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Challenges to Managing Sensor Data

Volume of data

Data heterogeneity
Multiple watersheds
Multiple institutions
Multiple personnel
Scale

Data quality assurance
and quality control
Standardize data
editing

Synchronize timing,
data access, equipment
tracking

Rain, Snow, and Soil water and
Climate Sapflux chemistry




Gradients Along Mountain To Urban
Transitions (GAMUT) Network
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Gradients Along Mountain to Urban
Transitions (GAMUT) Network

Climate/Terrestrial Sites

Manufacturer Instrument

Variables Measured

Campbell HC2S3

Apogee ST110
Campbell CS106

RM Young 5303

Geonor TB-200

Judd Depth Sensor

Hukseflux NRO1
Apogee SP-230

SQ-110

SI-111

ACC-SEN-SDI

CS210
18166

Air Temperature and Relative
Humidity

Air Temperature
Barometric Pressure
Wind Speed/Direction
Precipitation

Snow Depth

Incoming and Outgoing
Shortwave and Longwave
Radiation

Incoming Shortwave
Radiation

Incoming and Outgoing
Photosynthetically Active
Radiation

Surface Temperature

Soil Moisture, Temperature,
and Conductivity at 5 cm, 10
cm, 20 cm, 50 cm, 100 cm
below ground

Enclosure Humidity

Enclosure open door sensor

Aquatlc Sltes‘

Sonde
housing

housing

Stage plate

Manufacturer Instrument Variables Measured
YSI 599100-01 Dissolved Oxygen
vsi 599870-01 Specific Conductivity and
Water Temperature
YSI 599795-02 pH
Fluorescent Dissolved
= SRR SO Organic Matter (fDOM)
Ysi 599102-01 Blue Green Algae and
Chlorophyll a
Water Depth and Wat
Campbell  CS451 U g Clel s
Temperature
FTs DTS-12 Turbidity and Water

Temperature




Gradients Along Mountain to Urban
Transitions (GAMUT) Network
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GAMUT Data Workflow
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Sensor Data Acquisition

MDF LoggerNet Server MDF Database Server
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Datalogger Program Updates

Planned Update Data for 1-2 Urgent Update Some data™
for addition/deletion of long time steps for diagnostic or may be lost
term variable, adding tables for may be lost in troubleshooting under this
adamptive sampling, etc. this process purposes scenario!

Technician

Technician

modifies Technician modifies Technician
datalogger documents datalogger documents
program. changes and program. changes and
ni\?/vs:s:‘eﬁse Cr::::ggﬁ)'g If?le. Saves itas a rationale in
o bass & d:la;glgic;s:.lc changelog file.
sub-version

Uploaded to

®n.iUTAH S

Uploaded to

E®.ilTAHSS

If available, Jeff
or Amber will:
-Download data to
Loggernet Server just
prior to diagnostic
program being sent.
-Pause Streaming
Data Loader.

Technician communicates
with other technicians,
ensures that all sites are
running same baseline
program. o

Technician notifies Jeff
and Amber via email.

Jeff or Amber performs the following
on the LoggerNet Server:

-Downloads latest data from the site.

If there is no centra
data download prior
to sending new

J,

and Amber via email.

(@) Technician sends diagnostic
program to site.

% Technician notifies Jeff

program, all data not
yet loaded to
database will be lost.

Site is taken offline
Itis assumed that
any data collected

during this period will
not be stored in the
database.

Technician downloads data
I‘I resulting from diagnostic
program if it is to be saved.

-Runs the Streaming Data Loader.

@) Technician sends regular
program to the site.

-Pauses the Streaming Data Loader.

o ui P

-Moves the old datalogger file into a backups folder.

-Sends the new datalogger program to the site

»

-Modifies the Streaming Data Loader to account for

).

Technician notifies Jeff
v. ‘ and Amber that site is

back to normal operation.

any changes to the datalogger file.

-Restarts the Streaming Data Loader.

Jeff or Amber notifies technician
that process is complete.

. Jeff or Amber restart the Streaming
ﬁj Data Loader for the site.




Data Loading and Storage
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CUAHSI

