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Challenges to Managing Sensor Data

Rain, Snow, and Soil water and
S Climate Sapflux chemistry

N d

® 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



Gradients Along Mountain To Urban

Transitions (GAMUT) Network

= Ecohydrologic observatory

deployed in 3 watersheds
in northern Utah, USA:
Logan River, Red Butte

........... id River Creek, Provo River

Logan River

= Watersheds with similar
water source (high
i3 elevation snow) but
different land use
transitions

Red Butte
Creek

} = Measures aspects of
%) water inputs and outputs

= 44 and water quality over

4 UtahLake- mountain-to-urban

el a.F gradient

;; ;_\& = Mix of aquatic and

4 sz || terrestrial in situ and re-
Al rovo River

locatable sensors
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Gradients Along Mountain to Urban

Transitions (GAMUT) Network

Climate/Terrestrial Sites

Manufacturer Instrument Variables Measured

Air Temperature and Relative

Campbell HC2S3 Sy

Apogee ST110 Air Temperature
Campbell CS106 Barometric Pressure
RM Young 5303 Wind Speed/Direction
Geonor TB-200 Precipitation

Judd Depth Sensor Snow Depth

Incoming and Outgoing
Hukseflux NRO1 Shortwave and Longwave
Radiation

housmg

Incoming Shortwave

Apogee SP-230 Radiation Sond.e Stage plate
Temp/RH, il Incoming and Outgoing hausing
S Photosynthetically Active Manufacturer Instrument Variables Measured
“#Precipitati Radiation .
[ SI-111 Surface Temperature YSI 599100-01 DISSO|Ved Oxygen
Soil Moisture, Temperature, Specific Conductivity and
g YSI 599870-01
ACC-SEN-spj  2nd Conductivity at 5 cm, 10 Water Temperature
cm, 20 cm, 50 cm, 100 cm
below ground YSI 599795-02 pH
€210 Enclosure Humidity Fluorescent Dissolved
18166 Enclosure open door sensor = >99101-01 Organic Matter (fDOM)
Blue Green Algae and
YSI 599102-01 Elermal @
Water Depth and Water
Campbell 5451 Tempera t';re
Turbidity and Water
FTS DT5-12 Temperature




Gradients Along Mountain to Urban

Transitions (GAMUT) Network
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GAMUT Data Workflow
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Sensor Data Acquisition

~
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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
ovestse | ustonsen
o bass & d:la;g:;c;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
i’ Data Loader for the site.




Data Loading and Storage
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Monitoring Site Locations

Diagram Key

ODM Version

Data Sources

SpatialReferences = —
Sites Cardinalit Sources
(M) SpatialReferencelD {PK} - == S ISOMetadata
RefLatLong » (M) SitelD {PK} able (M) SourcelD {PK}
(0) SRSID 1.1 Oneand only one n b ) (M) MetadatalD {PK}
(M) SRSName (M) SiteCode (M) Field cannot be null . ODMVersion (M) Organization « DescribeSource 1.1 |(M) TopicCategory
(0) IsGeographic (M) SiteName (O) Field can be Null 1. One or many (M) SourceDescription - T
(0) Notes * |(M) Latitude 0.* Zero or many (O) SourceLink (M) Abstract
(M) Longitude 0.1 Zero orone, (M) ContactName o (M) "
1.1 (M) LatLongDatumiD {FK} (M) Field cannot be null - (M) Phone = (0) MetadataLink
ReferencelLocalCoords » 0..* |(O) Elevation_m (O) Field can be Null /(M) Email -
0) VerticalDatum (M) Address P
(0) Localx 1.1 |(m) city 2
VerticalDatumCV]| 1. (O)Localy M) State 2
(M) Term Definescv > 0..+((9) LocalProjectionlD {Fi} |4, Observation Values gm; <z:._;:crme g
e m itation
(O) Definition (0) State 4« Generate (M) MetadatalD {FK} 1.1 [TopicCategoryCV
(0) County Locate » (M) Term
(O) Comments < t (O) Definition
5 STMTV'”CV 1.1 (0) SiteType Create
erm |2 *
:O))Deﬁnition 1 pefineey ] o 0.r] 0 0--'I .
DataValues Data Collection Methods
(M) ValuelD {PK}
(M) DataValue
Offsets 0.|(0) ValueAccuracy « Resultin 04 LabMethods
(M) LocalDateTime =1 _[(M) MethodID {PK} (M) LabMethodID {PK}
eies (M) UTCOffset (g) ’I\\Aﬂet’:lo:L[_)e:cripticn (m) ta:game' .
DescribeOffsetUnits » W) OffsotTypelD K} OffsetLocationOf » (M) DateTimeUTC () MethodLin 1.4 ?M; L:bM;%:gliz;:;ne
M) SitelD {FK | -
1 0.+ |(M) OffsetUnitsID {(FK} [0.1 0.* }M; itelD -,)(FK) .+ 4 DefinesCV (M) LabMethodDescription
(M) UnitsAbbreviation (M) OffsetDescription (0) OffsetValue (O) LabMethodLink
o o (O) OffsetTypelD {FK} C CodeC! 4 Analyze
'
N - DescribeTimeUnits » . (M) CensorCode ensorCodeCV Samples 0. y:
s 1.0 (EZQuahflerIE {FK} . 17| Term 0..1 [(M) SamplelD {PK}
& ¢ (PR} " () Definition M) SampleType 0.* « DefinesCV 1.1 [SampleTypeCV
DescribeVariableUnits » 2 (g) §°“"ie:g (;'(() (M) L ode ~— (M) Term
. zo; Dearedrromity (M) LabMethodiD {FK} (0) Definition
5 (M) QualityControlLevellD {FK} AreDerivedFrom »
Variables ox| o 1.*
SeriesCatalog
VariableNameCV| 1 4 0.* 0.* DerivedFrom Value Grouping (P) SeriesID (PK}
- e | (P) SitelD {FK}
(M) Term Variables = (M) DerivedFromID {FK} (P) SiteCode
(O) Definition (M) VariablelD {PK} 2 (M) ValuelD {FK} 0.* Groups 0.+ « Describe (P) SiteName
DefinesCV > ((m) variableCode 1.1 s (M) GrouplD {FK} E::; SteType P
(M) T =11 0. }m Speciation « ) Yoeln 79 ¥ R
‘erm ) ’ - (P) VariableName
(0) Definition DefinesCV » :M} VanableUm?sID {FK} 1.1 (P) Speciation
=y (P) VariableUnitsID {FK}
SampleMediumCV. 0..* |(M) ValueType 4 Group GroupDescriptions (P) VariableUnitsName
pleedi 1.1 (M) IsRegular (M) GrouplID {PK} (P) SampleMedium
(M) Term —I DefinesCV » (M) TimeSupport (O) GroupDescription (P) ValueType
(O) Definition M) TimeUnitsID {FK} - (P) TimeSupport
0..* |(M) DataType =7 (P) TimeUnitsID {FK}
ValueTypeCV 1.1 M) GeneralCategory 3 i~ E:;;‘;‘:?"":Name
(M) Term = M) NoDataValue <3 Categorical Data 2 Data Qualifiers () GanemiCategory
(0) Definition 0| o-] or %- 3 « Qualify (P) MethodID {FK}
DefinesCV » . . - o g (P) MethodDescription
(P) SourcelD {FK}
o § 5 (P) Organization
(g) B‘e;m_ 1.1 DefinesCV » S O T T .g QualityControlLevels Qualifiers Eﬁ;g;::;ioescr\p«.on
Kol o g S 1.1 |(M) QualityControlLevellD (PK} 0.1 W) QualifieriD {PK} (P) GualiyControLevellD (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
0) Definition (P) BeginDateTimeUTC
(O) Definiti (P) EndDateTimeUTC
(P) ValueCount

