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Temporal evolution of carbon accumulation
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Southern Ocean
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Air-sea flux anomaly (PgC yr)

CO, sink variability from
gap-filled pCO,

0.4

0.2

Neural network Atmospheric inversion

S R
i, o AT

Is the ocean sink actually
growing as expected?

2010

et al. 2015 Science



IR I A B I T

Z_H__Mdﬂwml - e -0

P OOOO 080D~ o

R I

B

B eEE 8 ArHAAAD A SO D

B n 0 OHOE o

- QD

DB -0 00000 « ~
bl Ry Y [ e

THHOO OO0

i

AR E - 5 « 8 8

AEHAB A AR EO 0 4 9 1 = 8

R

00 0 0w

LARGE ENSEMBLE MODELING TO
ASSESS DETECTION TIMESCALES



S
D
>

Ensem

Global Mean Surface
Temperature Anomaly (K)

S = N W kW
© © o o o o

-
(=}
Ll

observations
members 2-30

| | | | |
1850 19201950 2000 2050 2100

Kay et al. 2014 BAMS



COZ flux trend, NCAR LENS, 1995-2005
Total Trend = Forced Trend + Internal Trend
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Forced trend in CO, flux, 1985-2015
(mol/m?/yr?)

DO 35 YEARS OF SURFACE DATA
REFLECT MODELLED FORCED TRENDS?



Surface pCO, observations
..... Since CO, flux proportional to ApCO,
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Non-zero ApCO, trend indicates CO, flux change

dApCO,/dt > 0
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N. Pacific Subpolar Seasonally Strat.
Observed ApCO, trends
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N. Pacific Subtrop. Seasonally Strat.
Observed ApCO, trends
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N. Pac. Subtrop. Permanently Strat.
Observed ApCO, trends
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N. Atlantic Subpolar Seasonally Strat.
Observed ApCO, trends
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N. Atlantic Subtrop. Seasonally Strat.
Observed ApCO, trends
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N. Atl. Subtrop. Permanently Strat.
Observed ApCO, trends
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S. Ocean Subpolar Seasonally Strat.
Observed ApCO, trends
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S. Ocean Subtrop. Seasonally Strat.
Observed ApCO, trends

1981
1982
1983
1984
1985
1986

1987

1988 ' DECLINING
1989 SINK

1990
oo GROWING

1992 SINK

1993
1994
1995
1996
1997
1998
1999
2000

1 yr 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
y dpCO,/dt

H W (watm/yr)
| | | | [
-1 08 06 04 02 0.4 0.6 0.8 1

0 0.2




Take home messages

* Internal variability complicates detection of expected
growth in the ocean carbon sink

e 35 years of data reveal

— N. Pacific: Gradient of strong to weak sink growth from
subpolar to subtropical, consistent with forced trend

— N. Atlantic: Strongest sink increase in subpolar, weak in
subtropical, low frequency variability clear in STSS

— S. Ocean: Low freq. variability, stronger sink growth in STSS

e Data are consistent with emergence in some places, but
more decades required to confirm detection
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TO WHAT DEGREE DOES BIOLOGY
DRIVE CARBON CYCLE VARIABILITY?



Does pCO, correlate to satellite chlorophyll?

* Co-located (1x1) Chlorophyll, pCO,, Source
SST, MLD Chlorophyll | SeaWiFS/ MODIS
(Measures)
* Monthly 1998-2014 °CO, SOCATV3
* Correlations at seasonal, monthly SST SOCATV3
anomaly, and interannual timescales | \1p ECCO?2 (state est.)

e Spatial scale: 1x1 degree resolution
and global biomes
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pCO, cycle at
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pCO, cycle at
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Physics must be primary control if pCO,-T drives pCO,,
despite a typically negative pCO, correlation to Chl
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Biological pump potentially driving carbon cycle if

(1) negative pCO,-Chl correlation (2) pCO,-nonT dominant
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MLD analysis identifies nutrient vs. light limitation
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Typical Subtropical:
Productive winter, pCO,-T dominant
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Southern Ocean STSS timeseries
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Seasonal

Monthly Anomaly

Interannual Variability
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Typical subtropical dynamics
winter productive season, pCO,-T dominant
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Seasonal Chlorophyll to pCO, correlation
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Column-integrated anthropogenic
carbon 1994 (mol/m?) DATA
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Increasing rate of anthropogenic CO, uptake from
interior data, assuming constant circulation and bioloqy
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