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Supplement to Hector V3.1: functionality and performance of a 1 

reduced-complexity climate model 2 

1 Radiative Forcing 3 

Name as it appears in 
Hector Description Source 

RF_albedo surface albedo 
externally defined input time 
series 

RF_CO2 CO2 radiative forcing calculated from concentrations 

RF_N2O N2O radiative forcing calculated from concentrations 

RF_H2O_strat stratopsheric water vapor radiative forcing calculated from concentrations 

RF_O3_trop tropsheric ozone radiative forcing calculated from concentrations 

RF_BC BC radiative forcing calculated from emissions 

RF_OC OC radiative forcing calculated from emissions 

RF_NH3 NH3 radiative forcing calculated from emissions 

RF_SO2 SO2 radiative forcing calculated from emissions 

RF_aci 
radiative forcing from aerosol cloud 
interactions calculated from emissions 

RF_vol radiative forcing from volcanic activity 
externally defined input time 
series 

RF_misc 
radiative forcing from miscellaneous 
sources 

externally defined input time 
series 

FadjCF4 CF4 radiative forcing calculated from concentrations 

FadjC2F6 C2F6 radiative forcing calculated from concentrations 

FadjHFC23 HFC23 radiative forcing calculated from concentrations 

FadjHFC32 HFC32 radiative forcing calculated from concentrations 

FadjHFC4310 HFC4310 radiative forcing calculated from concentrations 
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FadjHFC125 HFC125 radiative forcing calculated from concentrations 

FadjHFC134a HFC134a radiative forcing calculated from concentrations 

FadjHFC143a HFC143a radiative forcing calculated from concentrations 

FadjHFC227ea HFC227ea radiative forcing calculated from concentrations 

FadjHFC245fa HFC245fa radiative forcing calculated from concentrations 

FadjSF6 SF6 radiative forcing calculated from concentrations 

FadjCFC11 CFC11 radiative forcing calculated from concentrations 

FadjCFC12 CFC12 radiative forcing calculated from concentrations 

FadjCFC113 CFC113 radaitive forcing calculated from concentrations 

FadjCFC114 CFC114 radiative forcing calculated from concentrations 

FadjCFC115 CFC115 radiative forcing calculated from concentrations 

FadjCCl4 CCl4 radiative forcing calculated from concentrations 

FadjCH3CCl3 CH3CCl3 radiative forcing calculated from concentrations 

FadjHCFC22 HCFC22 radiative forcing calculated from concentrations 

FadjHCFC141b HCFC141b radiative forcing calculated from concentrations 

FadjHCFC142b HCFC142b radiative forcing calculated from concentrations 

Fadjhalon1211 halocarbon 1211 radiative forcing calculated from concentrations 

Fadjhalon1301 halocarbon 1301 radiative forcing calculated from concentrations 

Fadjhalon2402 halocarbon 2402 radiative forcing calculated from concentrations 

FadjCH3Cl CH3Cl radiative forcing calculated from concentrations 

FadjCH3Br CH3Br radiative forcing calculated from concentrations 

FCH4 CH4 radiative forcing calculated from concentrations 

SI Table 1: The radiative forcing equations and parameter values are identical to those reported in (Smith et al. 2021) and 4 
reproduced here for readers' convenience. 5 

1.1 CO2 6 

Where  N and  C are atmospheric concentrations at the current timestep of N2O (in ppb) and CO2 (in 7 
ppm), respectively, and C0 is the pre-industrial (1850 AD) concentration of CO2 (in ppm), the 8 
equations use the following parameterizations. 9 
 10 
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 16 

𝑆𝐴𝑅𝐹,)" = +𝛼- + 𝛼(")-𝑙𝑛(𝐶/𝐶%)      (4) 

 17 

𝑅𝐹,)" = 𝛿,)"𝑆𝑆𝐴𝑅𝐹,)" + 𝑆𝐴𝑅𝐹,)"    (5) 