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



Data Loading and Storage

= ODM Streaming Data Loader BE X
o A M)
Server Database Fie Location Schedue Schedule
o | Address Name Type Flelocaton  pery Boge LastUpdste
Y h focal) MudakeOD  Local C\Wodking\Proi.. 1 houss 7/18/2007 300... 822772007 1059..
3 flocal) MudLakeOD Local C:\Working\Proj.. | 1 hous 773172007 500.... |8/27/2007 1103
4 flocal) MudLakeOD Local C\Working\Prej. | 1 hous 7N8/2007 300.... |&/27/2007 1113
> 5 flocal) MudLakeOD Local C:\Working\Proj. 1 hours 7N8/2007 300.... |8/27/2007 1118
3 flocal) MudLakeOD Local C:\Woring\Proi.. | 1 hours 872772007 11:00.. | 8/28/2007 1206
7 flocal) [A“M File 'g_’a}zza
([ 1 TIMES TAMP RECORD Ban_Vea_Avy Tud_Avy Tut, Ve s 065 A
» 20000608130 O 1234 55 00y s
200608132 1 nnes sx o1 sae
20000608140 2 120 v oorse L%
2070608143 ) 1NN LY o2 3
2070600150, ¢ 12302 S8 002 55
2070508153 S 12054 sS4 0064 545
20000608160 ¢ 11500 5955 00618 553
w7 1326568 S66 ooe4 L1~
®170. ® 123024 s o6 sa
1 wza o 123605 59 01418 S
ODM Streamlng Data Loader mwo. o 1138305 06 0145 €05
Bwa 120 o oy o
B8 12 112506 6 005 62
Conﬂguration B 1200 665 0055 663 665 v
Streaming Wi >
izard
Ottt T Ottt Met o
Data_logger Neres  Nees & 1
Files e e
Novws  Now> & 1
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Web-Based Data Access
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Web-based Data Access

data.iutahepscor.org/LoganRiverWOF /WaterML_1_0.aspx

5008

Modeling and Data Federation

CUAHSI WATERML WeB ServiCES FOR ODM v1_1 DATABASES

Home  WaterML1.0 WaterML 1.1 WaterML 2.0 DataCart WFS Admin

WaterML s deivered over a SOAP AP, calied *WaterOneFiow". In this version, the API s updated to inciude a REST endpoont

There are two methods in these services:

« REST
« SOAP AP

Test the Rest Interface
Ste:

Variable:
Begn Date:

End Date:

Generate
VariableURL | [ Site + Series URL | [ Values URL ] [All Sites URL
Generated URL:

Run the Generated URL | [ Reset

WaterML s deivered over a SOAP AP, called *WaterOneFiow". In this version, the API is updated to inciude a REST endpoont

There are two methods in these services:

Sites

Bl Werara, AN Logan e a the sh Weta Fassarch Lavarcry wen s
L Merdon. AA) L ﬂ’v Rver at Mendon Road (60X

2 tanSiree s e i e gy by

wtan uUqu g e o T e Expermenta Forest

[utahiLR_GC_C] Cimate Station at Logan Rver Gof Course

iUTAH f; )

Home

innovative Urban Transitons and Aridregion Hydro-sustainabilty

Development ~

Data~  About ~

Logan River

The Logan River watershed is
located in the heart of the
Bear Riwer range with
headwaters near the Utah-

Idaho border. The river flows

southwest through  Logan
Canyon - a landscape
dominated by formerly
glaciated peaks, limestone
cliffs, and the occasional
sinkhole.  The underlying

bedrock has numerous caves
that create natural springs
that contribute to the river's
year-rounddischarge. Near
the canyon's mouth, the river
is dammed in three locations
(Frst, Second, and Third dams) for hydroelectric generation. After exiting the mountains, the river flows
west through Cache Valley and is impacted by a mixture of agricultural and urban environments. The
Logan River converges with the Little Bear River in central Cache Valley before fiowing north to the main
stem of the Bear River and Cutler Reservoir.

Monitoring Sites: Click on a site code to visualize and download data

The data presented here are provisional and subject to revision

wiaterm|_1_1

appear 10 have any

sed with it The document tre is shown below.

R WaterLab_AA

smlns="bep://s 1.1/ s

vequeryrato

v<eriteria Methodcalled="GotsiteInio>
e Value=" Lutah LR Waterlab AA/>

VARIABLES v<sitemnto
tahcAiTomp.Av) Tempsesrg T lagen River at the Utah ater Research Laboratory west bridge

</aitonanes
<aitecods networke"iuta’ siteTDe’1'>IR Wateriah M</aitecode>

Vegoogiocation xsistypen"Lationrointiype”
“latitudesd1,739034¢/ Lat tude>
wtah:WindSp_Avg] Wind 742</ Longitude>
futan:WindDr_Avg] Wind
e Wnc_Sic) e deecion

wtan:BP_Avg) Birometrc mesae
o) Vind speed

<elevation m1414</elevation m>
<verticaloatumEGH96e /verticaloatum
<aitoproporty name-"County">Cacho</aiteProporty>

Precorion ioproporty nasa-"State >uLehe/aiteropert
utah:JuddDepth_Avg) Snow degth eperty nameraite comematss T T

futan:JudTemp_Avg) Temperature crerty nane
futah:SWin_NRO1_Avg] Radaton, incoming shor
utah:SWOut_NRO1_Avg] Radation, outgong shor v<series>

utan:LWin_Cor_NRO1_Avg] Rad: ncom vevariabl
futanLWOu_Cor

sice Type’
</sitetntor

g) Radaton, ncomng ol
or_NRO1_Avg] Radaton, ouigong

SvelueryperFiena osservations valuenypes
<datatypescont inuouss /datary

<genezaicategory-1ns s(rwnuum\(/gc'\c*alwccqorw
ah;BatVo'] Logan R <samplevediumiot. Relevants/samplek

wtah:RH_enc] Logan R M-

wtah: Door_Tot] Logan Ry
utan: WaterTemp_EXO] L4

VALUES/TIMESERIES

iane>volts</unitiane>
<unitTypeFotential Differences/unitType>
<unitaboreviationsve/unitabbreviat ion

<mnnava)ue)-ssw</»mnauva o>
vetinescale isRequiare b

“uns txare>minates nitianes
<unierypesTinec/unitType>

st iommint unithbbreviation
“uniCoder 102/ uni toode>
<fanit>

[utahiLR_WaterLab_AA]
utahiLR_WaterLab_AA]
jutanLR WaterLab_AA] [utah EXOVo'] Logan R

<Jrimsseais
copecistionnot applicabiec/spesiation
e
pa \.ccm.-mnnswv.;mmo
. xsi
Coesiavatorines2013-10-07
ZendbateTine>2014-03-3170.

‘Tinezntervalzype’
0</bogiapatorine>
0</enddaterine>

“rariaienimernervals
v<pethod methodr
Tenosbestcipeion.
y voltage measured by a Campbell Scientific CRI0) datalogger.
</nethodbescription

"heep: /i

3.029/2001 /RuLSchena” xmlns:xsi="hy

“Local 0D Getvalues” serviceRsdl-"hetp:/ /ey .ncdc -noaa. gov/ CUAISIServices CUNISTSel

<variablecode vocabulary="iuteh® default="true’ varisbleIpe"51">3attvolt</verisblecode>

