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Observed time series of CO,, O,, and APO
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Global carbon budgets based on observed APO
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3 @] col

Pacific region based on the flask samples.

 Compare seasonal cycles between observation
and simulation.

»Climatological ocean O, fluxes from Garcia and
Keeling (2001) was used to simulate APO.

* Examine the difference from the viewpoint of air-
sea O, fluxes.



Garcia & Keeling (2001): Global monthly climatology of air-sea O, fluxes

11111 GARCIA AND KEELING: OCEAN O, FLUX

OAir-sea O, fluxes were estimated
from ocean heat flux anomalies and
linear regressions between the heat
flux anomalies and air-sea O, flux.
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Discrepancy in APO seasonal cycle between observation
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Potential mechanisms for ocean O, emissions In fall

O O, emission from SOM associated
with fall overturning
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Latitude (deg. N)

Average APO seasonal cycles for three fixed sites
and 42 10°x10° bins
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100

130

200
Longitude (deg. E)
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Fixed sites:

HAT (Hateruma Island, Jul. 1997~)
COlI (Cape Ochiishi, Dec. 19997)
MNM (Minamitorishima, 2011~)

Onboard cargo ships:

North America route (Dec. 20017)

New Zealand/Australia route (Dec. 2001")
Southeast Asia route (Sep. 20077)

The APO data from the cargo ships were
binned into 10° X 10° bins (see left figure).
The 42 bins, that have enough data
number for the seasonal analysis, were
used in this study.



Model simulation and regression analysis

Table 1 Model and data used in simulation

Data sources & model

References

Atmos. Trans. model
Meteorological data
Calculation period

Ocean fluxes

O, annual mean

N, annual mean

O, seasonal anomaly
N, seasonal anomaly
CO, monthly mean

Fossil fuel O, and CO,
fluxes

NIES-TM
JRAS55 reanalysis data
2000-2016

Gruber et al. (2001)
Gloor et al. (2001)
Garcia & Keeling (2001)
Blaine (2005)
Takahashi et al. (2009)

CDIAC(2016)

1)

2)

3)

4)

Calculation of seasonal cycle

Remove the long-term trend
(quadratic polynomial) from the data
of the fixed site or the 10x10 bin.

Prepare the dataset of the same size
as the original dataset of the
detrended APO by random sampling
with replacement.

Fit the above dataset with a function

of sum of first and second harmonics
by a least square method.

2
y = Z{aisin(zmt) + b;cos(2mit)}

Repeaﬁlabove procedure (n=10000).
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AAPO (per meg)
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Comparison of APO seasonality
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Comparison of APO seasonality

