
QARTOD 101: 
An Introduction to GLOS Real-Time 

Quality Control Procedures

Becky Pearson/GLOS  •  Tad Slawecki/LimnoTech • Kelly Knee/RPS



Agenda

• What is QARTOD?
• QARTOD implementation at GLOS
• QARTOD application and implications
• GLOS and QARTOD: next steps



What is QARTOD?

• Quality Assurance/Quality Control for Real-Time 
Oceanographic Data

• Standardized tests
• Ensures available data is of known quality
• IOOS Certification requirement for Regional 

Information Coordination Entities (RICE) 



Being a certified RICE means…
• Local observing data are leveraged to expand the pool 

of federal-quality data available nationwide.
• GLOS data are as reliable as the data you get from 

federal sources like NOAA.
• Federal sources are able to use this data without 

spending time and resources on additional QC. 
• Data are archived at a national center which facilitates 

long-term data 
research.



Seven Data Management Laws of QARTOD
1. Every real-time observation distributed to the ocean community must be 

accompanied by a quality descriptor.
2. All observations should be subject to some level of automated real-time quality 

test.
3. Quality flags and quality test descriptions must be sufficiently described in the 

accompanying metadata.
4. Observers should independently verify or calibrate a sensor before deployment.
5. Observers should describe their method/calibration accuracy in the real-time 

metadata.
6. Observers should quantify the level of calibration accuracy and the associated 

expected error bounds.
7. Manual checks on the automated procedures, the real-time data collected and the 

status of the observing system must be provided by the observer on a time scale 
appropriate to ensure the integrity of the observing system. 



QARTOD Tests and Parameters

26 IOOS CORE VARIABLES
ACIDITY FISH ABUNDANCE PATHOGENS TEMPERATURE*

BATHYMETRY FISH SPECIES PHYTOPLANKTON SPECIES* TOTAL SUSPENDED 
MATTER

BOTTOM CHARACTER HEAT FLUX SALINITY* WIND SPEED AND 
DIRECTION*

COLORED DISSOLVED 
ORGANIC MATTER*

ICE DISTRIBUTION SEA LEVEL* ZOOPLANKTON 
ABUNDANCE

CONTAMINANTS Ocean Color STREAM FLOW ZOOPLANKTON SPECIES

DISSOLVED NUTRIENTS* OPTICAL PROPERTIES* SURFACE CURRENTS*

DISSOLVED OXYGEN* PARTIAL PRESSURE OF CO2 SURFACE WAVES*



QARTOD Tests and Parameters
• QARTOD Manuals

• Real-Time Quality Control of Passive Acoustics Data
• Real-Time Quality Control of Phytoplankton Data
• Real-Time Quality Control of HF Radar Observations
• Real-Time Quality Control of Dissolved Nutrients Observations
• Real-Time Quality Control of Wind Data
• Real-Time Quality Control of Water Level Data
• Real-Time Quality Control of In-Situ Surface Wave Data
• Real-Time Quality Control of Ocean Optics Data
• Real-Time Quality Control of In-Situ Temperature and Salinity Data
• Real-Time Quality Control of In-Situ Current Observations
• Real-Time Quality Control of Dissolved Oxygen Observations in Coastal 

Oceans



QARTOD Tests and Parameters
• US IOOS 26 Core 

Variables
• Nine completed
• Two non-core completed
• Three supporting docs



QARTOD Tests and Parameters

• Required, 
recommended and 
suggested QC tests

Example from IOOS “Manual for Real‐
Time Quality Control of In‐situ 
Temperature and Salinity Data”



QARTOD Tests and Parameters
Flag  Primary‐Level Flag Short Name  Definition
1  Pass / Good  Data have passed critical real‐time 

quality control tests and are 
deemed adequate for use as 
preliminary data

2  Not evaluated, not available or 
unknown 

Data have not been QC‐tested or 
the information on quality is not 
available

3  Questionable / suspect  Data are considered to be either 
suspect or of high interest to data 
providers and users. They are 
flagged suspect to draw further 
attention to them by operators 

4  Fail / Bad  Data are considered to have failed 
one or more critical real‐time QC 
checks. If they are disseminated at 
all, it should be readily apparent 
that they are not of acceptable 
quality

9  Missing Data  Used as a placeholder when data 
are missing

 



GLOS QARTOD Tests and Parameters



QARTOD Tests and Parameters

Example from IOOS “Manual for Real‐
Time Quality Control of In‐situ 
Temperature and Salinity Data”



QARTOD Tests and Parameters
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QARTOD Tests and Parameters
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QARTOD Tests and Parameters

Example from IOOS “Manual for Real‐
Time Quality Control of In‐situ 
Temperature and Salinity Data”



GLOS QARTOD Implementation: Data Flow
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GLOS QARTOD Implementation: Details

• Default flag values to ‘2’ for ‘Not Evaluated’ on initialization
• Individual flags for each test + primary flag
• Run tests on observations in near real-time (hourly)
• Run QC on-demand for delayed data if necessary
• Standardized spreadsheet for configuration of QC parameters
• NetCDF solution 

• stores flags as values
• adds many variables to every dataset, but...
• clear, self-describing



GLOS QARTOD Implementation: Packages

1. IOOS QARTOD: utilities, scripts and tests to assist in 
automated QARTOD application
• Implementation agnostic - requires array of data and returns array of 

flags
• Includes location, gross range, climatology, spike, rate of change, flat 

line, attenuated signal
• Includes tests for the tests 

2. GLOS netCDF Wrapper: python utility for applying IOOS 
QARTOD to netCDF time-series datasets.
• Reads netCDF files
• Reads QARTOD config file
• Initializes/applies the tests
• Writes the results to netCDF



QARTOD Examples
• TDS access demo
• RPS tool demo (non-GLOS)



TDS Access
http://tds.glos.us/thredds/dodsC/buoy_agg_standard_qc/leelyria/leelyria.ncml?Water_Temperature_at_Surface[0:1:100]
,qartod_Water_Temperature_at_Surface_flat_line_flag[0:1:100],qartod_Water_Temperature_at_Surface_gross_range_fla
g[0:1:100],qartod_Water_Temperature_at_Surface_spike_flag[0:1:100],qartod_Water_Temperature_at_Surface_primary
_flag[0:1:100],qartod_Water_Temperature_at_Surface_rate_of_change_flag[0:1:100]



TDS Access



Jupyter Notebook



GLOS QARTOD: Next Steps?
• Refine test parameters 
• Alerts to data providers
• Add more tests at GLOS or provider level

• Climatologies?
• Add more parameters
• Integrate flags with retrieval/visualization



Useful Links
• IOOS QARTOD Project site

• https://ioos.noaa.gov/project/qartod/
• GitHub QARTOD code

• https://ioos.github.io/qartod
• GitHub GLOS QARTOD

• https://github.com/glos/glos-qartod
• RPS Jupyter notebook

• https://github.com/glos/QARTOD/blob/master/notebooks/plot_QARTOD_results.ipynb

• GLOS TDS
• http://tds.glos.us/thredds/catalog.html

• Feedback
• dmac@glos.us



Wrap-Up
• Questions or comments?
• Thank you … 

• Please fill out our webinar survey!