Data Loading and Storage

Sharing hydrologic data

Monitoring Site Locations Diagram Key ODM Version Data Sources
SpatialReferences - -
(M) Spa':i:ReferencelD {PK} Sites Cardinality Sources ISOMetadata
(0) SRSID Reflatlong » (M) SitelD {PK} Table 1.1 Oneand only one (M) SourcelD {PK} (M) MetadatalD {PK}
(M) SRSName P (W) SiteCode (M) Field cannot be null Y ODMVersion (M) Organization « DescribeSource 1.1 |(M) TopicCategory
(0) IsGeographic - (M) SiteName (O) Field can be Null 1. One or many (M) Version Number (M) SourceDescription w (i) Thie
(0) Notes 0..* (M) Latitude 0.* Zero or many (O) SourceLink (M) Abstract
(M) Longitude 0.1 Zero or one (M) ContactName 0. (M) ProfileVersion
1.1 e N, (M) LatLongDatumID {FK} (M) Field cannot be null " (M) Phone = (0) MetadataLink
eferencel.ocalCoords 0..* |(O) Elevation_m (O) Field can be Null (M) Email -
0) VerticalDatum (M) Address 5
(O) LocalX 1.1 (!I‘I)City 2
VerticalDatumCV/| 1. 1 (O) LocalY (M) State £
(M) Term Definescv»  0..*((Q) LocalProjectioniD {FK} 1.1 Observation Values (M) ZipCode S
m L " |(O)PosAccuracy_m (M) Citation o
(O) Definition (0) State (M) MetadatalD {FK} 1.1 |TopicCategoryCV
<« Generate
(0) County Locate » (M) Term
7 (O) Comments « Creat (O) Definition
(M)s;:er;ypecv L1 Definescyp LIPS -
efines| I *
it 0.* 0.rf 0. o..'l
(O) Definition
DataValues Data Collection Methods
(M) ValuelD {PK}
R M) DataValue
Units Offsets e ((O))\/alueAccuracy o « Resultin i Methods LabMethods
(M) LocalDateTime — (m) me::"’g:)u {PK} " (m) ta:xelhodlD {PK}
M) U 0 (R DescribeOffsetUnits » OFSBITYBes ] (1 ocatonors| [ DateTimeUTe () ek (1 Laborganizn
(M) UnitsID {PK} (M) OffsetTypelD (PK} P10l (M) SitelD {FK} ) 1..1 |(M) LabMethodName
(M) UnitsType 15 0..* |(M) OffsetUnitsID {FK} (0.1 (@ (M) Vari D (FK} 0.+ ¢ DefinesCV (M) LabMethodDescription
(M) Units AL broviation (M) OffsetDescription (0) Offsetvalue (0) LabMethodLink
(O) OffsetTypelD {FK}
1.1 1.1 DescribeTimeUnits » (M) CensorCode CensorCodeCV Samples @~ < Analyze
s 1.+ ) QuahfierlE((;l}g 1. 17| Term 0..1 [(M) SamplelD {PK}
2 (M) -1 (0) Definition (M) SampleType * 4« DefinesCV [SampleTypeCV
DescribeVariableUnits » % ((g)) zourcle:g((;()) M) L ode 0.. Uec) " T:rm yp
amplel M) LabMethodID {FK] iti
& (0) DerivedFromID () {F (O) Definition
5 (M) QualityControlLevellD {FK} AreDerivedFrom »
Variables 0| 0.5 1.*
SeriesCatalog
VariableNameCV| ; 4 0.* 0.* DerivedFrom Value Grouping (E):elnﬁ)s\%((PK)
(M) Term Variables = (M) DerivedFromID {FK} EP; s:IZCOge 4
(O) Definition (M) VariablelD {PK} 2 (M) ValuelD {FK} 0.* Groups 0.4 « Describe (P) SiteName
DefinesCV» () variableCode 1.1 a (M) GroupID {FK} (P) SiteType
v M) Vari ) (M) ValuelD {FK} (P) VariableID {FK}
1.1 O, 2rere o (P) VariableCode
(M) Term —| - m:‘slz::';:m"sm(m) - " (P) VariableName
(0) Definition DefinesCV » - (P) Speciation
( i L ciation
0. |(M) ValueType « Group GroupDescriptions Ei;za[!aﬁleﬂ“ffs',\?a(r::)
SampleMediumCV| , , " |() IsRegular (M) GrouplID {PK} (P) SampleMedium
(M) Term —l DefinesCV »  |(M) TimeSupport () GroupDescription (z)¥a\uesType
(O) Definition M) TimeUnitsID {FK! (P) TimeSupport
0. :M: D'a';':.r;';: FK} Q (P) TimeUnitsID {FK}
ValueT) vV (M) GeneralCategory 2 = [ Dottt
Yi 1.1 N . - (P) DataType
(M) Term = (M) NoDataValue Q Categorical Data @ Data Qualifiers (P) GeneralCategory
(0) Definition o+ o+ o :?':- 3 <« Qualify (P) MethodID {FK}
DefinesCV » - . @ < (P) MethodDescription
<] 2 (P) SourcelD {FK}
DataTypeCV einoscy é,'; 5 (P) Organization
(M) Term el efinesCV'» S g QualityControlLevels ™ (P) SourceDescription
(O) Definition 3 0.1 Categories pe) LY Califfers (P) Citation
8 M) VarlablelD (FK 5 1..1 |(M) QualityControlLevellD {PK} (M) QualifierlD {PK} (P) QualityControlLevellD {FK}
- 0. (M) VariablelD {FK} (M) QualityControlLevelCode (0) QualifierCode (P) QualityControlLevelCode
GerneralCategoryCV| 1 4 DefinesCV » = (M) Datavalue (M) Definition (M) QualifierDescription (P) BeginDateTime
(M) Term (M) CategoryDescription (M) Explanation (P) EndDateTime
m. (P) BeginDateTimeUTC
(O) Definition (P) EndDateTimeUTC
(P) ValueCount

Horsburgh, J. S., D. G. Tarboton, D. R. Maidment, and I. Zaslavsky (2008), A relational model for environmental and water resources data, Water Resources Research, 44,
W05406, doi:10.1029/2007WR006392.



Data Loading and Storage
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Web-Based Data Access
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Web-based Data Access

(. Rlative Huidty, AH_enc
Indiator, Door_Tot
Battery vottage, Batvot
Srow depth ducaDepth Ag €D
Termperaturs, WaterTomp_Tub @

