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New wine in old bottles:

a little history









…and many more recent, 
excellent, papers



Our data collection didn’t end there…



Shipboard data
(NOAA ship Ka’imimo’ana)
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• Characterize east-west structure of 
APO across the Equatorial Pacific

• From this, learn about oceanic and 
atmospheric processes 

Goals
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Thanks to:  Paul Freitag, Cathy Cosca, Brian Lake, 
Wendy Bradfield-Smith



Approach #1:  Intuition
(Jacob Forsyth)

• Detrend (CCGVU using KUM)



Data courtesy of Keeling lab.



Approach #1:  Intuition
(Jacob Forsyth)

• Detrend (CCGVU using KUM)
• Find origin of air mass (HYSPLIT)





Approach #1:  Intuition
(Jacob Forsyth)

• Detrend (CCGVU using KUM)
• Find origin of air mass (HYSPLIT)
• Subtract seasonal cycle (KUM or SMO)



Approach #1:  Intuition
(Jacob Forsyth)

• Detrend (CCGVU using KUM)
• Find origin of air mass (HYSPLIT)
• Subtract seasonal cycle (KUM or SMO)
• Average over time



Approach #1:  Intuition
(Jacob Forsyth)

• Detrend (CCGVU using KUM)
• Find origin of air mass (HYSPLIT)
• Subtract seasonal cycle (KUM or SMO)
• Average over time
• Fit gradients with Butterworth filter





Approach #1:  Intuition
(Jacob Forsyth)

• Detrend (CCGVU using KUM)
• Find origin of air mass (HYSPLIT)
• Subtract seasonal cycle (KUM or SMO)
• Average over time
• Fit gradients with Butterworth filter
• Problems: Aliasing





Approach #2:  Model-guided

Use model to develop an analysis 
protocol that gives the same gradients 

for
sparse and full sampling.



Model details

• Atmospheric transport: TM3
• Annual Mean O2 and N2 fluxes: Ocean 

inversion (Gloor et al., 2001, Gruber et 
al., 2001)

• Seasonal O2 and N2 (Garcia & Keeling 
2001

• CO2 from oceans (Takahashi et al., 
2009);

• CO2 from fossil fuels (CDIAC)

Modeling: Sara Mikaloff-Fletcher



Simplest starting point
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Detrended and zeroed (by lat)



Approach #2:  Model-guided

• Detrend (CCGVU using KUM)
• Zero each latitude band and combine
• Subtract scaled seasonal cycle (KUM or 

SMO) by latitude



Scale factors for seasonal cycles

Lat 8S 4S 0 4N 8N

Ref
site

SMO SMO SMO SMO KUM

Scale 
factor

0.82 0.66 0.62 0.18 0.37



Approach #2:  Model-guided

• Detrend (CCGVU using KUM)
• Zero each latitude band and combine
• Subtract scaled seasonal cycle (KUM or 

SMO) by latitude
• Average over all times



Impact of deseasonalizing



Data: fully processed



Data-model comparison



What determines the gradient?

(full model)



Temporal dependence?



Temporal dependence?



Conclusions

• Eq. Pac. APO gradients are modest
• Correcting for sparse sampling is hard
• Model not obviously wrong
• Model suggests any gradient is due to 

seasonal O2 fluxes
• Hints of ENSO dependence



Impact of the analysis