 18 
Equation Parameters Value Units Source 

CO2 Radiative 
Forcing 

a1 -2.4785e-7 (W m–2 ppm–2) Table 7.SM.1(Smith et al. 2021) 

CO2 Radiative 
Forcing 

b1 7.5906e-4 (W m–2 ppm–2) Table 7.SM.1(Smith et al. 2021) 

CO2 Radiative 
Forcing 

c1 -2.1492e-3 (W m–2 ppb–1/2) Table 7.SM.1(Smith et al. 2021) 

CO2 Radiative 
Forcing 

d1 5.2488 (W m–2)  Table 7.SM.1(Smith et al. 2021) 

CO2 Radiative 
Forcing  

 
 

0.05 unitless 7.3.2.3 (Forster, P., T. Storelvmo, K. 
Armour, W. Collins, J. L. Dufresne, D. 
Frame, D. J. Lunt, T. Mauritsen, M. D. 
Palmer, M. Watanabe, M. Wild, H. Zhang 
2021) 

https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Cdelta_%7BCO_2%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Cdelta_%7BCO_2%7D#0
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SI Table 2: Parameter values used to calculate CO2 radiative forcing. 19 

1.2 N2O 20 

Where N, C, and M are atmospheric concentrations of N2O (ppb), CO2 (ppm), and CH4 (ppb), 21 
respectively, and N0 is the pre-industrial (1850 AD) concentration of N2O (ppb), the equations use the 22 
following parameterizations. 23 
 24 

𝑆𝐴𝑅𝐹(") = +𝑎*√𝐶 + 𝑏'√𝑁 + 𝑐'√𝑀 + 𝑑'-+√𝑁 − :𝑁%-    (6) 
 

 25 

𝑅𝐹(") = 𝛿(")𝑆𝐴𝑅𝐹(") + 𝑆𝐴𝑅𝐹(")	    (7) 

 26 
Equation Parameters Value Units Source 

N2O radiative forcing a2 -3.4197e-4 (W m–2 ppm–1) Table 7.SM.1(Smith et al. 2021) 

N2O radiative forcing b2 2.5455e-4 (W m–2 ppb–1) Table 7.SM.1(Smith et al. 2021) 

N2O radiative forcing c2 -2.4357e-4 (W m–2 ppb–1) Table 7.SM.1(Smith et al. 2021) 

N2O radiative forcing d2 0.12173 (W m-2 ppb–1/2) Table 7.SM.1(Smith et al. 2021) 

N2O radiative forcing N0 273.87 ppb Table 7.SM.1(Smith et al. 2021) 

N2O radiative forcing 𝛿!!"	 0.05 unitless 7.3.2.3 (Forster et al. 2021) 

SI Table 3: Parameter values used to calculate N2O radiative forcing. 27 

1.3 CH4 28 

Where N and M are atmospheric concentrations of N2O (ppb) and CH4 (ppb), respectively, and M0 is the 29 
pre-industrial (1850 AD) concentration of CH4, the equations use the following parameterizations. 30 
 31 

𝑆𝐴𝑅𝐹,.# = +𝑎/√𝑀 + 𝑏/√𝑁 + 𝑑/-+√𝑀 −:𝑀%-	    (8) 

 32 

𝑅𝐹,.# = 𝛿,.#𝑆𝐴𝑅𝐹,.# + 𝑆𝐴𝑅𝐹,.#     (9) 
 

 33 
Equation Parameters Value Units Source 
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CH4 radiative forcing a3 -8.9603e-5 W m–2 ppb–1 Table 7.SM.1(Smith et al. 2021) 

CH4 radiative forcing b3 -1.2462e-4 W m–2 ppb–1 Table 7.SM.1(Smith et al. 2021) 

CH4 radiative forcing d3 0.045194 W m–2 ppb–1/2 Table 7.SM.1(Smith et al. 2021) 

