29e11c41 279d6/ * 00
Sy Ste m fo r S h a rl n g a n d @ HYDROSHARE  WYRESOURGES  DISCOVER  COLLABORATE  APPS  HELP  ASOUT %
' ' ' iUTAH GAMUT Network Raw Data at Logan River at the
publishing various data i e oy st

= C fi @ nhttps://www.hydroshare.org
http://www.hydroshare.org = s | r
. An O n | i n e , Col | a bo rat i Ve < Uplozt, share,and as btaatypr:zs a(\d models. Manage who has accesstotheco&at > -
What you ca

+/  Shareyour dataanc @ D
e S | I I O e S a | l C O e v Mansgowhohall Authors: {UTAH GAMUT Working Group - IUTAH Data Manager
, , Owners: {UTAH Data Manager
. Share,access,visua Resourcetype:  Generic
models Created: May 17,2017, 7:28 p.m.
¥ Lastupdated:  June 10,2017, 11:17 p.m. by i{UTAH Data Manager
«/ Usethe web service
o -
 Publshdataandm  Abstract
plan
This dataset i for all of the vari; ed for the iIUTAH GAMUT Network Logan River at the Utah Water Research Laboratory
. " " " " / Discover and acces: west bridge (LR_WaterLab_AA). Each file contains a calendar year of data. The file for the current year is updated on a daily basis. The data values were
collected by a variety of sensors at 15 minute intervals. The file header contains detailed metadata for site and the variable and method of each
' Usewebappstovis  column.
Subject

| |
. ( Logan River at the Utah Water Research Laboratory west bridge ) ( Stream ) ( time series ) ( i{UTAH ) ( GAMUT ) ( rawdata |
y How it work e o

1

How to cite
L B u Createdata
. A b I | I ty t O O r m a | | y p u b | I S h UTAH GAMUT Working Group, . 0. Manager (2017 1UTAH GAMUT Networl Raw Dataat Logan Rivera the Utah Water Research
Laboratory west bridge (LR WaterLab_AA), , http://wwwl y 11c41: 9d6
Collect your data using
same methods you use This resource is shared under the Creative Commons Attribution CC BY License. http://creativecommons.org/licenses/by/4.0/

e suopartsa/
[ th D O | [ https://wenw.nydroshare.org/#home-page-carous m
W I a Sharing status:

& Public




S —— <
QAGU
{UTAH precipitation ions and nitrogen stable isotope ) . §

Journal of Geophysical Research: Biogeosciences

composition [

RESEARCH ARTICLE

Abstract

[cHCHCHCHC)

GHIDRISHARE v roscun T %

IUTAH jons and nitrogen stable isotope

Howto

Hall, S. (2016). iUTAH precipitation ions and nitrogen stable isotope composition,
HydroShare, http://dx.doi.org/10.4211/hs.7ce47150ee344d4e95f2fd7bb4f660ac

Steven verified his
data and metadata
were correct but
kept the data private

Steven submitted
his paper for
publication and
responded to

reviews

A

Steven published
his data in
HydroShare and
received a DOI

With a little help,
Steven deposited his
dataset in the online

HydroShare repository

Steven collected

The Steven Hall Story

Subject

0000
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Hydroinformatics Course

3 to 5 partner universities
30 - 45 students total across the campuses
We focus on:
 Data and the data life cycle
» Databases and data models
« Data visualization, transformation, analysis,
and modeling
Technologies we use:
 Relational database management systems
* Structured query language
 Python Programming
R Statistical Computing

THE
U UNIVERSITY
OF UTAH®

UtahState

University.

‘My team used basic concepts from almost every class period and
topic section in our term project. It was cool to see how all the
individual skills added up to help us create and maintain hydrologic
information.”




Creating the next generation of “Cyber-
savvy" engineers and scientists

Prototyping and developing new software
applications

Collaborating with iIUTAH scientists
Co-authoring Cl-related papers

Gaining practical experience and improving
job prospects




Questions?

Open Source Code Repositories

WEBTSA - GAMUT time series data visualization

'_Jeﬁ: HOFSbUth = https://github.com/UCHIC/WEBTSA
jeff.horsburgh@usu.edu «  ODM Streaming Data Loader
_ _ = https://github.com/ODM2/ODM2StreamingDatal.oader
435-797-946 *  ODM Tools Python — Sensor data management and QC
= https://github.com/UCHIC/ODMToolsPython

«  ODM2 Sensor — Sensor equipment management
Amber _Jones = https://github.com/UCHIC/ODM2Sensor
amber.jones@usu.edu - {UTAH Utilities — Automated alerts, etc.
435-797-7147 = https://github.com/UCHIC/iUtahUtilities

«  iUTAH Survey Data Viewer — Visualization of survey data
= https://github.com/UCHIC/SurveyDataViewer

« iUTAH Data — Modeling and Data Federation Website
= https://github.com/UCHIC/iIUTAHData