) Temperature, WaterTemp_£XO €D

Show more
Quality Control Level v
) Raw data

Sharing hydrologic data

hm Modeli d Data Fed i
[ data.iutahepscor.org/LoganRiverWOF/WaterML_1_0.aspx Q) innovative Urban Transitions and Aridregion Hydro-sustainability
Hom Development Invento ta About
CUAHSI WATERML WEeB SERVICES FOR ODM v1_1 DATABASES
Home  WaterML1.0  WaterML1.1  WaterML20  DataCart WFS  Admin
Red Butte Creek
WaterML s delivered over a SOAP AP, caled *WaterOneFiow". In this version, the API s updated to include a REST endpoont
- s Red Butte Creek watershed is 18.8 km2 with eo0o i =
There are two methods I these services:
elevations between 1500 and 2400 m. Average (1> ] [O] (2] [ +]6 data.iutanepscor.org ¢ Lgeaie JO]
« ResT annual streamflow ranges from 0.058 m3/s to 0 Google o R
* SOAPAPI 0.416 m3/s. Red Butte Creek originates in the G
Test the Rest Interface mountains of northeastern Salt Lake County, and
Sta: Red Butte Canyon is a Research Natural Area
[ managed by the U.S. Forest Service. Red Butte © Map @ Datasers Visuaization
« C [} data.iutahepscor.org/LoganRiverWOF /REST /waterml_1_1.svc/siteinfo?location=iutah:LR_Wat] Reservoir, initially built to supply water to Fort - )‘ P
Begn Date: 1 Douglas, is currently used as a habitat for June #Plot Options
“This XML fle does notappear t0 have any sty information asociated with it The documen tee s shown below. 104
sucker fish that are transported to other e ek
End Date: ivesmomponse sl R o watersheds in the Wasatch Front. After exiting the
canyon, the Creek makes a rapid transition to ° Begin Date 5/1012014
Generate veoritoria NethodCalleds"Getsitetnio®> 102
VariableURL | [ Site + Series URL ] [ Values URL ] [All Sites URL iutansia Natesiab mA/ built-out, urbanized land use through the End Date 102014
Generated UAL: University of Utah campus and into Salt Lake City
before discharging to the Jordan River. o ‘ Visuazation T s +
Run the Generated URL |
Zogen River at the Utah Water Research Laboratory west bridge m
WaterML is delivered over @ SOAP AP, called “WaterOneFiow'. ¥| CeEiocods natworke"1Lutah siteion"1">1a Nateriab ANC/oitecoden
v<geoLocation> - - Monitoring Sites: click on a site code to visualize and download data 0 ’ =
There are two methods i these services: Vegeoglocation xsistypesLationFointaype™ = Legend
<latitudess1. 73903</ Lat ttude> The data presented here is provisional and subject to revision
<Longitude>-111.795742¢/ Longi tude> W 0DO: Oxygen, dissolved
Sires Aiver ister Ressar oo , Site Code Site Name Site Type S ) 78,06, 84 Cotams Gove Basio Aqatc
utah:LR_WaterLab_AA] Logan Rver at the Utah Water Research lovetion mlas/erension : 3 o B WelerTormp_EXO: Tomporain
P ey I REKE_8A Knowlton Fork Aquatic ‘Aquatic H g RB.CG_BA: Cotiams Grove Basio Aquatc
futahiLR_TWDEF_C] Cimate Staton at TW Dane's Expermenta | Giterroperty namee-give comenarss RBKF.C Knowlton Fork Climate Climate H .2
[utahiLR_GC_C] Cimate Station at Logan Rver Gof Course itaprogarty e~ = £o B summary Statistcs
v<seriosCatalog menuGroupiane="Local 0D Getvalues® serviceHsdl="http:/ /i . ned REARERAA FRed Butte Creek Above Red Butte Reservolr Advanced Aquatic Aauate i Athmatic Mean o35
erios> &
RBARBR C Red Butte Creek Above Red Butte Reservoir Climate Climate £
1ax " defaulte"true variableIo='si >Battvolt</variablecode> Sy 0 Geometric Mean 4
variablenane>attery voltages/varisbleNans> RE_REG_BA Red Butte Creek Gate Basic Aquatic 606
B - Maximum 1046
<datazypescont nuona</datazyy RECGBA Red Bute Creek at Cottom's Grove Basic Aquatic (4 () (2] (] © sta uanepscorog
<eampLoeaiomon Relavant<)samplckedion D & Google g 50 . Minimum 838
it 8B GIRE_C Green Infrastructure Climate ‘
<unitNane>vol toc/uni nane>
Standard Deviation 042
<unitTypasPotontial Ditference/umiType> " " "
<unitoype-otential piterences/uniery 8B FD_AA Red Butte Creek at Footill Drive Advanced Aqual
Phirtnd RE ARBR_USGS | USGS Gage 10172200 above Red Butte Reservolr a5 . 10% 857
Zaobatavalues-5999</aovatavaluc> -
VaniAsLes [Brrictryt \ | 5% ass
" . it < \
[utahiArTemp_Avg) Temperature “unttameominutes/unitysmes Median, 50% 929
wtah:RH] Reatve Hum dty <anitrypesTine< /unitType o6
e g @ Red Butte Creek @ 7
futah: DewPt_Avg] Tempersture, dew pont “unitAbbreviat ionmiat/ani tAbbroviation 75% 057
<unitCode>102</unitcode> @ Logan River @
</unit>
<tineSupport>0</t esupport> PPN | s project s funded through £25 - 12007 SR @ 0% o4
</tinescater U ’|' A H . X () USGS Groundwater @ as
[Speciation ot Applicablec/speciaion B | e rethoce o the Gy Wed1a 12PM Thi15 12PM Fi16 12PM Sa17 12PM Mey1d 1ZPM Mon1d 12PM Tie20 1ZPM Wizl 12PM
</variable> ) USGS Daily e e u i lay lon e Number of Observations 2977
b valiecount> 17087 /valuecount> EPSCoR ) USGS Instantansous o oue AAAAA AN
futah:Precp_Tof v <variablemimeaterval xeistypes"TiselatervalType’> S OSSOSO
utah:Precip_Freq) Preciptaton i — T 0 v
futah:JuddDepth_Avg] Snow deoth SondbateTines 2014 03 T 45500 endaterine ED 2 May 11 Tuni3 ThGTS Saiif Mon1d Wed2l FiZ3 MayZs Tuezr Thuzd Saisdne Tue0d ThGOS Saior Mon09 Wed i
[utah: g\xﬂ:grmg] i%._ ondoase ‘ () Todds Meadow Climate D
fufanSWin_NRO1_Avg] Radaton, ncomng shorwave Sfrasissierimantal Knowton Fork Climate
tah:SWOut_NRO1_Avg] Radation, outgong shortwave . g O Green Infrastructure Giimate g
utah:LWin_Cor_NRO1_Avg] Redaton, ncoming longwave Sattery voltage neasured by a Campbell Scientific CRI000 datalogger.
futah:LWOut_Cor_NRO1_Avg] Radaton, outgong ongwave () Above Red Butte Reservoir @)
R G N Al Clmate
T ) Climate Station at TW Danie's €
Vawes/Timesenies Experimental Forest
utah:BattVor] Logan Rver at the Utah Water Research Laboratory w P
utah:RH_enc) Logan Rver at the Utah Water Research Laboratory west brdge £ Climate Station at Logan River
futah:Door_Tot] Logan Rver at te Utah Water Research Laboratory west bridge Golf Coursa -
futah:Water Temp_EXO) Logan Rver at the Utah Water Research Laboratory west bridge Show more opder
:SpCond) Logan Rver at the Utah Wiater Research Laboratory wes? brdge . -
futahpH) Logan Rver at the Utah Water Ressarch Laboratory west brdge Variable Category \‘“ '/ .
utah:ODO)] Logan Rver at the Utah Water Research Laboratory west brdge O Hydrology o ik Cottams Grove Basic Aquatic
[1tah:0DO_Sat) Logan Rver at the Uian Wiater Research Laboratory west bridae ) instrumentat o z re.coeh
futah:0DO_Local] Logan Rver at the Utah Water Research Laboratory west brdge - Instrumentation g Networc: fed Butte.
wtahiLR_WaterLab_AA] jutah:EXOTme] Logan Rver at the Utan Water Research Laboratory west brdge Gimate o =
Jutah:LR_WaterLab_AA] futah:EXOVo't] Logan Rver at the Utah Water Research Laboratory west bridge (O Water Quality o
Variable v
[0
[=o]
[=o]