CH4 radiative forcing 𝛿#$" 	 -0.14 unitless 7.3.2.3 (Forster et al. 2021) 

SI Table 4: Parameter values used to calculate CH4 radiative forcing. 34 

1.4 Halocarbons 35 

For a particular Halocarbon species X, its radiative forcing is that species’s atmospheric concentration, 36 
[X] (ppt), multiplied by its corresponding radiative efficiency, 𝜌0 and modified by that species’ 37 
tropospheric adjustment coefficient, 𝛿0: 38 
 39 

𝑆𝐴𝑅𝐹0 = 𝜌0[𝑋]      (10) 
 

 40 

𝑅𝐹0 = 𝑆𝐴𝑅𝐹0 + 𝛿0𝑆𝐴𝑅𝐹0       (11) 
 

 41 
Halocarbon 𝜏  (lifetime) 𝜌𝑊	𝑚−2𝑝𝑝𝑡−1(Radiative efficiency) 𝛿 unitless (tropospheric 

adjustments) 

CF4 50000.0  0.000099 0 

C2F6 10000.0  0.000261 0 

HFC-23 228.0 0.000191  0 

HFC-32 5.4 0.000111 0 

HFC-4310 17.0 0.000357 0 

HFC-125 30.0 0.000234 0 

HFC-134a 14.0 0.000167  0 

HFC-143a 51.0 0.000168 0 

HFC-227ea 36.0 0.000273 0 

HFC-245fa 7.9 0.000245  0 

SF6 3200.0 0.000567 0 
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CFC-11 52.0 0.000259  0.13  

CFC-12 102.0  0.00032 0.13 

CFC-113 93.0 0.000301  0 

CFC-114 189 0.000314  0 

CFC-115 540 0.000246  0 

CCl4 32 0.000166  0 

CH3CCl3 5 0.000065  0 

halon-1211 16.0 0.0003  0 

halon-1301 72.0 0.000299  0 

halon-2402 28.0 0.000312 0 

HCFC-22 11.9 0.000214 0 

HCFC-141b 9.4 0.000161 0 

HCFC-142b 18.0 0.000193 0 

CH3Cl 0.9 0.000005  0 

CH3Br 0.8 0.000004 0 

SI Table 5: Halocarbon parameters from table 7.SM.7 (Smith et al. 2021). 42 

1.5 Aerosols  43 

Direct aerosol radiative forcings for black carbon (BC), organic carbon (OC), SO2, and NH3, are 44 
modeled as a product of the emissions of that aerosol in that timestep (E; in units of Tg) and the 45 
aerosol’s specific radiative efficiency, 𝜌. 46 
 47 

𝑅𝐹1, = 𝜌1,𝐸1, 	    (12) 

 48 

𝑅𝐹), = 𝜌),𝐸),      (13) 

 49 

𝑅𝐹2)" = 𝜌2)"𝐸2)"     (14) 

 50 

𝑅𝐹(.$ = 𝜌(.$𝐸(.$   (15) 
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 51 

1.6 Aerosol-cloud Interactions 52 

𝑅𝐹#34 = 𝜌#34𝑙𝑛 A1 +
5%&"
6%)"

+ 5'()&(
6'()&(

C    (16) 

                                                                                                                                    (16) 53 
Parameter Value Units Source 

𝜌)# 	 0.0508 W yr m–2 C Tg–1 7.SM.1.3 of (Smith et al. 2021) 

𝜌"# 	 -0.00621 W yr m–2 C Tg–1 7.SM.1.3 of (Smith et al. 2021) 

𝜌*"! 	 -.00000724 W yr m–2 S Gg-1 7.SM.1.3 of (Smith et al. 2021) 

𝜌!$% 	 -.00208 W yr m–2 NH3Tg–1 7.SM.1.3 of (Smith et al. 2021) 

