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River Continuum vs Human Activities 

!   River continuum: natural 
inputs, reactive transport 

!   Human intervention: 
Agricultural, industrial, 
municipal 

!   What management 
practices help/hurt? 

!   Can we restore natural 
behavior? 

groundwater 

farming 
drainage 
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Stream Metabolism Response to 
Human Disturbances 

Pulse releases in the spring and fall to help the salmon runs 
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Aquatic Photosynthesis 
Models of gross primary production (GPP), 

community respiration (CR24) 

Analysis 

Sensors 



Workflow 

Tom Harmon 
environmental systems 



Vision: Automated & Fast 



Reality: Difficult & Time Consuming 



? 



Current Method 
Manual 

Data 
Preparation 

Custom 
Scripts 



Our Approach 

KARMA!

WINGS!

Semantic!
Metadata!



Data Sources 



KARMA 
[Tuchinda et al TWEB’11; Tuchinda et al IUI’08, IUI’07] 



Data Import 



Need to Clean Data 

HYDROLAB 

CDEC 

Required 
Format 



Data Cleaning with KARMA 



Data Cleaning with KARMA 



Need to Integrate All the Sources 

CDEC 

Temp 
Cond 

Depth 
DO 

Flow HYDROLAB 

Integrated Data Set 
Joined by Date & Hour 



Integrated Dataset 



KARMA Generates Data Processing Script 

ImportWSSource("CDEC	
  -­‐	
  Event	
  Data","SMN","146","$1","$2");SetColumnName
("CDEC	
  -­‐	
  Event	
  Data0","4","Date");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data0","Date","20100309","03/09/2010");DeleteColumnCommand
("Sensor");DeleteColumnCommand("End	
  Date");SetColumnName("CDEC	
  -­‐	
  Event	
  
Data0","3","Time");SetColumnName("CDEC	
  -­‐	
  Event	
  
Data0","4","Temp");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data0","Time","2300","23:00");SwitchToEmptySourceTab(1);ImportWSSource("CDEC	
  
-­‐	
  Event	
  Data","SMN","100","$1","$2");SetColumnName("CDEC	
  -­‐	
  Event	
  
Data1","4","Date");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data1","Date","20100309","03/09/2010");DeleteColumnCommand
("Sensor");DeleteColumnCommand("Start	
  Date");DeleteColumnCommand("End	
  
Date");SetColumnName("CDEC	
  -­‐	
  Event	
  Data1","2","Time");SetColumnName("CDEC	
  -­‐	
  
Event	
  Data1","3","Cond");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data1","Time","2300","23:00");SwitchToEmptySourceTab(2);ImportWSSource("CDEC	
  
-­‐	
  Event	
  Data","SMN","1","$1","$2");SetColumnName("CDEC	
  -­‐	
  Event	
  
Data2","4","Date");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data2","Date","20100309","03/09/2010");DeleteColumnCommand
("Sensor");DeleteColumnCommand("Start	
  Date");DeleteColumnCommand("End	
  
Date");SetColumnName("CDEC	
  -­‐	
  Event	
  Data2","2","Time");SetColumnName("CDEC	
  -­‐	
  
Event	
  Data2","3","Depth");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data2","Time","2300","23:00");SwitchToEmptySourceTab(3);ImportWSSource("CDEC	
  
-­‐	
  Event	
  Data","SMN","61","$1","$2");SetColumnName("CDEC	
  -­‐	
  Event	
  
Data3","4","Date");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data3","Date","20100309","03/09/2010");DeleteColumnCommand
("Sensor");DeleteColumnCommand("Start	
  Date");DeleteColumnCommand("End	
  
Date");SetColumnName("CDEC	
  -­‐	
  Event	
  Data3","2","Time");SetColumnName("CDEC	
  -­‐	
  
Event	
  Data3","3","DO");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data3","Time","2300","23:00");SwitchToEmptySourceTab(4);ImportWSSource("CDEC	
  
-­‐	
  Event	
  Data","SMN","20","$1","$2");SetColumnName("CDEC	
  -­‐	
  Event	
  
Data4","4","Date");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data4","Date","20100309","03/09/2010");DeleteColumnCommand
("Sensor");DeleteColumnCommand("Start	
  Date");DeleteColumnCommand("End	
  
Date");SetColumnName("CDEC	
  -­‐	
  Event	
  Data4","2","Time");SetColumnName("CDEC	
  -­‐	
  
Event	
  Data4","3","Flow");ApplyCleanRule("CDEC	
  -­‐	
  Event	
  
Data4","Time","2300","23:00");SwitchToSourceTab(0);join("CDEC	
  -­‐	
  Event	
  
Data0","CDEC	
  -­‐	
  Event	
  Data1","Cond");join("CDEC	
  -­‐	
  Event	
  Data0","CDEC	
  -­‐	
  Event	
  