Site Code Site Name Site Type
R_Mendon AA Logan River at Mendon Road (600 South) Aquatic Aquatic
LR Waterlab_AA Logan River at the USU Water Lab Aquatic Aquatic
LR MainStreet BA Logan River at the Main Street Bridge Aquatic Aquatic

e0o
<)o) (2](+]6
R

Tim Series Analyst

Network
& Rog Bt Gresk.
 Logan Fiver
 Provo Fiver

USGS Grounduater
sGs Dai
USGS nstataneous

stte

L Todds Mesdow Glimate

L Knowlon Fork O
Grsen Ifastrcturs Cimate
‘Above Red Butte Resarvor
Gimate

© Sttt W oo €@
Experimenta ore

U Cimate Station ot ngln Aiver @
ot o

0000 . 008000 . ,

Variable

(et Humidty, RH_enc
L Icicator, Door_Tot

Tomperate,

Quality Control Level v
© Raw cata o

Local X None

Local Y None

Most Recent Instantaneous Measurements

Watershed Logan

Site Type

LR.GCC Golf Course CI
LR_TWDEF C Experimental Fore n Modeling and Data Federation
erovati U Trarons and ArrognHyiro sutably
LRFB.C Franklin Basin Cli
fome  Development - | Dara ® | About ~
RTGC Tony Grove Climat
LRTG BA gnrrernear]  Logan River at the Utah Water Research Laboratory west bridge
LR Wiking ® Wikins Repeater
Site Code LR Watertab. Ak
Local
[ | e o s e Latitude  41.73503¢ projection "™
UTAH ol re e o the
EESCon e Longitude -111.795742 Sute Uah
Lat/Long
ULONS wossa County Cache
Elevation 14140 Comments

Stream

Data update time: 2014-06-25 11:45:00, past 24 hours shown.

e [ et

[Re—r——
state
et

|

pavatars

> | @roopans

Sagnome [ srammne
R e
Vousznon | Toasem-

Lo

1 000: Oxygen, dsotd
.05 04 Corans oo i At

2 Witoromp_EX0:Tamporatrs
0.0 B Corans e e At
B summay s

[r———

St Doviton

[P —

The data presented here are
provisional and subject to revision

CUAHSI

HIS

Sharing hydrologic data

Tamper o o
10.620 318.300 \mw,/ 8.460
desC ssjem i
Oy, gz Grvgn e =
s
’ J
g:320 \/ 88500 \_/ 1499 gt
mar
[ Rz, = e
-0.030 MMJ««A =B N 0:930 /\/
RFU ry

asu

Gage height

55.280

WARNING: These data may be provisional and subject to revision. The data are released on the condition that neither IUTAM, Utah State
University, Brigham Young University, nor the University of Utah may be held liable for any damages resulting from their use.




Enhanced Web-Based Time Series

Access and Visualization

e 006 Time Series Analyst
(<> ][] (2] [ +]O data.i
#E  Google
g 9 Map E Datasets «h Visualization
[
% | #Ppiot Options
All Last Month Last Week
Begin Date 5/10/2014
End Date 6/10/2014
£
g Visualization Histogram ~
g
@
5 =
iZ Legend
B ODO: Oxygen, dissolved
RB_CG_BA: Cottams Grove Basic Aquatic
B WaterTemp_EXO: Temperature
RB_CG_BA: Cottams Grove Basic Aquatic
92 93 94 95 96 97 98 . 1102 103 104 B -
Oxygen, dissolved (mg/L) L=l Summary Statistics
Arithmetic Mean 9.35
Geometric Mean 4.7
Maximum 10.46
Minimum 8.38
Standard Deviation 0.42
2
£
S 10% 8.57
R
a 25% 8.95
Median, 50% 9.29
75% 9.57
90% 9.74
Number of Observations 2977
Temperature (degC)




Sensor Data QAQC
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Development of a QAQC Plan

Quality Assurance: Quality Control:

“..protocols developed and adhered to in a “occurs after the data are generated and tests

\S/raoydhhcaetdm'np'rr%'dzggégaﬁéﬁféi':ﬁ&?&;&data whether they meet the necessary requirements

while minimizing the need for corrective for quality outlined by the end users.”
measures to improve data quality.” . )
®= Data Qualifiers and Flagging

= Site Standardization
= ODM Tools Python (data management

®= Data Curation (Datalogger Programs software)

and Files, Data Averaging, Database

Structure, Equipment Management) ® Quality Control Levels
® Replicate Sensors = Data Processing Steps

] Fa Cc t or y M a i n te nance list.l—.LBR-Pnudlto-Lmlo Bear River dy Hollow near Paradise, Utah g ‘Ulw-LBR-SFLcwcv-soulh Fork Little Bear River below Davenport Creek near Avon, Utah
B 5 ' Sensor drift and
®= Field Maintenance Schedule and Pl t = calibration shift
Procedures § ' Sediment i
2 * | sensorcup £ /VW
= Field Calibration Schedule g7 L N
and Procedures B N e

. . . umkm .E‘L:‘::::':\:’A:Tm.h USLFLvBR-Mendon = Little Bear River at Mendon Road near Mendon, Utah
Manual Data Monitoring Dead battary

40 { O ”
i Strange '0) R \

©: anomalies O 0 . \

2 + . § N .: .: *
O O ) s % \ ﬂ i : - o -
N | . t : b ‘% -~

0 i - - t ’ - - - . -

Now-2007 Feb-2008 May- 2008 A 2008 Now-2008 Feo-2009  May-2009 9.0ct 1"
Date

®= Automated Data Monitoring and Alerts

USU13 - Gage height (1)
° .