T




Enhanced Web-Based Time Series
Data Access and Visualization

e 006 Time Series Analyst
@ + | @ data.i or.org/tsa ¢
Sk : : : : +
EPSCoR
Q Map E Datasets «h Visualization
- > -
260 £ Plot Options
2404 Al | LastMonth | Last Week
220
Begin Date 5/10/2014
200
180 End Date 6/10/2014
£ 160
g Visualization Histogram ~
140+
g
@
o o
100
80 ‘ = Legend
60 B ODO: Oxygen, dissolved
404 RB_CG_BA: Cottams Grove Basic Aquatic
20 B WaterTemp_EXO: Temperature
RB_CG_BA: Cottams Grove Basic Aquatic
92 93 94 95 96 97 98 99 10 101 102 103 104 105 B )
Oxygen, dissolved (mg/L) Summary Statistics
Arithmetic Mean 9.35
Geometric Mean 4.7
Maximum 10.46
Minimum 8.38
Standard Deviation 0.42
2
£
g 10% 8.57
R
a 25% 8.95
Median, 50% 9.29
75% 9.57
90% 9.74
Number of Observations 2977
11 1M 12 12
Temperature (degC)




Sensor Data QAQC
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Development of a QAQC Plan

Qua I |ty ASSU France.: Qua | |ty Contr0| . “occurs after the data are
“...protocols developed and adhered to in a generated and tests whether they meet the necessary
way that minimizes inaccuracies in the data produced ... requirements for quality outlined by the end users.”
produces high-quality data while minimizing the need for

corrective measures to improve data quality.” *  Data Qualifiers and Flagging

*  ODM Tools Python (data management software)
*  Site Standardization

. Data Curation (Datalogger Programs
and Files, Data Averaging, Database Structure,
Equipment Management)

*  Quality Control Levels
. Data Processing Steps

¢ Replicate Sensors ‘USUvLBR"’alndlu‘vLilllf Bear River Hollow near Paradise, Utah T USULBR-SFLower - South Fork Little Bear River below Davenport Creek near Avon, Utah
*  Factory Maintenance 1 Sensor drift and

. . 4 i calibration shift
. Field Maintenance Schedule and Procedures ! , i

) ) ) . Sediment i N
*  Field Calibration Schedule ¢+ sensorcup i r\/\/\/\ NV

and Procedures ) iL , _

. Manual Data Monitoring T USU-LBR Mendon - Litle SearRiver ot Mendon Road nesr Mendon, Uiah
*  Automated Data Monitoring and Alerts Strange ©) o \ Dead battery

anomalies () 0

My
- \

*  Recording Events

USU13 - Gage height ()

USU36 - Temperature (unk)

Date Date

Campbell, J. L., Rustad, L. E., Porter, J. H., Taylor, J. R., Ethan, W., Shanley, J. B., ... (2013). Quantity is Nothing without Quality. BioScience, 63(7), 574-585. d0i:10.1525/bi0.2013.63.7.10



QAQC: Automated Alerts

iUTAH Data Alerts <data.alerts@usu.edu>

Technicians receive email alerts daily

The following results are have repeated values in the past day.

