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Aiver Continuum vs Human Activities

River continuum: natural
iInputs, reactive transport

Human intervention:
Agricultural, industrial,
municipal

What management
practices help/hurt?

Can we restore natural
behavior?
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Case Study
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Stream Metabolism Response to
Human Disturbances

' Solar Radiation
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Aquatic Photosynthesis

Models of gross primary production (GPP),
community respiration (CR24)

Analysis




Workflow %

CDEC sensors
(government)
Weather conditions

Water Quality Sensors
(local)

Rmmplo Hourly

p— Tom Harmon

it environmental system

Reaeration Rate (by Day)

Compute Metabolism
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Current Method
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Our Approach

| Water Quality Sensors
(local)

Semantic
Metadata

Integrated Hourly Data (by Day)

Owens-Gibbs Model

O'Connor-Dobbins Model

Churchill Model

Compute Reaeration
Parameters

Reaeration Rate (by Day)
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KARMA

Karma_v0.4

Table Script Alignment Column

 Sourcel | Source2 |

J\rn—‘&\u\,\

Da ata Type

Colum Name Colum Name Column Name Ium me
Web Services Inputs | Outputs
WebService Name Station ID Z
Buildings2StreetNames -Date
CDEC Simple i -Time
CDEC - Event Data e B Value
CDEC - FLOW Daily M
Gl s Choose Value H
Choose Value
| - River Stage(feet) =
\ — L

~—{14 - Battery Voltage(volts)
20 - Flow(cfs)
___Execute I 146 - Temperature, Water(C)

100 - Electrical Cond.(us/cm)
161 - Ticamlerad Mertrorant 45 el




Data Import

Karma_v0.4

Table Script Alignment Column

YN EE NN EEEEEE NN NEEEEENEEENNNEEEEEEEEEEEW
. ( CDEC - Event Datal | Source2 4
I Bl
u Station ID Start Date Date Time RIVER STAGE (feet) = m
B |ISMN 0371052010 20100309 2300 52.68 =]
m ShMN 0371052010 20100309 2315 52.68 u
SN 031012010 20100309 2330 52.68 [ |
L SN 03102010 20100309 2345 52.66 u
B |IShN 03102010 20100310 0000 52.69
m SN 031052010 20100310 0015 52.67 u
SN 0371052010 20100310 0030 52.66 [ |
L ShMN 0371052010 20100310 0045 52.66 m
B |SMN 031012010 20100310 0100 52.67
m SN 03102010 20100310 0115 52.64 L
|SMN 03102010 20100310 0130 52.65 halll |
__N Kl Il | [ ] -
MR Ty e I M T T T T T T T T T T T T T T YT T Y T Y

( Wrapper | Database | Excel | CSY¥ | KML | WebService |

Web Services Inputs Outputs
WebService Name , 4]
Buildings2Streethames station [D -Date
CDEC Simple SIVIN % 3 -Time
CDEC - Event Data
: Sensor -Value
CDEC - FLOW, Daily Mean -

1 - River Stage(feet)

otart Date
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Need to Clean Data
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Data Cleaning with KARMA

Karma_vO0.4

able Script Alignment Column

( CDEC - Event Data0 | Source2 | Source3 | Cleaning Table

String [Data Type Data Type -
Date User Defined ¥Yalues Final Yalues
20100309 03/09/2010 |
20100309
20100309
20100309
20100310
20100310
20100310
20100310
20100310
20100310
20100310

W.