Data2","Depth");join("CDEC	
  -­‐	
  Event	
  Data0","CDEC	
  -­‐	
  Event	
  Data3","DO");join
("CDEC	
  -­‐	
  Event	
  Data0","CDEC	
  -­‐	
  Event	
  Data4","Flow");SwitchToEmptySourceTab
(5);ImportCSVSource(".\\data\\CDEC_stations.csv");ImportColumnFromCSV
("Station	
  ID","0","true");ImportColumnFromCSV
("Metadata","1","true");ImportColumnFromCSV
("Name","2","true");ImportColumnFromCSV
("Elevation","3","true");ImportColumnFromCSV
("Latitude","4","true");ImportColumnFromCSV
("Longitude","5","true");SwitchToSourceTab(0);join("CDEC	
  -­‐	
  Event	
  
Data0","CDEC_stations.csv","Latitude");join("CDEC	
  -­‐	
  Event	
  
Data0","CDEC_stations.csv","Longitude");PublishToWS("WINGS	
  
Portal","TEST_CDEC_WEATHER_$3","CDEC	
  -­‐	
  Event	
  Data0");	
  



Publishing Processed Data to WINGS 



Semantic Metadata for Input Files 



Workflows with WINGS  
 

Conceptual 
workflow 

Workflow 
execution 

[Gil et al JETAI’11; Gil et al IEEE-IS’11; Gil et al e-Science’09; Kim et al JCC’08] 

WINGS 
Workflow 



WINGS Received Metadata from KARMA 



Workflow 



Using Metadata in Workflow Execution 

<dcdom:Hydrolab_Sensor_Data	
  rdf:ID=“Hydrolab-­‐CDEC-­‐04272011">	
  
	
  	
  	
  <dcdom:siteLong	
  rdf:datatype=“float">-­‐120.931</dcdom:siteLongitude>	
  
	
  	
  	
  <dcdom:siteLatitude	
  rdf:datatype=“float">37.371</dcdom:siteLatitude>	
  
	
  	
  	
  <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:numberOfDayNights>	
  
	
  	
  	
  <dcdom:avgDepth	
  rdf:datatype=”float">4.523957</dcdom:avgDepth>	
  
	
  	
  	
  <dcdom:avgFlow	
  rdf:datatype=“float">2399</dcdom:avgFlow>	
  
</dcdom:Hydrolab_Sensor_Data>	
  

Metadata 



Using Metadata in Workflow Execution 

<dcdom:Hydrolab_Sensor_Data	
  rdf:ID=“Hydrolab-­‐CDEC-­‐04272011">	
  
	
  	
  	
  <dcdom:siteLong	
  rdf:datatype=“float">-­‐120.931</dcdom:siteLongitude>	
  
	
  	
  	
  <dcdom:siteLatitude	
  rdf:datatype=“float">37.371</dcdom:siteLatitude>	
  
	
  	
  	
  <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:numberOfDayNights>	
  
	
  	
  	
  <dcdom:avgDepth	
  rdf:datatype=”float">4.523957</dcdom:avgDepth>	
  
	
  	
  	
  <dcdom:avgFlow	
  rdf:datatype=“float">2399</dcdom:avgFlow>	
  
</dcdom:Hydrolab_Sensor_Data>	
  

Metadata 

Setting 
Parameters 



Using Metadata in Workflow Execution 

<dcdom:Hydrolab_Sensor_Data	
  rdf:ID=“Hydrolab-­‐CDEC-­‐04272011">	
  
	
  	
  	
  <dcdom:siteLong	
  rdf:datatype=“float">-­‐120.931</dcdom:siteLongitude>	
  
	
  	
  	
  <dcdom:siteLatitude	
  rdf:datatype=“float">37.371</dcdom:siteLatitude>	
  
	
  	
  	
  <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:numberOfDayNights>	
  
	
  	
  	
  <dcdom:avgDepth	
  rdf:datatype=”float">4.523957</dcdom:avgDepth>	
  
	
  	
  	
  <dcdom:avgFlow	
  rdf:datatype=“float">2399</dcdom:avgFlow>	
  
</dcdom:Hydrolab_Sensor_Data>	
  

Metadata 

Setting 
Parameters 

Choosing 
Models 



Workflow Results 



Workflow Results Have Metadata 



WINGS Generates Provenance Metadata 

SELECT	
  ?url	
  WHERE	
  {	
  
?data	
  dcdom:usedAlgorithm	
  dcdom:ODM	
  .	
  
?data	
  rdf:type	
  dcdom:Metabolism_Estimates	
  .	
  
?data	
  wflow:hasLocation	
  ?url	
  	
  
}	
  



Aquatic Photosynthesis 
Models of gross primary production (GPP), 

community respiration (CR24) 

Analysis 
Sensors 

Workflow Results 



Aquatic Photosynthesis 
Models of gross primary production (GPP), 

community respiration (CR24) 

Analysis 
Sensors 

Workflow Results 



Summary 

!   Tools for end-users 

!   End to end support 

!   Data import, cleaning, integration 

!   Automated workflow execution 

!   Captures metadata provenance 



Related Work 
!   Data integration:  

Data Wrangler [Kandel et al 2011]  
Google Refine [Huynh et al] 

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

!   Many tools generate provenance metadata, 
often in RDF 
!   None generate other kinds of metadata 
!   None use metadata to configure models 




