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Take home messages

* Since preindustrial times, only the ocean has been a
net sink for anthropogenic carbon

e As pCO,™ increases, this sink should be growing

* Direct detection of ocean carbon sink growth is not yet
possible due to internal variability and data sparsity

 Timescales for detection of sink change vary widely



Understanding the carbon cycle is key to
diagnosing and predicting climate change
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Understanding the carbon cycle is key to
diagnosing and predicting climate change
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How is the ocean carbon

sink evolving?




ASSESSING THE EVOLVING OCEAN
CARBON SINK WITH DATA



Two views of the ocean carbon sink

Column-integrated anthropogenic Annual sea to air
carbon accumulation, 1994 total CO, flux, 2000
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Two views of the ocean carbon sink

Annual sea to air
total CO, flux, 2000

olumn-integrated anthropogenic
carbon accumulation, 1994

90°E  180° 90°W O°

ey
0 20 40 80 &80
moles m-2

CO, Flux (molC/m?Ayr)

Sabine et al.(2004), Science Landschutzer et al.(2014), GBC

Total carbon = anthropogenic carbon + natural carbon



Interior data to find anthropogenic carbon
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Interior data to find anthropogenic carbon
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Total ocean anthropogenic CO,
accumulation through 1994
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Increasing rate of anthropogenic CO, uptake from
interior data, assuming constant circulation and biology
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Anthropogenic carbon reservoirs (PgC), 1765-2011
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Temporal Evolution of Carbon Accumulation )

Anthropogenic Carbon Reservoirs, 1765-2011
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Cumulatively, only the ocean and atmosphere _£
have absorbed anthropogenic carbon
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RCP 8.5 model projection, cumulative
anthropogenic carbon uptake by ocean
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El Nino / La Nina
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RCP 8.5 model projection, cumulative
anthropogenic carbon uptake by ocean
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Two views of the ocean carbon sink

Annual sea to air
total CO, flux, 2000

Column-integrated anthropogenic
carbon accumulation, 1994
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Total carbon = anthropogenic carbon + natural carbon



Surface pCO, observations
..... CO, flux proportional to ApCO,

Ocean Data View

Takahashi et al. 2010, 2014, 2015, CDIAC
Pfeil et al., Sabine et al. 2013, ESSD



CO, flux trends from surface pCO,

pCOZS.OCGan

ApCO,

Time

Parallel Trends

dp Cozs.ocean/dt —
dpCO,2m/dt

dApCO,/dt =0
d(CO,Flux)/dt = 0

STEADY SINKS AND
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pCO,*°c trend different from pCO, 2™
trend indicates change in CO, flux
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pCOZS.OCGan

time

McKinley et al. (2011) Nature Geosci.

Fay and McKinley (2013) Global Biogeochem Cycles
Fay and McKinley (2014), Earth System Sci. Data
Fay et al. (2014) Geophys Res. Lett

Lovenduski et al. (2015) Global Biogeochem Cycles
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1990-2005

dp Cozs.ocean/dt S
dpCO,am/dt

DECLINING SINK

1981-2010

dp Cozs.ocean/dt <
dpCO,2m/dt

GROWING SINK
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On what timescale does the ocean
response to pCO,*™ forcing become clea r? reeeg
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When should growth in the sink

be detectable?
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USE A EARTH SYSTEM MODEL TO
ASSESS DETECTION TIMESCALES



NCAR Community Earth System Model Large

Ensemble (CESM-LE)
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N. America DJF Temperature 55 year trend, 2005-2060
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N. America DJF Temperature 55 year trend, 2005-2060
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N. America DJF Temperature 55 year trend, 2005-2060

a b c

1 Mazatlan, Mexico

o
.‘]I

Temperature anomaly (°C)

Temperature trend (°C per 55 years)

__ Glaobe |
. A L 0 h r. A A nl‘ B 'IM N M O
\ 0] WAV WA SNV ]

£ s i

Coolest

-6

5 -4-3-2-1 Q1 2 3 45 4
Temperature trend (°C per 55 years)

1910 1930 1950

970 1990 2010 2030 2050

Year

Deser et al. 2012, Nature Climate Change

0 5 1015 202530

Number of model runs



DECLINING

CO, flux trend in a Large Ensemble, 1990-99 | SINK
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CO, flux trend in a Large Ensemble, 1990-99
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DECLINING

CO, flux trend in a Large Ensemble, 1990-99 | SINK
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CO, flux forced trend vs. DECHIMING
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CO, flux forced trend vs. DECHIMING
SINK
Trend variability across ensemble GROWING
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CO, flux forced trend vs. DECHIMING
SINK
Trend variability across ensemble GROWING
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CO, flux forced trend vs. DECLINING

Trend variability across ensemble GROWING
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Time of Emergence for CO, flux
= year sink change detectable if data since 1990
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Take home messages

* Since preindustrial times, only the ocean has been a
net sink for anthropogenic carbon

e With rapid pCO,?™ growth, the sink should be growing

* Direct detection of ocean carbon sink growth is not yet
possible due to data sparsity and internal variability

 Timescales for detection of sink change vary widely
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