Import [ Clean | Integrate | Publish

4]

Data Cleaning for: |Column 2 v

-inal result:

) Use original extracted values



Data Cleaning with KARMA
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eed to Integrate All the Source
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Integrated Dataset

pt Alignment Column

fal | CDEC - Event Datal

CDEC - Event Data2

CDEC - Event Data3

" CDEC - Event Data4

weatherstationdata.csy

CDEC

D Start Date ate Time Temp Cond
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RMA Generates Data Processing Sc




ublishing Processed Data to WING
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Semantic Metadata for Input Files

rsion="1.0" encoding="UTF-8" 7>

ase="http://www.1s1.edu/dc/Water/library
s :rdf="http://ww.w3.0rg/1999/02/22-rdf-s
:rdfs="http://www.w3.0rg/2000/01/rdf - sche
:owl="http://www.w3.0rg/2002/07/owl#"

:xsd="http://ww.w3.0rg/2001/XMLSchema#"
:dc="http://www.1s1.edu/dc/ontology.owl#"
:dcdom="http://www.1s1.edu/dc/Water/ontol(
s="http://www.1s1.edu/dc/Water/1ibrary.owl#

A L A

Jaily_Sensor_Data rdf:ID="FILENAME">
m: forDate rdf:datatype="http://www.w3.org/:
m: forSite rdf:datatype="http://www.w3.org/2
m:siteLatitude rdf:datatype="http://www.w3. :Sitelatit
m:sitelLongitude rdf:datatype="http://waw.w3 at">LONGITUDE</dcdom:sitelLor
m:slope rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">SLOPE</dcdom:slope>
m:velocity rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">VELOCITY</dcdom:velocity>
m:depth rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">DEPTH</dcdom:depth>

m: flow rdf:datatype="http://ww.w3.0rg/2001/XMLSchema#float">FLOW</dcdom: flow>

m:barpress rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">760</dcdom:barpress>
Daily_Sensor_Data>
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VINGS Recelived Metadata from KARM
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— 2 3 amt oy
qve Meirdein

Name a  Value

% barpress 760
= (_] Daily_Parameters
CNTM_ Parameters - || depth 1.6564940150390628
= £ Daily_Sensor_Data flow 1213.7113
| jcoEC_WEATHER_2010_03_02 forDate  2010-0310

|| CDEC_WEATHER_2010_03_03

[ | CDEC_WEATHER_2010_03_04 forses;  [=hN

T g NN gy N SNy

- [ jcoEC_WEATHER_2010_03_05 L \| sitelatitu... 37.347214
| CDEC_WEATHER_2010_03_06 siteLongi.. -120.976181
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- | jcDEC_WEATHER_2010_03_08
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Workflow

Integrated Hourly Data (by Day) \ {

Owens-Gibbs Model
O’Connor-Dobbins Model

Compute Reaeration
Parameters

Reaeration Rate (by Day) \
Compute Metabolism
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5ing Metadata in Workflow Executic

....ooo.‘
<dcdom:Hydrolab_Sensor_Data rdf:ID=“Hydrolab-CDEC-04272011">
: | =7 <dcdom:sitelLong rdf:datatype=“float">-120.931</dcdom:sitelLongitt
j"""’""“"l"l“"“"“"“hl <dcdom:sitelatitude rdf:datatype=“float">37.371</dcdom:sitelatit
Y T ‘ <dcdom:dateStart rdf:datatype=“date">2011-04-27</dcdom:dateStart
@ <dcdom:forSite rdf:datatype="string">MST</dcdom:forSite>
] > <dcdom:numberOfDayNights rdf:datatype="“int">1</dcdom:numberOfDay
[CatculatetiourlyAverages ) <dcdom:avgDepth rdf:datatype="float">4.523957</dcdom:avgDepth>
- 5 ¢ ' <dcdom:avgFlow rdf:datatype=“float">2399</dcdom:avgFlow>
</dcdom:Hydrolab_Sensor_Data>
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s g OComor-DobblnsModel{
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| CreatePlots |
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5ing Metadata in Workflow Executic

. o000 o ’
g <d&¢PW ydrelal sensar JDatay ndf 'JQ “Iiydrplaplcpicl LYy N R ——
l ¢ <dcdom:sitelLong rdf:datatype= Float"> 120.931</dcdom:sitelongitlt
ﬁ;ﬁ;&‘mi.rmmm “l ¢ <dcdom:sitelatitude rdf:datatype=“float">37.371</dcdom:sitelatit