SitelD SiteCode  VariablelD VariableCode DataValue Start End ValueCount
. 3 LR_MainStree 61 ODO_Sat 84.90 2014-02-17 21:15 2014-02-18 01:15 17
1. Power: batter voltage <12 volts jilyersme  oo00fe  umBumumcEwetnE I
4 LR_TWDEF_C 13 SWin_NRO1_Avg -4.88 2014-02-17 20:30 2014-02-18 00:30 17
4 LR _TWDEF_C 14 SWOut_NRO1_Avg 00 2014-02-17 18:30 2014-02-18 04:00 39
z . | f . b I . h . 4 LR_TWDEF_C 24 PARIn_Avg .00 2014-02-17 18:45 2014-02-18 04:00
. 4 LR_TWDEF_C 25 PAROut_Avg .00 2014-02-17 18:45 2014-02-18 04:00 38
[ ] Pe rs I Ste n ce . Va u e 0 a Va r I a e I S u n C a n g I n g 4R _TWDEF_C 41 SoilCond_20cm_Avg .00 2014-02-17 06:15 2014-02-18 04:00 88
4R _TWDEF_C 45 SoilCond_50cm_Avg .00 2014-02-17 06:15 2014-02-18 04:00
4 LR_TWDEF_C 48 SoilTemp_100cm_Avg -2.06 2014-02-17 09:15 2014-02-17 13:15 17
3 U d t . d t t b . t d 4 LR _TWDEF_C 49 SoilCond_100cm_Avg 00 2014-02-17 06:15 2014-02-18 04:00 88
4 LR_TWDEF_C 91 Precip_HrDiff .00 2014-02-17 19:00 2014-02-18 01:00 25
. paates: data are not being reporte w0 e e 17
5LR_GC_( 9 Precip_Tot -9999.00 2014-02-17 06:15 2014-02-18 04:45 91
5LR GC C 45 SoilCond_50cm_Avg .00 2014-02-17 06:15 2014-02-18 04:45 91

5LR GC C 91 Precip_HrDiff .00 2014-02-17 06:15 2014-02-18 04:45 91

4. NaNs: sensor is reporting “NaN” values 5oty

Additional alerts will be implemented as needed (e.g.,
variable-specific range checks, internal consistency, spatial
consistency).

USU3 - Battery voltage (V)

9 + | | L L I
t t t t } t t
26-Nov 29-Nov 2-Dec 5-Dec 8W 11-Dec 14-Dec

oaaer
86T 41

8.4 +

8.2 +

Alert!!

8.0

USU35-pH (-

7.8 1
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741 p

y y L ' ' 4
t t t t t t

30-Aug 6-Sep 13-Sep 20-Sep 27-Sep 4-Oct
Date




QAQC:

Data Visualization and Management

Multiple Plot Types

Plot Display Options

Plot | Edit | View

ate Time

50 (= 8/14/2013 @+ L r N\
& / 1 = @ 52

Show | #Hist Box Whisker Full Date o QUEW Builder

Plots Plot Options

= ] W I

Time Probablity Histogram Box/Whisker Sumﬁaw Plot

Series Type~ |Legend| Bins Type~ 3/28/2014 a- Range Date Ra n ge
. . . Field Names: Unique Values
Dynamic ) ‘ ' ' ‘ — Restrictions [Stetame NN Gear
. SiteCode ‘Little Bear River at M
Zooming and 20 Lattude
) B Longttude E‘
Panning VaricCace
o — k= g DataType
] g 3 ValueType
£ £ i Speciation
I 2 10001 § 40 2
5 r} 5 [ Is Null | [ Is Not Null |
= © €
" ) (0] (e ] N .
2 inimum: e
I ol [ And ] [ Not ] Maximum: Little

13 14 14 A A 14 14
pec2? 20 yan 08 % n2° 2 e 02 20% ce0 V7 20 war 03 2 war V7 20

SELECT * FROM [Attributes] WHERE
[SteName] = "Little Bear 11

@@ Foothill Drive Advanced Agquatic Gage height @@ Foothill Drive
@-@ Foothill Drive Advanced Aquatic Temperature

200 +@v v 1  Filters on

. Data Series
All @ Simple Filter Advanced Filter
Commit
[@] Stte RB_FD_AA-Foothill Drive Advanced Aquatic
. .
[[] Varible BattVolt-Battery voltage — B u I Id Qu e ry
SerieslD SitelD  SiteCode SiteName Variabl... VariableCode VariableName Speciation Variabl... VariableUnitsName Samp
240 10 RB_FD_AA Foothill Drive Advanc... 66 TurbMed Turbldkyi o 221 nephelometric turbidi... Sur *
[ 241 10 RB_FD_AA Foothill Drive Advanc... 67 TurbMin Turbidit Plot 221 nephelometric turbidi... Sur
[ 242 10 RB_FD_AA Foothill Drive Advanc... 68 TurbMax Turbidit"‘ . 221 nephelometric turbidi... Sur
[[] 243 10 RB_FD_AA Foothill Drive Advanc... 69 TurbVar Turbldrt“ Edit 221 nephelometric turbidi... Sur
Foothill Drive Advanc... 70 TurbBES Turbidit{ Ex 221 nephelometric turbidi... Sur=
. . port Data
T S Foothill Drive Advanc... 71 WaterTemp_Turb Tempej‘
I I I I e e rl eS Foothil Drive Advanc... 72 TurbWipe Indicatc Export MetaData
I Foothill Drive Advanc... 73 Stage Gage height Not Applicable EX p O rt D ata Se ri es
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Data Visualization and Management

Cottams Grove Basic Aquatic
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QAQC:

Above Red Butte Reservoir Advanced

Aquatic Temperature
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QAQC: Post Processing

Data Editing | ' Python Code

Tools Console
—

Nz OB «/ 2 OX

Edit Derive New Restore Save Fiter Change Interpolate Flag Add Delete Record

Series Series Points  Value Point  Point
Python Console y 4
File Edit ‘iew Options Help
Little Bear River at Paradise, Utah Gage height >>> -

>>> from odmservices.edit_service import EditService
>>> series = EditService(series_id= 171,
connection s:rlnq