USUI6 - Temperature (unk)

®= Recording Events

t 1300t 15.0ct 17.0ct

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. do0i: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
1.  Power: batter voltage < 12 volts Jifuaes  GX0S  mBuSTRUmusmAns 2
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
. . . . 4 LR_TWDEF_C 24 PARIn_Avg .00 2014-02-17 1814.15 2014-02-18 04:(?0
2 Persistence: value of a variable is unchanging a1 L T
4R _TWDEF_C 45 SoilCond_50cm_Avg .00 2014-02-17 06:15 2014-02-18 04:00 88
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 o t d 4 LR_TWDEF C 49 SoilCond_100cm_Avg 00 2014-02-17 06:15 2014-02-18 04:00 88
: paates: data are not being reporte RS siewbdon | semendemaeston | s
5LR_ GC C 9 Precip_Tot -9999.00 2014-02-17 06:15 2014-02-18 04:45 91
: . ” SRECE  Smonimwaw | somedvocmeseis oo
4 NaNs: sensor is reporting “NaN” values P -
Additional alerts will be implemented as needed |
. . g . s s
(e.g., variable-specific range checks, internal "
©
ist tial ist
consistency, spatial consistency). >
§ "
®
3 10 ]
=
9 1, ‘ L 3 , ;

t } t f t
26-Nov 29-Nov 2-Dec 5-Dec 8W 11-Dec 14-Dec
Date

Streaming Data
Loader

Observations Alert Generator
Database

Alert!!

USU35-pH (-

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



QAQC:

Data Visualization and Management

Multiple Plot Types L Plot Display Options

Plot | Edit | View

Plots
= ]

]
l,

Series

Time Probablity Histogram Box/Whisker Summary

|
Plot Options Date Time
-~ — -
B i | b 50 8/14/2013
i 5
Plot | Show | #Hist Box Whisker 3/28/2014

Type~ |Legend| Bins

Typer

(104
@~

Full Date
Range

Dynamic
Zooming and
Pannin

v -
S <
| ] e
ol 2
T 1000f 240
I s 2
2 &
B 8
I T 500}
3 30
' E
ol
13 14
0ec % jan 06 2°

)

Date Range

A
R 20 20V

b 03 20

Y 204

Restrictions

20

Temperature(degree celsius)

A
wat 17 20V

. 03 7_()1A

®-® Foothill Drive Advanced Aquatic Gage height

@@ Foothill Drive Advanced Aquatic Temperature

@@ Foothill Drive

Time Se

Selection

ries

POO +[E@e @

Advanced Filter

RB_FD_AA-Foothill Drive Advanced Aquatic

SiteName

Foothil Drive Advanc...
Foothill Drive Advanc...
Foothil Drive Advanc...
Foothill Drive Advanc...
Foothil Drive Advanc...
Foothil Drive Advanc...
Foothil Drive Advanc...
Foothil Drive Advanc...

Series Selector
DAl @ Simple Fitter
Site
[[] Variable BattVolt-Battery voltage
SeriesID SitelD  SiteCode
240 10 RB_FD_AA
[ 241 10 Re_FD_AA
[ 242 10 RB_FD_AA
[ 243 10 RB_FD_AA

Variabl... VariableCode

66
67
68
69
70
71
72
73

TurbMed
TurbMin
TurbMax

TurbVar
TurbBES

WaterTemp_Turb

TurbWipe
Stage

Filters on
| Data Series

-

85 Query Builder

B X

[ )

Field Names:

(SiteName |8
SiteCode
Latitude
Longitude
VariableName
VariableCode
DataType
ValueType
Speciation

[ Is Null | [ Is Not Null |

SELECT * FROM [Attributes] WHERE

Unique Values

‘Little Bear 11°
‘Little Bear River at M

Little
Little

Minimum: |

Maximum: |

[SteName] = "Little Bear 11

Commit

Samp

Sur #
Sur
Sur
Sur
Sur

]

VariableName Speciation Variabl... VariableUnitsName
Turbidity Not Applicable 221 nephelometric turbidi...
Turbidit} Plot 221 nephelometric turbidi...
Turbidit] . 221 nephelometric turbidi...
Turbidit} Edit 221 nephelometric turbidi...
Turbidit{ Export Data 221 nephelometric turbidi...
Tempe!

Indicate Export MetaData

Gage height Not Applicable

Export Data Series

Build Query
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QAQC:

Data Visualization and Mana
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Temperature
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QAQC: Post

