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Alternative acronyms considered in 2003

Keep Every Experimenter Linked and Intercompared in a Networking Group 
(KEELING)

INTERcomparisons For Experimenters Recording Oxygen Measurements Enabling 
Tremendously Exciting Research 

(INTERFEROMETER)

ATmospheric OXygen InterComparison programme
(A TOXIC programme)

ATmospheric Oxygen Measurements InterComparison programme
(ATOMIC programme)
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Talk outline
 Introduction and historical background

 Details of the GOLLUM programme

 Submitting data

 Viewing data live

 Provisional results:
– 2021-2023
– 2004-2014

• Coping with seemingly drifting cylinders

 Other O2 intercomparison programmes

 Future outlook: suggestions and plans
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Introduction
 There is no official WMO calibration scale for O2/N2 measurements

– Mostly because of a lack of resources (money, people, time) for anyone to 
maintain such a scale

 Many (but not all) labs are unofficially on the “Scripps O2 scale”
– But “Scripps O2 scale” means different things for different labs
– There are no established protocols for maintaining one’s links to this scale

 As a result, combining atmospheric O2/N2 datasets from different labs is 
problematic, and even impossible
– This stymies scientific progress and collaboration

 The GOLLUM programme was initiated in 2003 (by Andrew Manning and Ralph 
Keeling) to start to address these deficiencies
– Following agreement at the GGMT-2003 meeting in Toronto, Canada
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Details of the GOLLUM programme
 Rotation of cylinders started in 2004, for 11 years

– Stopped in 2014 as cylinders needed to be refilled
– Refilling did not happen until 2020 – Tim Lueker has guaranteed this will never reoccur

 Rotations resumed in 2021, continuing indefinitely

 Rotations consist of 2 sets of 3 cylinders, referred to as “Bilbo” and “Frodo” sets
– The two sets rotate in opposite directions around the world
– NOTE: The same 6 cylinders are used in both time periods 

• BUT 2 CYLINDERS HAVE SWITCHED THEIR AFFILIATION between Frodo and Bilbo!
• Do not let this confuse you!

 Species included: O2/N2, CO2, Ar/N2

 2004-2014:
– 10 participating laboratories

 2021-present:
– 11 participating laboratories in 7 countries

• AIST + ICOS added; PU stopped

 GOLLUM programme has never had any source of funding!!
Slide 11 of 37
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GOLLUM rotations – 2004-2014
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Frodo
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CIO-RUG
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CMAR
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SIO

PU

UBERN

UEANIES

Slide 12 of 37



Andrew Manning, UEA/ENV (a.manning@uea.ac.uk) WAO4 Workshop, Brunswick, USA, 23-25Aug2023

GOLLUM rotations – 2021-present

Bilbo

Frodo
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AIST
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CIO-RUGNIES
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http://gollum.uea.ac.uk/
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Submitting data (i)
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Submitting data (ii)
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Submitting data (iii)
 I strongly recommend submitting data via an automated ASCII text file

– Much faster after initial setup; reduces human errors
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Submitting data (iv)
 Example ASCII text file from Britt Stephens (NCAR)

– Generated automatically in Britt’s lab by his data processing code
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Viewing data
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Viewing data: Live website demonstration

https://gollum.uea.ac.uk/results/index.php

 Note: unusual error bars (for summary average plots)

 “Zero” refers to SIO measurements in Oct/Nov2020
– Or Sep2004, for the older period

 Stations with calibration scale offsets are indicated in legend

 Diamonds = Frodo; Circles = Bilbo

 Dashed horizontal lines = WMO compatibility goals
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Very preliminary and provisional results
 VERY IMPORTANT: 

– GOLLUM data are currently a mess, sorry!
– Many different calibration scales; sometimes not even known
– Much data not updated to latest scales
– Some data not yet received
– Some obvious errors, which labs need more time to investigate

 Please do not draw any negative conclusions from the following slides!
– These slides are only to demonstrate some of the analyses that are possible with 

GOLLUM data
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Smorgasbord of calibration scales