. "mssql+pyodbc //ODM:odm@ (local) /LittleBearll"™)
Dynal I “C Data M i >>> series.filter value(8, '>")

>>>

10| T : : : - . : ]

o, . >>>
Edltl ng Dlsplay >>> series.get_active_points()
[(2766974, 9.04, datetime.datetime (2008, 3, 2, 11, 30)), (

mp— 2766975, 9.04, datetime.datetime (2008, 3, 2, 11, 45)), (2766376
, 9.04, datetime.datetime (2008, 3, 2, 12, 0)), (2766977, 9.04,
datetime.datetime (2008, 3, 2, 12, 15)), (2766978, 9.04,
datetime.datetime (2008, 3, 2, 12, 30)), (2766979, 9.04,
datetime.datetime (2008, 3, 2, 12, 45)), (2766980, 9.04,
7+ 4 datetime.datetime (2008, 3, 2, 13, 0)), (2766981, 9.04, datetime
.datetime (2008, 3, 2, 13, 15)), (2766982, 9.05, datetime.
datetime (2008, 3, 2, 13, 30)), (2766983, 9.06, datetime.
datetime (2008, 3, 2, 13, 45)), (2766984, 9.06, datetime.
datetime (2008, 3, 2, 14, 0)), (2766985, 9.08, datetime.datetime
6 1 (2008, 3, 2, 14, 15)), (2766986, 9.09, datetime.datetime (2008,
3, 2, 14, 30)), (2766987, 9.1, datetime.datetime (2008, 3, 2, 14
, 45)), (2766988, 9.1, datetime.datetime (2008, 3, 2, 15, 0)), (
2766989, 9.1, datetime.datetime (2008, 3, 2, 15, 15)), (2766990,
9.1, datetime.datetime (2008, 3, 2, 15, 30)), (2766991, 9.1,

Gage height(international

5f 1 datetime.datetime (2008, 3, 2, 15, 45)), (2766992, 9.09, X
Editing: Scripte Test.py bl
X ) ) ) X ) . ) ) File
4 Dec 22 2007 Jan 052008 Jan 19 2008 Feb 02 2008 Feb 16 2008 Mar 01 2008 Mar 15 2008 Mar 29 2008 Apr 12 2008 Execute Il Execute Selection Il Execute Line
Date Time 1 from odmservices.edit service import EditService
2 Clseries = EditService(series id= 171,
M weo & - connection_string = "mssgl+pyodbc://ODM:odm@ (local) /Lit
4 series.filter value(8, '>')
x|l & -
© Al () Simple Fifter () Advanced Fitter
SeriesID SiteID  SiteCode SiteName Variabl... VariableCode VariableName Spediation Variable.. VariableUnitsName SampleM
] 165 11 USU-LBR-Confluence Little Bear River below... 36 Usu36 Temperature Not Applicable 96 degree celcius Surfa ~
[ 166 11 USU-LBR-Confluence Little Bear River below... 39 usu39 Phosphorus, totalasP P 199 milligrams per liter Surfa
[ 167 11 USU-LBR-Confluence Little Bear River below... 40 Usu40 Phosphorus, totalas... P 199 milligrams per liter Surfa
[ 168 11 USU-LBR-Confluence Little Bear River below... 41 Usu41 Solids, total Suspended Not Applicable 199 miligrams per liter Surfa P h S M
= 169 12 10105900 Little Bear River at Pa... 42 usu42 Gage height Not Applicable 48 international foot Surfa yt 0 n C rl pt
[ 1 10105900 Little Bear River at Pa.. usu43 Discharge Not Applicable cubic feet per second  Surfa .
u.nmnmu Editor




Monitoring Equipment Management

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

When was the last
time we cleaned this
sonde?

What were the field
conditions of our discharge
measurement?

Has this turbidity
sensor been serviced
at the factory?

Who programmed
this datalogger?

What is this
dissolved oxygen

sensor’s calibration
history?

DIHLLNZIOS
oy STTEEGNVYD

ow long has that

H
battery been
deployed?

Which soil moisture sensor
is buried at 40 cm?




Monitoring Equipment Management

Attributes of sensors
and other equipment

(/Equipment Information

Details on datalogger

ODM2Equipment.Equipment

"~ ODM2Equipment.RelatedEquipment 1|

EquipmentiD

programs and output files

EquipmentID
EquipmentCode
EquipmentName
EquipmentTypeCV.
EquipmentModellD

ypecy
RelatedEquipmentiD

J

"~ ODM2Equipment.EquipmentModels |

EquipmentModellD

0DM2Core.People

EquipmentOwneriD

MadelManufacturerid
ModelPartNumber

PersonlD

MogelName
MagelDescription

'Datalogger Information

Datalogg

PersonMiddieName o
PersonLasthi

ProgramID
ProgrammedByID

quipi
EquipmentPurchaseOrderNumber
EquipmentDocumentationFilePath
EquipmentDescription

MadelSpecificationsFilePath
MadelLink
IsInstrument

Programhame
ProgramDescription
ProgramFilePath

iable Information

DeploymentMeasuredVariablelD
Deploymentid
InstrumentOutputVariablelo
DataloggerFiles DataloggerFieID
DataloggerFilelD
ProgramiD
DataloggerFileName
DataloggerfileDescription
DataloggerFilePath

ColumnDescription
Measurementequation
Scanlnterval
RecordingInterval
IntervalUnits
RecordedStatisticCV

iAction Information

DeploymentID.
ActioniD

DeploymentTypeCV
DeploymentDescription
DeploymentSchematicFilePath

BridgeID.
EquipmentiD
ActioniD

Information

InstrumentOutputVariablelD
lodellD

VariablelD
InstrumenttethodID
InstrumentResolution
InstrumentAccuracy
InstrumentRawOutputUnitsiD

Attributes of output
variables measured
by a sensor

(iCalibration Inform:

|~ ODM2Equipment.CalibrationEquations
CalibrationEquationID

CalibrationActionId S|
InstrumentOutputVariableld 0l
OutputVariableEquation

| OutputvVariableUncertainty o

o > ] 5 Calippoas )
on sensor ActionID ™ BridgelD
ODM2Sensors.SiteVisitActions v, c o Calbrationactont oy
oy
di epl oyments Stevisiid ActionTypeCy. CallbrationStandardID (5] eferenceMateria o

MethodID.
BeginDateTime
BeginDateTimeUTCOffset
EndDateTime.
EndDateTimeUTCOffset
ActionDescription

o
SiteVisitEnvironmentalObservations

ODM2Equipment.

