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Table 1,Default Hector parameter values and their sources. The parameter name column is the name as it appears in the

model’s ini (initialization) files. This is not an exhaustive table of Hector parameters but rather contains the parameters that

(Moved (insertion) [2]

have been updated since Hartin et al. (2015). For a complete collection of parameter values and their sources, refer to the

default initialization files available at https://github.com/JGCRI/hector/tree/main/inst/input. Preindustrial values here are

assumed to be circa 17435, the start of a Hector run.

CFormatted: Font color: Auto

) CFormatted: Font: Times New Roman, Font color: Auto
“.(Moved (insertion) [3]
"(Formatted: Font: Times New Roman, Font color: Auto

Parameter Description Value Units Source
Natural CH4 Emissions are assumed to be See section 2.2.6 for details
CH4N constant over the historical and future period {338 Tg CHa/yr
Natural NpO emissions, assumed to be
N20ON constant of the historical and future period 9.7 Tg N/yr
CO2, fertilization factor (B) (increase in NPP
productivity with increasing CO>
beta concentrations) 0.55 unitless
Heterotrophic respiration temperature
ql0_rh sensitivity factor (Q;,) 22 unitless
Vertical ocean heat diffusivity (k), the rate of
diff heat diffuses into the ocean 1.16 cm?/s
Initial size of the preindustrial surface ocean Figure 5.12 (Canadell et al.
preind surface ¢ carbon pool 900 PgC 2021
Initial size of the preindustrial intermediate
preind_interdeep_c |and deep ocean carbon pool 37100 PgC
Cco Preindustrial CO» concentration 277.15 ppmv CO> |Table 7.SM.1 (Smith et al.
NO Preindustrial N>O concentration 273.87 ppbv N.O 2021
MO Preindustrial CH4 concentration 731.41 ppbv CHa
npp_flux0 Preindustrial net primary production 56.2 Pg Clyr Ito (2011
Mean preindustrial absolute ocean air
TOS0 temperature 18 °C
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Difference between high latitude preindustrial

deltaHLO ocean temp and TOSO -16.4 °C
Difference between low latitude preindustrial
deltalLLO ocean temp and TOSO 29 °C

From processed CMIP6 data

(Pressburger and Dorheim

2022
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Table 2: Descriptions and summaries of the Hector constraints, The constraint name column reflects the name asit

appears in the model’s ini (initialization) files.

Name

Description

Implementation

CO2_constrain

Time series of CO»

concentration values

COs radiative forcing (RF) is calculated from the user-provided CO»

concentrations and then used to calculate total RF and temperature.

(ppmv CO2)

If needed, CO: is debited/credited to/from the deep ocean to meet

the CO» concentration constraint and satisfy Hector’s global carbon

cycle mass balance check.

CH4_constrain

Time series of CHa

CH4RF is calculated from the user-provided CH4 concentrations

concentration values

feeding into total RF and temperature.

(ppbv CH4)

N20O_constrain

Time series of NoO

N20 REF is calculated from the user-provided N>O concentrations.

concentration values

(ppbv N20)

X_constrain

X is the identifier for one

of 26 halocarbons

modeled by Hector)

Time series for a

RF for halocarbon X is calculated from the user-provided

single halocarbon
concentration (pptv)

concentrations.

RF_tot_constrain

Time series of total

User-provided total RF values are used to calculate temperature and

radiative forcing
value (W m*

heat flux. In this case, the emission inputs do not drive model

behavior.

NBP_constrain

Time series of Net

User-provided NBP values are used to up/downscale NPP and RH

Biome Production

values (Pg C yr'!)

so that their total matches the constraint. This effectively bypasses

the model’s terrestrial carbon cycle.

