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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 
 Climate 

Water quantity 

Soil water and 
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Gradients Along Mountain To Urban 
Transitions (GAMUT) Network 

¡  Ecohydrologic observatory 
deployed in 3 watersheds: 
Logan River, Red Butte 
Creek, Provo River 

¡  Watersheds with similar 
water source (high 
elevation snow) but 
dif ferent land use 
transitions 

¡  Measures aspects of water 
inputs and outputs and 
water quality over 
mountain-to-urban 
gradient 

¡  Mix of aquatic and 
terrestrial in situ and re-
locatable sensors 

 



Gradients Along Mountain to Urban 
Transitions (GAMUT) Network 

Climate/Terrestrial Sites Aquatic Sites 



Gradients Along Mountain to Urban 
Transitions (GAMUT) Network 



GAMUT Data Workflow 



Sensor Data Acquisition 



Datalogger Program Updates 



Data Loading and Storage 



Data Loading and Storage 

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 

ODM 



Web-Based Data Access 



Web-based Data Access 



Enhanced Web-Based Time Series Data 
Access and Visualization 



Sensor Data QAQC 



Development of a QAQC Plan 

Quality Assurance:  
“…protocols  developed and adhered to  in  a   
way that  minimizes  inaccuracies  in  the data 
produced … produces h igh-qual i ty  data whi le  
minimiz ing the need for  correct ive  measures  
to  improve data qual i ty. ”  
 

¡  Site  Standardizat ion 
¡  Data Curat ion (Datalogger  Programs  

and F i les ,  Data Averaging,  Database 
Structure ,  Equipment  Management)  

¡  Repl icate  Sensors  
¡  Factor y  Maintenance 
¡  Fie ld  Maintenance Schedule  and 

Procedures 
¡  Fie ld  Cal ibrat ion Schedule   

and Procedures  
¡  Manual  Data Monitor ing 
¡  Automated Data Monitor ing and Aler ts  
¡  Recording Events 

Quality Control: “occurs  af ter  
the data are  generated and tests  whether  
they  meet  the necessar y  requirements  for  
qual i ty  out l ined by  the end users .”  

 

¡  Data Qual i f iers  and F lagging 
¡  ODM Tools  Python (data management  

sof tware)  
¡  Qual i ty  Contro l  Levels  
¡  Data Process ing Steps 

 
 
 
 
 

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. doi:10.1525/bio.2013.63.7.10 



QAQC: Automated Alerts 

Technicians receive email alerts daily 
1.  Power:  batter voltage < 12 volts 
2.  Persistence: value of a variable is unchanging 
3.  Updates: data are not being reported 
4.  NaNs: sensor is reporting “NaN” values 

Additional alerts will  be implemented as needed 
(e.g.,  variable-specific range checks, internal 
consistency, spatial consistency). 
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QAQC:  
Data Visualization and Management 

Multiple Plot Types Plot Display Options 

Date Range 
Restrictions Dynamic 

Zooming and 
Panning 

Time Series 
Selection 

Build Query 

Export Data Series 

Filters on 
Data Series 



QAQC:  
Data Visualization and Management 



QAQC: Post Processing 

Data Editing 
Tools 

Python Code 
Console 

Python Script 
Editor 

Dynamic Data 
Editing Display 



Monitoring Equipment Management 
Which sensors were 

deployed at this site? 
Who installed them? 

Which soil moisture 
sensor is buried at 40 cm? 

Has this turbidity 
sensor been serviced 

at the factory? 
Who programmed 
this datalogger? 

How long has that 
battery been 

deployed? 

What is this 
dissolved oxygen 

sensor’s calibration 
history? 

When was the last 
time we cleaned 

this sonde? 

What were the field 
conditions of our 

discharge measurement? 



Data Model developed to 
relate:  
•  Equipment 
•  Field Activities 
•  Deployments 
•  Calibrations 
• Measured Variables 
•  Datalogger Programs 
 
Database serves as 
underlying structure to 
web interface. 

Monitoring Equipment Management 



Monitoring Equipment Management 

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



Monitoring Equipment Management 

Site Visits 

Equipment 

Field Activities 

•  Location 
•  Date 
•  People 
•  Conditions 

•  Activity type 
•  Description 
•  Date 

•  Model 
•  Serial number 
•  Owner 
•  Vendor 
•  Manufacturer 
•  Service history 

Deployments 

•  Deployment type 
•  Description 
•  Dates 
•  Offsets 

Calibrations 

•  Method  
•  Standard 

Time Series 
Observations 



Open Source Code Repositories 

¡  ODM Tools Python – Sensor Data Management 
§  https://github.com/UCHIC/ODMToolsPython 

¡  ODM2 Sensor – Sensor equipment management 
§  https://github.com/UCHIC/ODM2Sensor 

¡ WEBTSA – Time series data visualization 
§  https://github.com/UCHIC/WEBTSA  
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