Processing

File | Plot | Edit | View
Main  Edit Functions Data Filter =) D | .
NRARY < YA AT 10 ata selection
I Reset Change Interpolate Linear Flag Add Delete |Record Value > fi Iters
Da ta ed | t In g Points| Selection Value Drift Point Point
Value<
=8 x
Foothill Drive Advancg |
too IS . . . . HLIDEED ValuelD DataValue ValueAccuracy  LocalDate *
1 e H 1413863 2013-08-
@ Time Period:  Second v 1413864 606.7 2013-08-
g 1413865 605.1 2013-08-:
7000 4 Date r 1
qc, — 1413866 603.7 2013-08-:
v Before: 1413867 600.6 2013-08-:
& 6000 | 8/ 4/2014 @- | 1413868 600.2 2013-08-
2 e 1413869 598.5 2013-08-:
2 ; 1413870 5973 2013-08-;
£ 9/14/2013 B y ]
& 5000 | F 1413871 595.0 2013-08-:
a2 ]
e © Value Change Threshold 1413872 595.4 2013 08-:
E 1413873 594.7 2013-08-:
< 4000 4 ["| Filter from previous filter r 1413874 594.7 2013-08-:
2 [Clear Filrer] [ oK ] [Canoel ] [ Apply ] 1413875 594.6 2013-08-:
& 3000 4 | 1413876 595.5 2013-08-
E — — 1413877 596.3
5 1413878 596.2
O 2000 - r 1413879 597.9
& 1413880 598.3
I} !
L ] ——
. P > 1
: . : 1413883 599.5 Tabular data view
i 04 o4 014 A 1413884 599.2 .
Dynamlc data jan © n 7 an 287 - 32 cen 072 1413885  598.8 and selection
editing display Date e 22
1413887 606.1 2013-08-:
1413888 609.0 2013-08-:
1413889 604.4 2013-08-: 7
¢C & D @ <[ )
Editing a new file =8 x
Execute Il Execute Selection Il Execute Line | |
3 edit_service = EditService(series_id=261, ccnnection_string='mssql*pyodbc://A:r.be::xxxxxxxxxxxx@ (local) /iUTAH RedButte_OD') A
4 series_service SeriesService (connection_string='mssql+pyodbc://Amb XXXXXXXXXXXxXE (local) /iUTAH RedButte_OD')
s 1 L
B -
7 #series_service = Tools.get_series_service() Pyt h o n Sc rl pt
8 edic_service.filter_dace(datecime.da\:etime(2314, i, 31, 0, 0), datetime.datetime (2014, 1, 15,
9 edit_service.filter date(datetime.datetime (2014, 1, 15, 0, 0), datetime.datetime(2014, 1, 1, edltor
10 edit_service.drift_correction(0.5)
11 edit_service.flag(S)
12
Series Selector Editing a new file




Monitoring Equipment Management

Which sensors were
oo e . ; deployed at this site?
When was the last N e S Who installed them?
time we cleaned 11 Ll o i — ‘ L0
this sonde?

What were the field
conditions of our - ' . -
. discharge measurement? Lo Al turbldl_ty
Who programmed - v - N - sensor been serviced
this datalogger? e TN at the factory?

What is this
dissolved oxygen
sensor’s calibration
history?

00LSd

Leina; Buibieyo uym Aiddns Jemod AZL

-

» DIHLLNIIOS
ysnuepen  STISEANYD

eyl s Wi > Which soil moisture
battery been

deployed? ' sensor is buried at 40 cm?




Monitoring Equipment Management

Details on calibrations,
standards, and materials

_MBoM2Equipment.CalibrationStandards |

Attributes of variables
measured by a sensor

Data Model developed

ReferenceMateriaValuelD ReferenceMateriaiMediumCV BridgeID Ll
ReferenceMaterialiD 9 ReferenceMaterialOrganizationiD "D og o re a e
ReferenceMaterialValue ReferenceMateriaiCode ReferenceMaterfalid o) U
ReferenceMaterialAccuracy o ReferenceMateriallotCode o
VariablelD Og ReferenceMaterialPurchaseDate o
UnitsID S ReferenceMaterialExpirationDate o (=] .
9 ReferenceMaterialCertificateLink o
= I SamplingEestiril o InstrumentOutpuRVariableld o E I m e nt
e o9 l |
VariablelD o
Instrumenttethod[D. o0
ODMICO TSIV InstrumentResolution o
VariablelD o . . . .
VariableTypeCV. InstrumentRawOutputnitsiD ) )
VariableCode ODM2Core.Results I V I
VariableNameCV — Att b t f
i i n) esult
SpeciationCV. W) ResultUUID |~ oDM2Equipment.EquipmentModels rioutes o
NoDataValue FeatureActionlD Coj Eaui
: quipmentModelID
Resuypecy i oo sensors and °
VariablelD ) toddlt b o
UnitsID og| lodelPartNumber
TaxonomicClassifierID 0 Nodeiae i o other equioment
ProcessingLevellD 0 gl quip
ResultDateTime o
3 ¥ ModelspeciicationsFileLink ] . .
ODM2Core.SamplingFeatures ResuftDataTimeUTCOMSeE 8 ModelLink o )
SamplingFeatureld ValidDateTimeUTCOffset o [0 0DM2Equipment. CalibrationActions a I ra OI lS
SamplingFeatureTypeCV StatusCV {n} ActionID Sl
SamplingFeatureCode SampledMediumcy. Calbratoncherval o ODM2Equipment: I
SamplingFeatureName o ValueCount. InstrumentOutputvariablerd | BridgelD
SamplingFeatureDescription o c: o ActionID .
SamplingFeatureGeotypeCV o EquipmentiD [ ]
FeatureGeometry o
Elevation_m o
ElevationDatumCV o ODM2Core.FeatureActions
FeatureActionID = i i
SamplingraanirerD o9 ODM2Equipment.Equipment |
ActioniD o EquipmentID [~ opM2Equipment.RelatedEquipment Y
atalogger Programs
0 r . \ EquipmentName i .
ODM2Equipment.EquipmentActions | EquipmentTypeCV. Szrag';‘;"h‘fgwe 0
[ ODM2Core.Actions BridgelD & S s RelatedEquipment!D
v EquipmentID »nr Eaupmentsersinin e - RelationshipStartDateTime.
RelationID ActionTypecV. Action1D 0 quipt o ! RelationshipStartDateTimeUTCOffset
ActionID o ethoi Equipmantyenderba ““ RelationshipEndDateTime
RelatonshipTypeCV quipmentPurchaseDate
Pt oo BeginDateTime SaupmenPurchaseOrderumbes 8 RelationshipEndDateTimeUTCOffset
EndDateTime. EquipmentDescription - 8

EndDateTimeUTCOffset
ActionDescription
ActionFileLink

(=[=[=]=]

|~ ODM2Sensors.DeploymentActions.