Phase min. Phase difference Phase max. Phase difference
(Julian day) (Obs - Sim) (Julian day) (Obs - Sim)
0 50 100 150 200 250 30060 -40 -20 0 20 40 60 80 0 50 100 150 200 250 30050 -40 -20 0 20 40 60
PRI T S [N SN T T T T T N T SN ST S TSN T ST T M N N RN | | I S S N T S T N SN ST T N ST T [N T TN S AN ST T T N SO PR ST TR T S T T T [ SN T ST T N ST T W N T ST SN S SN SO T S | l PR S S TR N NN SR TR SN N S S S | PR I S S
L] . T s
55N205E - b - 55N205E - (O S
55N195E - - 55N195E - -
55N185E ~ w0] : - 55N185E ] -
55N175E - _ . - 55N175E |
55N165E g : - 55N 165E | “ T -
45N225E = . 45N225E - o
45N215E 1 e - o 45N215E 1
45N205E - g [ - 45N205E - 20] a -
45N195E - 5 - 45N195E -
45N185E - 0] . : - 45N185E - o] -
45N175E - : - 45N175E . -
45N165E R /R P v e . - 45N165E T 61 122 183 244 304 365
45N155E Julian Day . - 45N155E - Julian Day |
45N145E - - A : - 45N145E - -
col # o Hi- - col - ) - -
35N225E - L - : L 35N225E Obs![ L
35N215E — Obs E : - 35N215E | / -
35N195E - - : - 35N195E - -
35N185E - - . - 35N185E - -
35N165E 1 oA - = 35N165E 1 . .
35N155E - F - 35N155E - Sim. - - -
(/) 35N145E - - : - (/) 35N145E - -
=" 25N225E - : - == 25N225E - -
M 25N215E . : - D 25N215E -
25N205E 1 oA - = 25N205E 1
MNM o &f - . - MNM - -
25N145E - - . - 25N145E -
25N135E - - : - 25N135E -
HAT 4 ¢ - . - HAT - -
15N265E - E—— 15N265E
15N255E - - - 15N255E -
15N145E - —'?— - 15N145E -
15N115E | - . - 15N115E
05N155E | - — - 05N155E -
05N145E - - : - 05N145E -
05N115E | - : - 05N115E - -
05N105E | - E - 05N105E -
05S155E —r—— - 2 . 05S155E - : -
055105E » - . = 05S105E : -
155165E - . - 155165E - . -
155155E | I - - Phase difference= T - 15S155E - AN - 1 Phase difference J_S— -
25S165E S - oA (Obs-Sim) * u 25S165E t . (Obs-Sim) H r
255155E m. .- -Ai - 255155E e Phase maximum | 1 - : —~. |
358175E . : - 355175E - - : -
355165E 11 - : e - 355165E - Il - : A -
rrrTrTrTT T T T T T T T T T T T T T T T T T T T T LENLENLE L AL L AL LA LA LA DL AL AL B T T T T T T T T T T T T T T T T T T LA LA L AL L L LA L LI




APO (per meg)

Simulated APO seasonal cycles vs. those
based on 2-week delayed O, fluxes
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APO (per meg)

Simulated APO seasonal cycles vs. those
based on 2-week delayed O, fluxes
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Latitude (deg.)

Distribution of peak height of the apparent fall peak derived from
2-week delayed air-sea O, fluxes

Peak height along 42 bins (per meg
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Comparison of APO seasonal cycle between observation and simulation
after adjustment of peak amplitude and phase differences
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Comparison of APO seasonal cycle between observation and simulation
after adjustment of peak amplitude and phase differences
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Comparison of APO seasonal cycle between observation and simulation
after adjustment of peak amplitude and phase differences
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Apparent fall peak derived from observation and
simulation
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Experimental simulation: modified air-sea O, tlux

Zonal O, flux (umol/m?/s)
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O Following flux is added to the original
air-sea O, fluxes from Garcia and
Keeling (2001)

0-60°N Sep.-Nov. +0.3pmol/m?/s
60°S-0 Mar.-May  +0.3pmol/m?/s

OThe O, fluxes were vertically shifted so
that the annually integrated O, flux is
zero.
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Summary

* Simulated seasonal cycles based on climatological air-sea O, flux
(Garcia and Keeling, 2001) and NIES-TM transport model were
compared.

* The differences in the seasonal cycles (obs-sim) showed
enhancements during fall-winter (apparent fall peaks).

* The amplitude of the apparent fall peaks are markedly high in
latitudinal band of 20-60°N, especially in that of 40-60°N.

* Above fall APO enhancements may be attributed to the oceanic O,
emissions associated probably with fall blooming in the northern
North Pacific and with disappearance of SOM in the mid-latitudinal
North Pacific.

* Additional air-sea O, fluxes of 0.3umol/m?/s for 0-60°N in Sep.-Nov.
seem not to be enough to explain the above fall peaks in 30-60°N.



Important notice (last message)

* Because of my retirement in this fiscal year, the measurements of
the flask samples from NIES’s network will be taken over by
Ishidoya-san (AIST) from next April.

* Therefore, Ar/N, measurement coverage will also be expanded
as well as O,/N, measurement coverage.

* The O,/N, data for the previous NIES’s flasks are now available
via NIES’s Global Environmental Database (GED).

> https://db.cger.nies.go.jp/ged/ja/
 HAT: 10.17595/20230830.001
 COl: 10.17595/20230830.002
 MNM: 10.17595/20230830.003
 Ship: 10.17595/20230830.004



https://db.cger.nies.go.jp/ged/ja/
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