ActionlD
IsFactoryService
FactoryServiceCode
MaintenanceReason

ActionID
| ConfigurationfilePath

RelationID
ActionID
RelavonshipTypecy
RelatedActionID

Details on site 0DM2Core.SamplingFeRETI

= ODM2Core.Results.

~ ODM2Core.Variables

SamplingFeaturelD.
SamplingFeatureTypecy
SamplingFeatureCode
SamplingFeatureNam:
SamplingFeatureDescription
SamplingFeatureGeotypecV.
FeatureGeometry

visits and field
activities

Information on
factory service

(z]z]=]=|=]=)

ResultiD
ResultuuiD VariablelD
FeatureActionlD Og| VariableTypeCV
ResultTypeCV VariableCode B
VariableID Oy VariableNameCV Details on
¥nl'le ettt o 35 VariableDefinition o
‘axonomicClassfier] SpeciationCV i 1
Focesmaevely W e 8 calibrations,
ResultDateTime ) t d d
ResultDateTimeUTCOMset 0
VvalidDateTime B standaras,
ValidDateTimeUTCOffset = i
Yardnes 8 || | and materials
SampledMediumCy. ReferenceMoterialValuelD
ValueCount a ReferenceMateriallD %

ReferenceMaterialAccuracy o

VariablelD

Unitsto S

CitationiD )

|~ ODM2DataQuality.ReferenceMaterials
ReferenceMateriallD

ReferenceMaterialMediumCV
ReferenceMaterialOrganizationlD *o
ReferenceMaterialCode
ReferenceMaterialLotCode
ReferenceMaterialPurchaseDate
ReferenceMaterialExpirationDate
ReferenceMaterialCertificateLink
SamplingFeaturelD

(z]=]=]=]=]

Data Model developed to
relate:
* Equipment

* Field Activities

* Deployments

* Calibrations

* Measured Variables

Datalogger Programs
Database serves as

underlying structure to
web interface.

EPSCoR

IUTA




Monitoring Equipment Management

Sites Site Visits

Manage Sites Manage Site Visits

Equipment

Manage Equipment

Amber & Logout

Vocabularies

Manage Vocabularies

Sites

Keyword
Site Code 4| Site Name Site Group Site Type
RB_KF_C Knowilton Fork Climate Red Butte Creek | Climate
RB_KF_R Knowlton Fork Repeater Red Butte Creek | Repeater
RB_KF_BA Knowlton Fork Basic Aquatic Red Butte Creek | Basic Aquatic
RB_KF_S Knowlton Fork Sapflux Red Butte Creek | Sapflux
o+ s mber g3 Logou

- Sites Site Visits Equipment  Vocabularies .
RY Manage Sites Manage Site Visits Manage Equipment Manage Vocsbularies quatic
R ic
"EN site Details
R quatic

| =
R ic
T} 4§ M= B [ wap [ sateice |
LR ten el £ & o © s,

- M@ wran Logn P
in o

P wmd ' weis
Any op) H o foide 4 the views of the
i ek &

{2) Wab deta ©2014 Google | Terms of Use  Reporta map eror
I Site Code: R_MS8_8A Latitude: 41721001 Lat/Long Datum: WGsS4

Site Name: Main Street Longitude.

Bridge Basic Aquatic
Elevation: 1377

site Type:

Deployment Measured Variables

L]

Sites

Manage ites

Site Visits Equipment

Amber @ Logout

Vocabularies

Variable Name + | Recorded Stati:
Onygen, dssaves ) . . X . )
- Deploy History of Main Street Bridge Basic Aquatic
Temperature
Oxygen, dissolved, transducer signal Keyword
Equipment Equipment "
Date 3 Manufacturer -| Model Site
[ viewsitevisits I news | Serial Number | Type
2013/12/0612:00 | 9532237 Radio Campbell RF450 Main
PM to Present Scientific Street
This maters s based ugon work supsorted .m,,..uﬁn Bridge
oy apnions, i concuson. o econmandoton, resed ansic
Aquatic
2013/12/06 12:00 25858 Datalogger Campbell CR800 Main
oM to Present scientfic street
Bridge
Basic
Aquatic
2013/12/06 12:00 BL12 Battery Power Sonic. 35 Batt Main
PM to Present street
sridge

Site Code: LR_TWDEF C

Site Name: TWDEF Climate Station
Latitude: 41.864805
Longitude: -111.50749

Elevation: 2628

Site Visit Description
Crew: Chris Cox, Jobie Carlise, Joel Martin
Begin Date Time: 2014/02/11 10:30 AM
End Date Time: 2014/02/11 12:00 PM
UTC Offset: -07:00
Environmental Observations

Map date ©2014 Google | Terms of Use Report a map error

ight to moderate snowfall.

Visit Notes: Noticed some riming on Rotronix and ST110 but did not think it was worth trying to clean.

Field Ac es Performed
Activity _| Begin End .