¢ xacdomTdutas Tare wdfRdnEat e date's 2oL 394 7K fide dom ade e 8-t
<dcdom:forSite rdf:datatype="string">MST</dcdom:forSite>
<dcdom:numberOfDayNights rdf:datatype="“int">1</dcdom:numberOfDay
<dcdom:avgDepth rdf:datatype="float">4.523957</dcdom:avgDepth>
<dcdom:avgFlow rdf:datatype=“float">2399</dcdom:avgFlow>

</dcdom:Hydrolab_Sensor_Data>
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5ing Metadata in Workflow Executic

o 0e®®0%0 ’
@ <dgdop-kydrelat Senaar D tAs Wf W B EdnelabaPEG 327200 won m w u »
l .‘ <dcdom:sitelLong rdf:datatype= Float"> 120.931</dcdom:sitelongitlt
?"“"“'"“‘5"1""*"‘““'11 e®" ¢ <dcdom:sitelatitude rdf:datatype=“float">37.371</dcdom:sitelatit
" o ¢ xacdomTdutas Tare wdfRdnEat e date's 2oL 394 7K fide dom ade e 8-t
@ : <dcdom:forSite rdf:datatype="string">MST</dcdom:forSite>
| > N o P UEAOM MED & BDEYNISh T AT ljlt!a!yﬁé—'ih! = 1< AU T UMD FOT S
[c.umm“;,,v‘m” : l <dcdom:avgDepth rdf: datatype "float">4.523957</dcdom:avgDepth>
; 5 N \o Sdcdom:avegFlow rdf:datatype=" float">2399 </dcdom:avgFlow>
N (T ﬂ; T ERER RN EEEEEERN IIIII EEEEEEERN
k </dc omQ ydrolab_Sensor_Data>
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Workflow Results

_MST_2011-01-u1_u (5 A8, miSave), DO_MST_2011-01-01_1 (3 KB, HSave), DO_MST_2011-01-01_2 (3 KB, HSave),
MST_2011-01-01_3 (3 KB, HSave), DO_MST_2011-01-01_4 (3 KB, BSave), DO_MST_2011-01-01_5 (3 KB, I Save),
MST_2011-01-01_6 (3 KB, E4Save), DO_MST_2011-01-01_7 (3 KB, ;3Save), DO_MST _2011-01-01_8 (3 KB, I Save),
MST_2011-01-01_9 (2 KB, iSave), DO_MST_2011-01-01_10 (2 KB, i Save), DO_MST_2011-01-01_11 (2 KB, KHSave),
MST_2011-01-01_12 (2 KB, (4 Save), DO_MST_2011-01-01_13 (3 K8, [4Save), DO_MST_2011-01-01_14 (3 KB, [5Save),
MST_2011-01-01_15 (3 KB, 5 Save), DO_MST_2011-01-01_16 (3 K8, [HSave), DO_MST_2011-01-01_17 (3 KB, BSave),
MST_2011-01-01_18 (3 KB, HSave), DO_MST_2011-01-01_19 (3 K8, HSave), DO_MST_2011-01-01_20 (3 KB, HSave),
MST_2011-01-01_21 (3 KB, HSave), DO_MST_2011-01-01_22 (3 KB, [HSave), DO_MST_2011-01-01_23 (3 KB, BSave),
MST_2011-01-01_24 (3 KB, HSave), DO_MST_2011-01-01_25 (3 K8, [HSave), DO_MST_2011-01-01_26 (3 KB, BSave),
MST_2011-01-01_27 (3 KB, 5 Save), DO_MST_2011-01-01_28 (3 K8, [HSave), DO_MST_2011-01-01_29 (3 KB, HSave) }