 54 

SI Table 6: Parameter values used to calculate aerosol radiative forcing. 55 

2 Model Parameterization 56 

Table of the 24 ESM historical output files that were processed to find the global, high latitude, and low latitude mean 57 
preindustrial sea surface temperature, which are used by Hector’s component. 58 
 59 
Model Citation 

ACCESS-ESM1-5 (Ziehn et al. 2019a) 

CanESM5 (Swart et al., 2019a) 

EC-Earth3 (EC-Earth Consortium (EC-Earth), 2019a) 

MIROC6 (Tatebe and Watanabe, 2018) 

MPI-ESM1-2-HR (Jungclaus et al., 2019) 

MPI-ESM1-2-LR (Jungclaus et al., 2019) 

NorCPM1 (Bethke et al., 2019) 

CNRM-CM6-1 (Voldoire, 2018) 

CNRM-ESM2-1 (Seferian, 2018) 

MIROC-ES2L (Hajima et al., 2019) 

ACCESS-CM2 (Dix et al., 2019a) 

https://paperpile.com/c/jjyEkw/t4UG4
https://paperpile.com/c/jjyEkw/wn4ny
https://paperpile.com/c/jjyEkw/xxy5G
https://paperpile.com/c/jjyEkw/Xmu2N
https://paperpile.com/c/jjyEkw/Xmu2N
https://paperpile.com/c/jjyEkw/NFpo0
https://paperpile.com/c/jjyEkw/XSHpF
https://paperpile.com/c/jjyEkw/ojiqF
https://paperpile.com/c/jjyEkw/NJKdW
https://paperpile.com/c/jjyEkw/qDzhS
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AWI-CM-1-1-MR (Semmler et al., 2018) 

CMCC-CM2-HR4 (Scoccimarro et al., 2020) 

CMCC-CM2-SR5 (Lovato et al., 2021a) 

CMCC-ESM2 (Lovato et al., 2021a) 

EC-Earth3-
AerChem (EC-Earth Consortium (EC-Earth), 2020) 

EC-Earth3-CC (EC-Earth Consortium (EC-Earth), 2021) 

EC-Earth3-Veg-LR (EC-Earth Consortium (EC-Earth), 2019b) 

MPI-ESM-1-2-
HAM (Neubauer et al., 2019) 

MRI-ESM2-0 (Yukimoto et al., 2019a) 

NorESM2-LM (Bethke et al., 2019) 

NorESM2-MM (Seland et al., 2019) 

CNRM-CM6-1-HR (Voldoire, 2018) 

EC-Earth3-Veg (EC-Earth Consortium (EC-Earth), 2019b) 

 60 

SI Table 7: Table of models and references use to find Hector preindustrial sea surface temperatures.  61 

3 Temperature Component 62 

Figure 1 demonstrates how a user-defined land-ocean warming ratio affects Hector results.  Hector’s SSP2-45 scenario was 63 
run 10 times using land-ocean warming ratios that were uniformly sampled from the  (Wallace and Joshi 2018) CMIP5 64 
ensemble range (1.54–1.81). The range in Hector’s global (air), land (air), and sea surface mean temperature anomaly results 65 
were small over the historical period. In 1950 the model spread is 0.001, 0.026, and 0.007 degrees for global, land, and sea 66 
surface temperatures, respectively. This spread increases over the future period and by 2100 the spread is 0.03, 0.49, and 67 
0.11 degrees C for global, land, and sea surface temperatures, respectively. The spread in global temperature is due to 68 
carbon-cycle climate interactions. 69 
 70 

https://paperpile.com/c/jjyEkw/CLLHi
https://paperpile.com/c/jjyEkw/45R1f
https://paperpile.com/c/jjyEkw/INKhZ
https://paperpile.com/c/jjyEkw/INKhZ
https://paperpile.com/c/jjyEkw/qs1lr
https://paperpile.com/c/jjyEkw/ssy4B
https://paperpile.com/c/jjyEkw/OevL6
https://paperpile.com/c/jjyEkw/SqDWB
https://paperpile.com/c/jjyEkw/GgZ4A
https://paperpile.com/c/jjyEkw/NFpo0
https://paperpile.com/c/jjyEkw/NxN1W
https://paperpile.com/c/jjyEkw/XSHpF
https://paperpile.com/c/jjyEkw/OevL6
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 71 
 72 

