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Text SM1. Simulations for “no bombs” and “no fossil” scenarios

Simulations for A™C and &'C of atmospheric CO, were conducted following Graven
(2015). The model has one atmosphere box and 43 ocean boxes in a one-dimensional
box diffusion model. Graven (2015) used a one-box terrestrial biosphere but here we
have changed the model so that the biosphere is represented by three boxes
representing fast, medium and slow turnover pools. There is no representation of carbon
transport from terrestrial boxes to ocean boxes via rivers.

To run the simulation with no "C from nuclear weapons tests, atmospheric CO;
concentration and ACO; are computed prognostically, accounting for fossil fuel
emissions and natural "C production. To run the simulation with no fossil fuel emissions,
the input of ™C from the nuclear weapons tests that is consistent with the observations,
within the structure of the simple model, is first diagnosed with a historical run forced



with observed atmospheric ACO,. The annual change in total "C inventory of all the
carbon pools in this run is then specified as the "C from the nuclear weapons tests. The
total production is 634 x10°® atoms through 1980, which is comparable to the estimate
of Naegler and Levin [2006]: 598-632 x 10°® atoms between 1945 and 1980, both
including ™C production by the nuclear power industry. Then a simulation is run with the
specified annual input of "C from nuclear weapons tests from the previous simulation
through 2005 and then with constant “C production from natural and anthropogenic
sources for 2005-2015, but with no fossil fuel emissions. Land use change emissions are
included in both simulations. For both simulations, the model is run with one set of
parameters (Table S1) chosen from the sets of calibrated parameters as described in the
next section.

Text SM2. Simulations for SSP-based scenarios

Simulations for A™C and §"C of atmospheric CO, were conducted following Graven
[2015].

Simulations were conducted for scenarios that are based on the SSP framework, the four
Tier 1 ScenarioMIP scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5) and two of the
Tier 2 scenarios (SSP1-1.9 SSP5-3.4-Overshoot) [O'Neill et al., 2016]. These six scenarios
span the full range of radiative forcing and CO, emissions included in the larger set of
SSP-based scenarios.

The simulations use historical data and data for the six SSP-based scenarios. Historical
atmospheric CO, concentration was specified by global annual mean data from
Meinshausen et al. [2017]. Historical fossil fuel CO, emissions data were given by the
Community Emissions Data System (CEDS) [Hoesly et al., 2018]. Historical land use CO;
emissions data were given by C4MIP (CMIP6_C4MIP_landuse_emissions.nc available at
http://c4mip.net/index.php?id=3455). Global annual atmospheric CO, concentration data
for the SSP scenarios were retrieved from input4mips (https://esgf-
node.lInl.gov/projects/inputdmips/). The SSP fossil fuel and land use CO, emissions and
the SSP bioenergy with carbon capture and storage (BECCS) data were gathered from
the SSP database hosted at the International Institute for Applied Systems Analysis
(https://tntcat.iiasa.ac.at/SspDb/), and accessed in October 2018.

The 8'C of fossil fuel emissions was specified by Andres et al. [2016] for 1850 to 2013
and then kept fixed at the 2013 value from Andres et al. [2016], -27.73 per mil, for the
period 2013 to 2100 in all SSPs. Due to limitations in the data available about the SSP-
based scenarios it was not possible to accurately specify §C in fossil fuel emissions in
the scenario projections, i.e. CO, emissions or time-varying emission factors (amount of
CO; emitted per unit energy produced) for each fuel type were not reported in the SSP
database, despite each fuel type having a specific '*C fingerprint. Sensitivity tests
estimating future changes in 6"C of fossil fuel emissions showed that the potential



impact on simulated atmospheric §"*C is likely to be small, less than ~0.4 per mil for
simulated 8™C in 2100.

Simulations for 1850-2005 were conducted following a spinup period of 11850 years.
Atmospheric A™C and atmospheric §"*C were specified by historical data from Graven et
al. [2017] for 1850-2005 and then atmospheric ACO;, and §"*CO. were simulated
prognostically for 2005-2100.

Three changes were made to the model setup in comparison to Graven [2015].

First, a sensitivity of photosynthetic ">C discrimination to atmospheric CO, concentration
was included, following Schubert and Jahren [2015] and Keeling et al. [2017]. The
formulation for discrimination in Schubert and Jahren [2015]'s equations 3 and 4 was
used, beginning from *C discrimination of 17 per mil in 1850. This leads to
discrimination of 18.7 per mil in 2100 for SSP1-1.9 and 22.5 per mil in 2100 for SSP5-8.5.

Second, sea surface temperature (SST) changes were included for both the historical and
future period. The historical data used were annual, global data SST anomalies from
HadSST.3.1.1.0 from 1850 to 2018
(https://www.metoffice.gov.uk/hadobs/hadsst3/data/download.html, accessed October
2018). A reference SST of 18°C in 1850 was assumed. Future SST was estimated from
global mean temperature data for the SSPs retrieved from the internal SSP database. SST
anomalies in the SSPs for 2020 to 2100 were estimated from global mean temperature
by applying a scaling factor of 0.85, which derives from a regression of HadSST.3.1.1.0
SST anomaly data and HadCRUT.4.6.0.0 global annual near surface temperature anomaly
data (https://www.metoffice.gov.uk/hadobs/hadcrut4/data/current/download.html,
accessed October 2018). SST is used in the model in the calculation of the ocean
carbonate system and in the specification of fractionation factors related to air-sea gas
exchange.

Third, the formulation of the terrestrial biosphere model was changed from one to three
boxes, following Naegler and Levin [2009]. The initial masses and turnover times in the
scenarios listed in Naegler and Levin [2009]'s Table 1 were investigated with other
parameters in the model following the parameter ranges used in Graven [2015].
Parameter sets were selected to match a global bomb excess ™C inventory of 615 + 35 x
10% atoms and to match the change in atmospheric §"*C between 2005 and 2014 to
within £0.05 per mil, resulting in 34 different accepted parameter sets (Table S1). The
mid-range values for simulated atmospheric AC and atmospheric §"C across the
accepted parameter sets are used to specify the forcing for SSP-based projections.
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Figure S1. Simulated trend components for A™CO (top row) and §">CO, (bottom row)
for SSP1-1.9, SSP2-4.5 and SSP3-7.0. Colored lines show the mid-range values across the
32 sets of parameters used in the simulations. BECCS and land use contributions are

uniformly near zero for A™CO:..

Table S1. Calibrated parameter sets used in the future simulations. Parameters are
as described in Graven [2015] but here there are three biosphere boxes instead of one.
The units for Keddy are m2 yr-1 and units for all the t's are years. B is unitless. The
parameter set in the first row was used in the simulations excluding fossil fuel emissions
or nuclear weapons testing shown in Figure 4.
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Table S2. Atmospheric forcing datasets for A’™CO, and 8">CO; for the six SSP-based
scenarios. Units are %eo.
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2066 12.0
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2068 12.1
2069 12.1
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2071 12.2
2072 12.2
2073 12.2
2074 12.2
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2077 12.2
2078 12.1
2079 12.1
2080 12.1
2081 12.1
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