rams_MST_2011-01-01_0 (59 B, HSave), Params_MST_2011-01-01_1 (68 B, HSave), Params_MST_2011-01-01_2 (66 B, 4 Sa
ms_MST_2011-01-01_3 (68 B, HSave), Params_MST_2011-01-01_4 (66 B, I Save), Params_MST_2011-01-01_5 (66 B, HSav
ms_MST_2011-01-01_6 (66 B, HSave), Params_MST_2011-01-01_7 (66 B, 5 Save), Params_MST_2011-01-01_8 (66 B, HSaw
ms_MST_2011-01-01_9 (56 B, HSave), Params_MST_2011-01-01_10 (46 B, lHSave), Params_MST_2011-01-01_11 (56 B, HS.
ms_MST_2011-01-01_12 (66 B, 5 Save), Params_MST_2011-01-01_13 (57 B, HSave), Params_MST_2011-01-01_14 (68 B, 5.
ms_MST_2011-01-01_15 (66 B, i Save), Params_MST_2011-01-01_16 (66 B, i3 Save), Params_MST_2011-01-01_17 (68 B, 5.
ms_MST_2011-01-01_18 (68 B, [ Save), Params_MST_2011-01-01_19 (68 B, |3 Save), Params_MST_2011-01-01_20 (68 B, 5.
ms_MST_2011-01-01_21 (68 B, 5 Save), Params_MST_2011-01-01_22 (66 B, 4 Save), Params_MST_2011-01-01_23 (68 B, 5.
ms_MST_2011-01-01_24 (66 B, 5 Save), Params_MST_2011-01-01_25 (66 B, I Save), Params_MST_2011-01-01_26 (57 B, 5.
me MST 7n11-01-NM 27 /68 B HSave). Params_MST_2011-01-01 28 (66 B, HSave) Parame #cT ~n<4 ns a4 20 (55 B .
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Vorkflow Results Have Metadat

«dcdom:Metabolism_Results rdf:ID=“Metabolism_Results-CDEC-04272011">

<dcdom:
<dcdom:
<dcdom:
<dcdom:
<dcdom:
<dcdom:
<dcdom:

sitelong rdf:datatype=“float">-120.931</dcdom:sitelLongitude>
sitelLatitude rdf:datatype=“float">37.371</dcdom:sitelLatitude>
dateStart rdf:datatype=“date">2011-04-27</dcdom:dateStart>
forSite rdf:datatype="string">MST</dcdom:forSite>
numberOfDayNights rdf:datatype=“int">1</dcdom:numberOfDayNights>
avgDepth rdf:datatype="float">4.523957</dcdom:avgDepth>

avgFlow rdf:datatype=“float">2399</dcdom:avgFlow>

./dcdom: Metabolism_Results>



VINGS Generates Provenance Metadat

LECT 2url WHERE {

ata dcdom:usedAlgorithm dcdom:0DM .

ata rdf:type dcdom:Metabolism Estimates .
ata wflow:haslLocation ?url

T
[ ]
“ Meaetadata for Metabolism_SMN_2010_03_03X_C
‘0 bl Save Metadata
”‘ Nameo « Valuo
.0. volocity 0.66163415
.Q.. us odAlgorithm dedom: ODM
a, "y slopo 1.0E-4
Tuy .> sitel_ onghtude -120.97618
siteLatitude 37.347214
forSite SMN
forDate 2010-03-03Z
flow 1581.6842

e Prpe———— P aY Tasr =7 4



!‘ !I ! y

Aquatic Photosynthesis

Models of gross primary production (GPP),

ensors
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Aquatic Photosynthesis

Models of gross primary production (GPP),
community respiration (CR24)
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Summary

Tools for end-users

End to end support
Data import, cleaning, integration

Automated workflow execution

8 [SERa 2 IO 55 [ B IR

Captures metadata provenance



0 Data integration:
Data Wrangler [Kandel et al 2011]

Google Refine [Huynh et al]

o Workflow systems:
VisTrails [Howe et al 2008],
Kepler [Barseghian et al 2010]

0o Many tools generate provenance metadata,
often in RDF

0 None agenerate other kinds of metadata






