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Integrated Carbon Observation System (ICOS) 

Scientific Mission:

• Increase fundamental understanding of carbon 

cycle, greenhouse gas budgets and perturbations, 

and underlying processes

• Increase ability to predict future changes

• Verify the effectiveness of policies aiming to reduce 

greenhouse gas emissions

• Foster technical and scientific innovation

• Contribute in education and capacity building

https://www.icos-ri.eu



ICOS Stations 

134 measurement stations
12   Member countries

80 Ecosystem stations

33 Atmosphere stations

21 Ocean stations

including two stations in Greenland, 

one in French Guyana, La Reunion, Cape Verde 

(not visible here)
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ICOS Data Flow

Standardized data

processing

Centralized quality

control

Scientific QC performed

by the station PI

Data provenance, 

curation and archiving

Clear open data license

Data citation
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Global integration
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The Ocean Thematic 

Centre

https://otc.icos-cp.eu/

https://otc.icos-cp.eu/


OTC tasks and mission
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1. Leadership, coordination, 
network design and 
stakeholder liaison  

2. Labeling

3. Data 
availability and 

quality
4. Training 5. Ship Liaison

6: New technology 
and new platforms



Which precision do we actually need?
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Target 14.3:

minimize and address the

impacts of ocean acidification



Which precision do we actually need?

The climate goal

• to assess long-term trends 
with a defined level of 
confidence, 

• supporting detection of the 
long-term anthropogenically
driven changes in 
hydrographic conditions and 
carbon chemistry over multi-
decadal time scales. 

Implies an uncertainty of :

• pH ~0.003 

• TA, DIC ~2 μmol kg−1 

• pCO2 ~0.5% relative 
uncertainty 
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The weather goal

• relative spatial patterns and 

short-term variations 

• supporting mechanistic 

response to and impact on 

local, immediate ocean 

acidification dynamics. 

Implies an uncertainty of: 

• pH ~0.02 

• TA, DIC ~10 μmol kg−1

• pCO2 ~2.5% relative 

uncertainty 



ICOS Oceans CO2 sensors - moorings
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Contros HydroC CO2
• Membrane equilibration

• IR CO2 detection

• Auto zeroing

• Pre/post calibration necessary

Pro Oceanus CO2-Pro
• Membrane equilibration

• IR CO2 detection

• Auto zeroing

Sunburst SAMI-CO2
• Membrane equilibration

• colorimetric reagent method

Photos: http://sunburstsensors.com, http://pro-oceanus.com, https://www.kongsberg.com



ICOS Oceans CO2 sensors – Carbon-VOS
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Water/air equilibrator based systems
• Standard: General Oceanics

• Several custom built systems

• Bubble/spray… equilibration

• IR CO2 detection (other detectors 

possible)

Contros HydroC CO2 FT
• Membrane equilibration

• IR CO2 detection

• Auto zeroing

• Pre/post calibration necessary

SubCtech OceanPack pCO2
• Membrane equilibration

• IR CO2 detection

• Auto zeroing, standard gases possible



(Ferguson et al., 2014, Nature)

Challenge of handling climate goal data: 

operational

Pareto Principle 80/20 rule
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QuinCe - online tool for data 

reduction and quality control of 

surface ocean fCO2 data

Poster by Steve Jones (University of Bergen)



QuinCe - Motivation

• A single, centralised tool - data from all sources is treated 

with the same community-approved algorithms 

• Removes code development responsibilities from scientists 

• Open Source code increases traceability and transparency 

• Reduces data handling work required by scientists 

• Flexible architecture will allow shorter development time for 

new projects using different types of data 



QuinCe - Features

• Upload data in any text format

• Individual sensor calibration adjustments can be applied 

• Data reduction is performed automatically, with calibration to gas 

standards 

• Automated QC routines detect common issues

• Extensive plotting and mapping tools for manual QC 

• All QC decisions (automatic and manual) are recorded for future 

traceability 

• Automatic submission to ICOS, CMEMS INSTAC and SOCAT

• Near Real Time processing allows fully automatic data flow from 

ship to publication within minutes 



QuinCe - Future developments

• Complete metadata integration 

• More intelligent automatic QC routines based on 

previous data sets and external data sources 

• Uncertainty propagation 

• Longitudinal study of instrument performance 

• More variables (pH, O2 ...) 



QuinCe – status: quality control

Follows SOCAT quality control procedures

In its current version, QuinCe performs checks on:

• File format 

• Monotonically increasing timestamps

• Range (bad/impossible and questionable)

• Constant values for a certain period (may indicate 

instrument malfunction).

• Outliers (standard deviation range checks)

• Excessive gradients during a certain period





Poster by Steve Jones (University of Bergen)



Quality Control for Biogeochemical Data - Workshop 

September 24 and 25 at NOAA/PMEL in Seattle, WA 

Objectives

- Workshop deliverables will be guidance that 

can be applied by the ICOS OTC and NOAA 

OAP developer groups towards an 

implementable solution

- Determine what degree of level 1 and level 2 

quality control is acceptable for which 

variables, and what can be implemented by 

developer groups

- Determine what degree of QC automation is 

possible for both level 1 and level 2.

- SOCAT, GLODAP, ICOS, NOAA OAP, US 

BGC ARGO networks participated



Want to learn more?

Presentation by J.-M. Rintala

and M. Becker

Poster by S. Jones

https://otc.icos-cp.eu

or talk to us

https://otc.icos-cp.eu