B X ) Description
Type Date/Time | Date/Time 4
Coupment | 204/02/11 | 2014/02/11 | Fised et sensor. | had accdentally connected the jumper resistorto
Adjustment | 10:55 AM 11:00em ground rather than VX2
Eoupment | 2010/02/11 | 2014/02/11 | Completely drained and refll Geonor bucket. | added about 1.5Lof
Agjustment | 1106 AM 1130 AM new antifreeze and new ol (roughly .25L)
Sensor 2010/02/11 | 2014/02/11 | Tried o clean sola sensars. Some i covered tne Auksaflux and
Ceaning | 11:35AM 12:009M PAR. 1 triea

s Over sty

Record site information, site visits, and field activity details
Store information on physical equipment
Track equipment deployments, calibrations, service events

This material is based upon work supported by {
Any opinions, findings, conclusions, or recommendations expressed

AL, o |

Deployment Details

Create New Deployment
Equipment Description

Equipment Serial Number:
GO T
Model Name: £x020H
Description: S oH probe
Purchase Date: 2012/11/12

Equipment Notes:

Link:

Owner Institution: Utah State University
Owner Contact: Chris Cox

Owner Address:

Owner Phone: 505-250-5885

Emails chris.cox@usu.edu

121100807

Deployment Description

Site: Below Jordanelle Aquatic

Deployment Begin Date: 2013/09/25 10:00 AM
Deployment End Date: 2013/11/26 01:00 PM
See Retrieval Information
Deployment UTC Offset:
Currently Deployed: N
Deployment Type: Fixed monitoring

-07:00

Deployment Notes:

loge:

Horizontal Offset Units ID:
Horizontal Offset Value:
Vertical Offset Description
Vertical Offset Units ID.
Vertical Offset Value:
Parent Equipment: EX025onde
Deployment Schematic: [

Measured Variables

No content found.

[ oo I o siovar ]

Notes:

Owner Information

Contact: Joe Crawford

Institution: Brigham Young University
Address:

Phone: 435760-8334

Email: joe crawford@byu.edu

Manufacturer Information.
Name: Rotronic

Contact Name: unknown
Address:

Email:

Website: www.rotronic-usa.com
Phone:

Vendor Information
Name: Campbell Scientific
Contact Name: Kevin Rhodes
Address: 815 West 1800 North, Logan, UT 84321
Phone: 435.227.9000

mail
Website

hito:\\www campbellsci.com

Amber & Lo
- Sites Site Visits Equipment Vocabularies
Amber & Logout Manage Sites Manage Site Visits Manage Squipment Manage Vocabularies
Sites Site Visits Equipment Vocabularies
Manage ites
Equipment
Site Visits
[ ewsevit_] e
Keyword
Site Serial Number 4| Type Model Manufacturer Owner
Date | site Name Crew
Group 6500000 Sensor 5DI1-12 Soil Acclima, Inc. Chris Cox
2014/02/11 TWDEF Climate Station Logan River | Chris Cox, Jobie Carlise, Joel Martin p— Sensor D112 Soll “acelima, Inc. Chris Cox
10:30 AM
2014/02/05 TWDEF Climate Station Logan River | Chris Cox, Allison Chan s S WA acclimaiingy chaisicox
10w 6500842 Sensor 5DI1-12 Soil Acclima, Inc. Chris Cox
2014/02/03 Golf Course Climate Logan River | Chris Cox " = :
P 6500843 Sensor 5DI1-12 Soil Acclima, Inc. Dave Eiriksson
2014/02/03 6500844 Sensor SDI-1Z2p5it T P
e, Amber @ Logau
. . N X 6500845 Sensor DI-1Z . .
2014/01/31 ™ Sites Site Visits Equipment Vocabularies E\‘t:im S\t"gxg‘gwutf 5?"31
335 ot MonsgeSites  MansgeSteVists  Manoge fauioment  Manage Vocabularies 6500846 Sensor SDI-13
2014/01/28 G 6500847 Sensor 5DI-12
03:00 PM . L N i Details
Site Visit Details 6500848 sensor SDI-1Z
2014/01/24 ™
01:00 PM 6500849 Sensor SDI-1Z =
EditsiteVisit Description J  Delete  J{  View Full Visit History for thissite iption
6500850 Sensor SDI-13 Serial Number: 61012151
0 s [ wap [ sattie | sn0Rst ey nit
Tzt = Campoiound ity and temperature
Ay opinions, findings, conclut + . e e
= Lewis M. Tumer Purchase Date: 2013/04/02
col Order Number: 152016

Deployment Deseription: This is the pH sensor installed on the sonde.

Horizontal Offset Description: The sonde and the sensors were Installed about 34' away from the data

New Deployment Measured Variable




Monitoring Equipment Management

Equipment
¢ Model
¢ Serial number
* Owner
* Vendor

¢ Service histor
Y * Method

e Standard

Deployments

;

Site Visits
RS

175

Time Series
* Location .
" ot _ 3 - Observations
ate * Deployment type
° Peopl.e‘  Activity type * Description
* Conditions * Description * Dates f=

¢ Date e Offsets

JJJJJJJ



Open Source Code Repositories

ODM Tools Python — Sensor Data Management
— https://github.com/UCHIC/ODMToolsPython

ODM2 Sensor — Sensor equipment management
— https://github.com/UCHIC/ODM?2Sensor

ODM Streaming Data Loader
— https://github.com/UCHIC/ODMStreamingDataloader

WEBTSA — Time series data visualization
— https://github.com/UCHIC/WEBTSA

GitHub




Summary

* Researchers are collecting more data using in
situ sensors at multiple sites

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

* The tools described have sped the time from
collection to analysis and facilitate sharing and
publication of the data
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