Database serves as

_ : : ‘ ActioniD - ) el )
[ 2 ActioniD % .
= Programid o
ActionID.
underlying structure
FactoryServiceCode o—+
i Fectory S arvica R DataloggerFileCalumnid DataloodrElEE o
Information on DataloggerFiled -
InstrumentOutputvariableld ol m
. ColumnLabel o
S § | o ouesserararie O webp Interrace
maintenance MeasurementEquation o ProgramiD. -
df Inf. f Scaninterval 8 AffiiationID o
ScanintervalunitsID 5 ProgramName
and factory nrormation Recordinginead 0 ProgramDescrption
. RecordingIntervalunitsiD 0 ProgramVersion
service on sensor AggregationStatisicCV a ProgramFileLink

deployments

Details on
datalogger
programs and
output files

EPSCoR

IUTA




Monitoring Equipment Management

Amber & Lo
Amber & Logou . e . .
@ Logout = Sites Site Visits Equipment Vocabularies
5 e . : Amber G Logout Manage Sites Manage Site Visits Manage quipment Manage Vocabularies
Sites Site Visits Equipment Vocabularies EPSCoR ) o . )
Manage Sites Manage site Visits Manage Equipment Manage Vocabularies n Sites Site Visits Equipment  Vocabularies
Vanage Sites
Equipment
Sites Site Visits
[ Newste ] ECETS Keyword
Keyword
Keyword Site Serial Number 4| Type Model Manufacturer Owner
- - - - Date | site Name Crew = = =
Site Code 4| Site Name Site Group Site Type Group 6500000 Sensor SDI-12 Soil Acclima, Inc. Chris Cox
RB_KF_C Knowlton Fork Climate Red Butte Creek | Climate 01302138 WLEA B LoessRbe gl [[Chos oD Carlizeoe et 6500840 Sensor 5DI-12 Soil Acclima, Inc. Chris Cox
10:30 AM
RB_KF_R Knowlton Fork Repeater Red Butte Creek Repeater 2014/02/05 TWDEF Climate Station Logan River Chris Cox, Allison Chan 6500841 Sensor SDI-12 Soil Acclima, Inc. Chris Cox
RB_KF_BA Knowlton Fork Basic Aquatic Red Butte Creek Basic Aquatic 10w 6500842 Sensor 5D1-12 Soil Acclima, Inc. Chris Cox
2014/02/03 Golf Course Climate Logan River | Chris Cox " . il
RB_KF_S Knowlton Fork sapflux Red Butte Creek | Sapflux rso o 6500843 Sensor 5DI-12 Soil Acclima, Inc. Dave Eiriksson
e o Amber @ Logou 2014/02/03 6500844 sensor SDI-17ges E— PO
12:00 P
[t S e SeVisits,  Equipment  Yocabularles  auatic ) o X ; 6500845 sensor $DI-12 ) ,
=3 2014/01/31 ™ Sites Site Visits Equipment Vocabularies ’SA\EKSEM s‘.‘f.";".f‘ff 59:1
Rel e aan o MinsgeStes  MansgeSteVists  Mansge Equipment  Mansge Vocsbulsres 6500846 Sensor D113
il site Details 2014/01/24 G 6500847 Sensor 5DI-12 ) '
— - 03:00 PM . L N Details
RB quatic Site Visit Details 6500848 Sensor SDI-1z
[ cdtSteDescriptin’ ] Deete | ooz | M
"8 c oz00pu 6500843 sensor sor-iz =
5 EditsiteVisit Description | Delete [ View Full isit History for thissite. iption
IR (] g ! 1 [ ep [sareice | 6500850 Sensor SDI-12 Serial Number: 61012151
— e .., ot 04 g 7 Moo Model Name: He2s3
1R - vl P | 4200 U e § [ Mep | saterine | Asn0Rs1 Sencar il odel Link
v Al e D Tzt Ly Campground g Mode! Description: Humidity and temperature
in o y Any opinions,findings, canclud o ’ precsllcsseipron
i ' a Lews M Trer Purchase Date: 2013/04/02
i . Emd Caneind ] Order Number: 192016
L : A This materialis based upon work supparted by | Notes:
H : Any opinions, findings, conclusions, or recommendations expressed
i rondence o~ Owner Information
Any op. A\ 3 " the views of the * Contact: Joe Crawford
: i s ® Institution: Brigham Young University
! mis oy Address:
12} Map data ©2014 Google | Termsof Use _ Report a map arror Phone: 435760-8334
« Sites < Email: foe crawford@byu.edu
Site Code: LR_MSB_BA Latitude: 41721091 Lat/Long Datum: WGS84 fAAd Monsgesies 1
Site Name: Main Street Longitude SR : = © s et 82014 Oocale [Terme o Use | Report 1 meg emor Manufacturer Information
Bridge Basic Aquatic Site Type: Amber @ Logou Name: Rotronic
Elevation: 1377 Ll . Contact Name: unknown
: UTAH “ Sites Site Visits  Equipment  Vocabularies Site Code: LR TWDEF C Deployment Details Address:
Deployment Measured Variables | Tonas st e er Gimate station email:
Variable N: ~[Recorded Stati Latitude: 41.864805 Create New Deployment ;«h::s!-le www rotronic-usa.com
ariable Name ecorded Stat Longitude: -111.50749 Equipment Description