.. Moved (insertion) [4]
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tas_constrain

Time series of global

User-provided temperature values overwrite Hector’s, with a

mean air temperature

smooth transition between the constrained and free-running

values (°C)

behavior.
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Table 3. Key emergent climate metrics, historical warming, effective radiative forcing, and future warming from

Hector versus the IPCC ARG6 ‘best estimates’ from the AR6 Table 7.SM.4. The Hector values were generated from runs

using Hector's default parameterization in the free-running emission-driven mode for historical and SSP scenarios. The

parenthetical [IPCC AR6 values indicate the AR6 ‘very likely’ (5-95)% ranges. Acronyms include equilibrium climate

sensitivity (ECS), transient climate response to cumulative carbon emissions (TCRE), transient climate response (TCR)

global surface air temperature (GSAT), and effective radiative forcing (ERF) (Nijsse et al., 2020).

Key Metrics Hector IPCC AR6

ECS (°C) 3 32,9

TCRE (°C per 1000 GtC) 151 1.65(1,2.3)

TCR (°C) 1.84 1.8(1.2,2.4)

Historical Warming and Effective Radiative Forcing

GSAT Warming (°C, 1995-2014 relative to 0.73 0.85 (0.67, 0.98)

1850-1900)

Ocean heat content change (ZJ, 1971-2018) 471 396 (329, 463

Total Aerosol ERF (W m?, 2005-2015 -1.24 -1.3 (-2, -0.6)

relative to 1750)

WMGHG ERF (W m™, 2019 relative to 3.87 3.32(3.03,3.61)

1750)

Methane ERF (W m™, 2019 relative to 1750) 0.54 0.54 (0.43, 0.65)

Future Warming (GSAT, °C relative to 1995-2014

SSP1-1.19 2021-2040 0.73 0.61 (0.38, 0.85)
2041-2060 0.90 0.71 (0.4, 1.07)
2081-2100 0.72 0.56 (0.24, 0.96)

SSP1-2.6 2021-2040 0.75 0.63 (0.41, 0.89)

20

(Deleted: 201

d CFormatted: Font color: Black

)
)

"/  Formatted: Normal, Border: Top: (No border), Bottom: (No
'/ | border), Left: (No border), Right: (No border), Between : (No

border), Tab stops: 3.13", Centered + 6.27", Right

J



https://paperpile.com/c/qqS1JM/2oB2

2041-2060 1.08 0.88 (0.54, 1.32
2081-2100 1.10 0.90 (0.51, 1.48
SSP2-4.5 2021-2040 0.75 0.66 (0.44, 0.90
2041-2060 1.29 1.12 (0.78,1.57
2081-2100 1.98 1.81 (1.24,2.59
SSP3-7.0 2021-2040 0.76 0.67 (0.45, 0.92
2041-2060 1.43 1.28 (0.92, 1.75
2081-2100 2.94 2.76 (2.00, 3.75
SSP5-8.5 2021-2040 0.88 0.76 (0.51, 1.04
2041-2060 1.74 1.54 (1.08, 2.08
2081-2100 3.79 3.50(2.44,4.82
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Figure 1, Conceptual diagram of the CO: fluxes (numbered thick gray arrows) between Hector’s four major carbon <.

cycle boxes: a well-mixed atmosphere (Atmosphere), terrestrial carbon cycle (Land), ocean carbon cycle (Ocean), and

geological fossil fuel reservoir, (Earth). The thinner arrows within the land and ocean boxes allude to Hector's more

‘(Formatted: Normal, Space After: 10 pt

complex submodule carbon cycle dynamics, which are not discussed in detail here. The solid lines indicate that CO> fluxes

are calculated within Hector, whereas the dashed lines indicate that the fluxes are externally defined inputs read into the

model; two-headed arrows imply a potential two-way exchange of carbon, The fluxes are; (1) CO2 emissions from fossil
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Figure 2, Hector COp concentrations (orange) compared with the CMIP6 (Meinshausen et al., 2017), COp

concentrations observational product (black)
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Figure 3, Global mean surface temperature ly relative to 1951-1980 for Hector (orange) and HadCRUT 5

Temperature anomaly ( ° C)

global mean surface temperature observations (Morice et al., 2021) (black, with associated uncertainty). The inset
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1685 Figure 5. Global temperature anomaly from 1% CO: and 4xCO:; stylized experiments (Eyring et al., 2016) for Hector

1686 orange) and 15 different CMIP6 participating ESMs (grey lines; see Supplementary Table 8).
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