Ar/N2CO2O2/N2Organisation
?AISTAISTAIST
–?SIO2017CIO-RUG
?WMO X2019Pre-SIO2017ICOS
??Pre-SIO2017MPI-BGC
–SIO CO2

1 + WMO X2019SIO2017NCAR
–NIES 09NIES originalNIES
–?Pre-SIO2017NIWA
?WMO X2007PUPU
SIO Ar/N2SIO CO2

1SIO2017SIO
–TUTUTU
???UBERN
–SIO CO2

1 + WMO X2007Pre-SIO2017UEA
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1 But what does “SIO CO2” mean?
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1 But what does “SIO CO2” mean?
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2021-2023 summary results: O2/N2, CO2, Ar/N2
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O2/N2

CO2

Ar/N2



Andrew Manning, UEA/ENV (a.manning@uea.ac.uk) WAO4 Workshop, Brunswick, USA, 23-25Aug2023

2004-2014 summary results: Ar/N2
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2004-2014 summary results: CO2
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2004-2014 summary results: O2/N2
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2004-2014: Scripps in more detail: Ranges

Slide 28 of 37

O2/N2

CO2
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2004-2014: Scripps in more detail: CO2 trends
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2004-2014: Scripps in more detail: O2 trends
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Linear + quadratic fits to Scripps CO2
 Additional Scripps measurements in 2016 and 2018, allows more robust trend lines

 Linear fits in red; quadratic fits in blue
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Linear + quadratic fits to Scripps O2/N2
 Additional Scripps measurements in 2016 and 2018, allows more robust trend lines

 Linear fits in red; quadratic fits in blue
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Recalculate all results with Scripps fits: CO2
 Do we get better agreement with linear or quadratic fits, compared to SIO 2004 offset?

– No point trying to answer this until better quality control + scale updates

SIO 2004 offset Linear offset Quadratic offset
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Recalculate all results with Scripps fits: O2/N2
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Other O2 intercomparison programmes
 “Sausage” flask intercomparison 

– GOLLUM ran such a programme for a few years in the 2000’s
– Any interest in restarting this?

 Co-located “supersite” measurements
– Flasks from two organisations: e.g. ALT (SIO + MPI-BGC)
– Continuous and flasks: e.g. LJO
– Do we want more of these?

 WMO Round Robins
– Britt (NCAR) measures these for O2/N2, so these act like a GOLLUM snapshot

• You need to tell NOAA (Duane) that you want to do O2/N2 analyses
• Figure shows 2014/15 WMO RR:
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Future outlook: Suggestions and plans (i)
 Establish recommendations for best practice to maintain links to SIO O2 scale

– A) For those who have Scripps Primary cylinders
– B) For those who maintain their own in-house scales

 GOLLUM cylinders **must** rotate faster
– 5 weeks in each laboratory (+ shipping time)
– Average so far = ~8 weeks

 GOLLUM data **must** be submitted timely
– 5 weeks after analyses

 Many labs **must** update to SIO 2017 O2 scale
– And any successor SIO O2 scale
– Suggested goal to do so: 1 year after scale is released
– My lab is also very guilty here!!

 New scale releases from SIO should be announced on GOLLUM mailing list
– (To add/remove people to GOLLUM (or APO) mailing lists – email Andrew)

 I welcome feedback and criticism – website, protocols, data analyses…
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Future outlook: Suggestions and plans (ii)
 Next steps – my request:

– Everyone to quality control their GOLLUM data, including checking how it 
looks on the website

– Where relevant, everyone to update to SIO 2017 O2 scale
• And apply next SIO scale update promptly

– Then we will look again at linear + quadratic offsets
• Any suggestions for alternative offset analyses?

 What should we do about CO2, given the scale differences?

 Have not looked at mole fraction dependencies, but this will be limited by the 
mole fractions of the cylinders:
– 2021-onwards will be better…

 Cylinders with dip tubes?

 Finally, how to use GOLLUM results to merge datasets for the data users???
– In “Cucumbers” ICP, we quantified average lab offsets over 5-year timeframes