SI Figure 1: Hector global mean air, land air, and sea surface temperature anomalies (degrees C) from 1900 to 2100 for 10 SSP2-45 73 
runs. Each run used a different land-ocean warming ratio sampled from the (Wallace and Joshi 2018) CMIP5 ensemble range (1.54–74 
1.81). 75 

4 CMIP6 Comparison Information 76 

Model ECS (C) Citation 

 ACCESS-CM2    4.7 (Dix et al., 2019b) 

ACCESS-ESM1-5 3.9 (Ziehn et al., 2019) 

CAMS-CSM1-0    2.3 (Rong, 2019) 

CanESM5   5.6 (Swart et al., 2019b) 

CESM2  5.2 (Danabasoglu, 2019a) 

CESM2-WACCM  4.8 (Danabasoglu, 2019b) 

CMCC-CM2-SR5 3.52 (Lovato and Peano, 2020) 

CMCC-ESM2  3.57 (Lovato et al., 2021b) 

HadGEM3-GC31-LL  5.6    (Good, 2019) 

https://paperpile.com/c/jjyEkw/F0BFh
https://paperpile.com/c/jjyEkw/QznQh
https://paperpile.com/c/jjyEkw/Zoh7x
https://paperpile.com/c/jjyEkw/lrwCq
https://paperpile.com/c/jjyEkw/C2dlX
https://paperpile.com/c/jjyEkw/5tMFN
https://paperpile.com/c/jjyEkw/UObzd
https://paperpile.com/c/jjyEkw/97TvS
https://paperpile.com/c/jjyEkw/8eQtC
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MIROC-ES2L  2.7 (Tachiiri et al., 2019) 

MIROC6  2.6 (Shiogama et al., 2019) 

MRI-ESM2-0  3.2 (Yukimoto et al., 2019b) 

NorESM2-MM  2.5 (Bentsen et al., 2019) 

TaiESM1  4.31 (Lee and Liang, 2020) 

UKESM1-0-LL 5.3    (Good et al., 2019) 

SI Table 8: Summary table of ESM models used to devise the CMIP6 range in Figure 4, the model equilibrium climate sensitivities 77 
were obtained from (Schlund et al. 2020), models were categorized according to the IPCC AR6 assessed ranges (Arias et al. 2021). 78 

 Near term, 2021-2004 Mid-term, 2041-2060 Long-term, 2081-2100 

Scenario Hector 
IPCC Best 
estimate 

IPCC Very likely 
range Hector 

IPCC Best 
estimate 

IPCC Very likely 
range Hector 

IPCC Best 
estimate 

IPCC Very likely 
range 

ssp119 1.4 1.5 1.2 to 1.7 1.5 1.6 1.2 to 2.0 1.3 1.4 1.0 to 1.8 

ssp126 1.4 1.5 1.2 to 1.8 1.7 1.7 1.3 to 2.2 1.6 1.8 1.3 to 2.4 

ssp245 1.4 1.5 1.2 to 1.8 1.9 2 1.6 to 2.5 2.5 2.7 2.1 to 3.5 

ssp370 1.4 1.5 1.2 to 1.8 2 2.1 1.7 to 2.6 3.4 3.6 2.8 to 4.6 

ssp585 1.5 1.6 1.3 to 1.9 2.3 2.4 1.9 to 3.0 4.2 4.4 3.3 to 5.7 

SI Table 9: Table of average free running Hector global mean surface temperature anomaly relative to the 1850 to 1900 average 79 
compared with values from Table SPM.1 of (IPCC 2021). 80 
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