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Science Question

To what degree do the effects of climate change due to warming and CO,
fertilization in isolation combine linearly?
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Radiative Coupling Biogeochemical Coupling
Simulation Other GHG Nitrogen Land Experiment
Identifier CO, & aerosols CO, deposition use Name
RAD v v - - - berd
BGC - - v v - bdrcs.pftcon
FC v v v v - bdrd.pftcon

v Transient anthropogenic forcing
— Constant pre-industrial (1850) forcing



Climate—Carbon Cycle Drivers (1850-2300)
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(a) Prescribed atmospheric CO, mole fraction was stabilized at 1962 ppm around 2250.
(b) 2 m air temperature increased by 9.4°C in FC, 8.9°C in RAD, and 1.0°C in BGC
simulations. (c) Mean air temperature over land increased by 11.6°C in the FC
simulation and approached 25°C at high latitudes.



Net Ocean and Land Carbon Uptake (1850-2300)
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Net ocean carbon storage has a
nonlinear response that Schwinger
et al. (2014) attributed to surface
stratification under climate change
that restricted C penetration into
intermediate and deep waters.

Net land carbon storage also has a
nonlinear response, of opposite sign,
that has not been explored in ESMs,
although Zickfeld et al. (2011)
explored similar nonlinear responses
in an EMIC. It is driven by larger
than expected productivity increases
due to positive hydrological and
nitrogen mineralization feedbacks.



Ocean and Land Climate—Carbon Sensitivities

net ocean carbon storage climate sensitivity (1850-2300)
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Climate Sensitivities and Climate—Carbon Cycle Gains

Climate Sensitivities and Feedback Gains (1850-2300)
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Drivers of Nonlinear Terrestrial Uptake Responses
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excess precipitation increases and reduced evapotranspiration, led to the nonlinear C

uptake response on land under simultaneous climate change and elevated CO; levels.
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Nonlinear GPP Responses Across Model Experiments
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Drivers of Hydrological and Ecological Changes (1850-2300)
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Summary and Conclusions

Science Question

To what degree do the effects of climate change due to warming and CO»
fertilization in isolation combine linearly?

» RAD simulations yielded a net ocean carbon storage climate sensitivity
(7o) that was weaker and a net land carbon storage sensitivity ()
that was stronger than those diagnosed from FC and BGC
simulations.

> For the ocean, the nonlinearity was associated with warming-induced
weakening of ocean circulation and mixing, which limited exchange of
dissolved inorganic carbon between surface and deeper water masses.

» For the land, the nonlinearity was associated with strong gains in gross
primary production in the FC simulation, driven by enhancements in the
hydrological cycle and increased nutrient availability.

> The feedback gain* (g) at 2300 was 42% higher when estimated from

sensitivity parameters derived from (FC — BGC) than from RAD.

» We recommend deriving 75C_BGC and ’){C_BGC in future studies.

*This gain included effects of aerosols and other greenhouse gases.
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Century-by-Century Carbon & Temperature Changes

Time (year)
Variable 2000 2100 2200 2300
[CO2]4 (PPmM) 369 936 1829 1962
Time Period (years)

Variable 1850-2000 1850-2100 1850-2200 1850-2300
ATEAD (K) 1.13 4.76 7.46 8.90
ATESC (K) 0.10 0.50 0.87 0.99
ATFS (K) 1.19 4.92 8.11 9.41
ACEAD (PgCQ) —6 —-19 —62 —113
ACSCC (PgCQ) 100 519 1050 1414
ACEC (PgC) 97 475 866 1082
ACRAD (PgCQ) -8 —100 275 —430
ACBGC (PgQ) 69 276 529 687
ACFC (PgC) 55 213 336 309
EZAD (PgC) 167 1265 2948 3023
EEGC (PgQ) 349 2180 4862 5663

EZC (PgC) 331 2072 4486 4955




Climate—Carbon Cycle Feedback Parameters and Gains

Time Period (years)

Parameter ~1850-2000 1850-2100 1850-2200 1850-2300
a (K ppmfl) 0.0140 0.0075 0.0052 0.0056
53(30 (chppmfl) 1.19 0.80 0.68 0.84
ﬂgchAD (PgCppm~—1) 1.23 0.76 0.60 0.71
BBGC (PgCppm~1) 0.84 0.42 0.34 0.41
BII_J‘C—RAD (PgCppm~—1) 0.72 0.48 0.39 0.44
+BAD (pgCK-1) -5.10 —4.06 -8.26 ~12.69
757 7BGC (PgCK1) —2.22 —10.06 —25.47 —39.37
YRAD (pgCK-1) —5.70 —21.09 —36.54 —48.25
7 CTBEC (PgCKY) —15.00 —14.05 —26.69 —44.77
g(BBGC, yRAD) 0.035 0.056 0.075 0.101
g(ﬂFC*RAD7 —yRAD) 0.036 0.056 0.075 0.104
g(BBGC, AFC-BGC) 0.057 0.054 0.087 0.139
g(BFC—RAD (FC-BGC) 0.058 0.053 0.087 0.144

g(ERAD EEC) 0.056 0.051 0.084 0.143
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