Oxygen, dissaived | . . . . . Elevation: 2628 Equipment Serial Number: 121100807 Vendor Information
o Deploy History of Main Street Bridge Basic Aquatic Equipment Type: Sensor ———————
Site Visit Description ocslinems JErodon Contact Name: Kevin Rhodes
c Conductance Description: EX02 Sonde pH probe
Crew: Chris Cox, Joble Carlise, Joel Martin A Address: 815 West 1800 North, Logan, UT 84321
Temperature — Begin Date Time: 2014/02/11 10:30 AM Equipment Notes: phone: 435227.9000
Oxygen, dissolved, trans U End Date Time: 2014/02/11 12:00 PM Link o NI S
) [ Equipment Equipment | ode . UTC Offset: -07:00 Owner Institution: Utah State University
View Deployed Equipment ]| Viewstevists | Newd ate Serial Number | Type anufacturer ) Mode! Ite Environmental Observations: Light to moderate snowfall. Owner cantact: Cors Cox
Visit Notes: Noticed some riming on Rotronix and ST110 but did not think it was worth trying to clean. wner Address: [ oeployment History | [ Galibration History |
2013/12/0612:00 | 9532237 Radio Campbell RF450 Main Owner Phone: 505-250-5885
PM to Present Scientific street Field Act es Performed (2018 CTiR e XTmer
i mateal s bases s work umsoried 5 e i Bridge Deployment Descripti
Aay opinins, indings: conclusions. m.,.w‘mm."’:,.," i P Activity _| Begin End Descrintion i ey |
Type Date/Time | Date/Time ° Site: Below Jordanelle Aquatic
Aquatic Deployment Begin Date: 2013/09/25 10:00 AM
—— Eoupment | 2010/02/11 | 2014/02/11 | Fixed niet sensor. | had sccidentally connected the jumper resistor © Deployment End Date: 2013/11/26 01:00 PM
2013/12/0512:00 | 25858 Datalogger | Campbell R800 Main Adjostment | 10:55 A B eI T ED See Retrieval Information
oM to Present scientific street Deployment UTC Offset: -07:00
sridse 2014/02/11 | 2014/02/11 | Completely drained and reflled Geanor bucket. | added about 1.5L of GO B
e 4 A 1030 AM new anifreeze and new oil (roughiy .25L) Deployment Type: Fixed monitoring
Deployment Description: This is the pH sensor installed on the sonde.
Aquatic 2014/02/11 | 2014/02/11 | Tried to clean solar sensors. Some ce covered the Huksaflux and e oo
- 12:35 Am 12:00m incoming PAR. 1 tried to remove without scratching sensor domes
ERYRARED LEX LG5 (Tl RSt Lo Horizontal Offset Description: The sonde and the sensors were installed about 34' away from the data
PM to Present street logeer.
e CErs) (e ) (g Worizontal offset units 1D:
- Horizontal Offset Value
Vertical Offset Description
H H H H H H - H H H Vertical Offset Units 1D:
° ecora site intormation, site ViISIts, and r1ield activi etalls
’ ? Parent Equipment: EXO2Sonde
Deployment Schematic: [
. . . .
Measured Variables
* Store information on physical equipment
New Deployment Measured Variable
No content found.
. . . .
* Track equipment deployments calibrations, service events SEEE——



Monitoring Equipment Management

Equipment allbralons
* Model
* Serial number
* Owner
* Vendor
* Manufacturer
* Service history

e Method
e Standard

Deployments

Site Visits

Field Activities

!

Time Series

* Location Observations

e Date ' * Deployment type TR T—r———

* Peop!e- * Activity type * Description - ,
* Conditions « Description * Dates ,
* Date * Offsets ~

Lan2007 Jen2008 Jan008




Open Source Code Repositories

= WEBTSA - Time series data visualization
= https://github.com/UCHIC/WEBTSA
= ODM Streaming Data Loader
= https://github.com/UCHIC/ODMStreamingDataloader
= ODM Tools Python - Sensor Data Management
= https://github.com/UCHIC/ODMToolsPython

= ODM2 Sensor - Sensor equipment management
= https://github.com/UCHIC/ODM2Sensor

GitHub




Summary

= Researchers are using in situ sensors at multiple sites
more commonly resulting in large datasets

= Data enhanced by metadata standards and descriptions

®" 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

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

= Data reusability facilitated by ability to access data and
metadata programmatically

® Data Available at http://data.iutahepscor.org
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