Independent Assessment of Global Temperature Rise Based Upon Approved Algorithms
Extended Data Addendum
This numerical Extended Data Addendum provides most of the information as necessary to validate the results provided in the subject climate-change article. It is presented in original detail to enable scientific reviewers to review each step of the lengthy analysis performed to obtain global temperature rise estimates at net-zero conditions. It has been limited to the ten Tables listed below. Four additional Tables and one Figure are included in Supplemental Data.
The information consists primarily of tabular data that calculates carbon sink amounts, determines atmospheric GHG concentrations, calculates radiative forcings for CO2, CH4 and N2O and computes the temperature rise for the interval before reaching net-zero. Recall the overall evaluation process is performed for three selected linear emission reduction pathways starting at 40 Gigatonne (Gt) CO2 in the year 2020. The selected pathways for evaluation were for annual reductions of 0.4, 0.5 and 0.6 GtCO2 per year until net-zero conditions are reached in years 2066, 2076 and 2100, respectively.





















Table 8 – Calculation of Carbon Sink Values for 0.4 Gt CO2 per Year Emission Reduction Pathway

	Years Past
	Period Amount and % Factor
	Gt Amount

	2100 – 2098
	3yrs of 25.2Gt X .070
	1.76

	2097 – 2095
	3yrs of 28.8Gt X .030
	0.86

	2094 – 2091
	4yrs of 44.0Gt X .015
	0.66

	2090 – 2081
	10yrs of 148Gt X .005
	0.74

	2080 – 2061
	20yrs of 400Gt X .004
	1.60

	2060 – 2041
	20yrs of 560Gt X .003
	1.68

	2040 – 2000
	40yrs of 1600Gt X .0015
	2.40

	
	2100 - Total
	9.70Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2080 – 2078
	3yrs of 40.2Gt X .070
	2.81

	2077 – 2075
	3yrs of 43.4Gt X .030
	1.30

	2074 – 2071
	4yrs of 64.0Gt X .015
	0.96

	2070 – 2061
	10yrs of 188Gt X .005
	0.94

	2060 – 2041
	20yrs of 526GtX .004
	2.10

	2040 – 2021
	20yrs of 716Gt X .003
	2.15

	2020 – 1980
	40yrs of 1304Gt X .0015
	1.96

	
	2080 - Total
	12.22Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2060 – 2058
	3yrs of 64.2Gt X .070
	4.49

	2057 – 2055
	3yrs of 67.8Gt X .030
	2.03

	2054 – 2051
	4yrs of 96.0Gt X .015
	1.44

	2050 – 2041
	10yrs of 283Gt X .005
	1.42

	2040 – 2021
	20yrs of 716Gt X .004
	2.86

	2020 – 2001
	20yrs of 800Gt X .003
	2.40

	2000 – 1961
	40yrs of 950Gt X .0015
	1.43

	
	2060 - Total
	16.07Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2040 – 2038
	3yrs of 97.2Gt X .070
	6.80

	2037 – 2035
	3yrs of 100.8Gt X .030
	3.02

	2034 – 2031
	4yrs of 140.0Gt X .015
	2.10

	2030 – 2021
	10yrs of 375Gt X .005
	1.88

	2020 – 2001
	20yrs of 800Gt X .004
	3.21

	2000 – 1981
	20yrs of 550Gt X .003
	1.65

	1980 – 1941
	40yrs of 625Gt X .0015
	0.93

	
	2040 - Total
	19.59 Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2020 – 2018
	3yrs of 125Gt X .070
	8.75

	2017 – 2015
	3yrs of 124Gt X .030
	3.92

	2014 – 2011
	4yrs of 165Gt X .015
	2.48

	2010 – 2001
	10yrs of 340Gt X .005
	1.70

	2000 – 1981
	20yrs of 550Gt X .004
	2.20

	1980 – 1961
	20yrs of 400Gt X .003
	1.20

	         1960 – 1920
	40yrs of 415Gt X .0015
	2.62

	
	2020 - Total
	20.67 Gt


 







Table 9 – Calculation of Atmospheric CO2 for 0.4 Gt Per Year Emission Reduction Pathway

	Year
	New CO2
	CO2 Sink
	CO2 Net
	CO2 conc.
	Year
	New CO2
	CO2 Sink
	CO2 Net
	CO2 conc.

	2020
	40.0
	20.670
	19.33
	3239.33
	2061
	23.6
	15.88
	7.72
	3759.87

	2021
	39.6
	20.616
	18.98
	3258.31
	2062
	23.2
	15.69
	7.51
	3767.38

	2022
	39.2
	20.562
	18.64
	3276.93
	2063
	22.8
	15.50
	7.30
	3774.68

	2023
	38.8
	20.508
	18.29
	3295.24
	2064
	22.4
	15.31
	7.09
	3781.77

	2024
	38.4
	20.454
	17.95
	3313.19
	2065
	22.0
	15.12
	6.88
	3788.65

	2025
	38.0
	20.400
	17.60
	3330.79
	2066
	21.6
	14.93
	7.67
	3795.72

	2026
	37.6
	20.346
	17.25
	3348.04
	2067
	21.2
	14.74
	6.86
	3802.58

	2027
	37.2
	20.292
	16.91
	3364.93
	2068
	20.8
	14.55
	6.25
	3808.83

	2028
	36.8
	20.238
	16.56
	3381.51
	2069
	20.4
	14.36
	6.64
	3814.87

	2029
	36.4
	20.184
	16.22
	3397.73
	2070
	17.0
	14.17
	5.83
	3820.70

	2030
	36.0
	20.130
	15.87
	3413.16
	2071
	19.6
	13.98
	5.62
	3826.32

	2031
	35.6
	20.076
	15.52
	3429.12
	2072
	19.2
	13.79
	5.41
	3831.73

	2032
	35.2
	20.024
	15.18
	3444.30
	2073
	18.8
	13.60
	5.20
	3836.93

	2033
	34.8
	19.970
	14.83
	3459.13
	2074
	18.4
	13.41
	4.99
	3841.92

	2034
	34.4
	19.916
	14.48
	3473.61
	2075
	18.0
	13.22
	4.78
	3846.70

	2035
	34.0
	19.862
	14.14
	3482.75
	2076
	17.6
	12.84
	4.57
	3851.27

	2036
	33.6
	19.808
	13.79
	3501.54
	2077
	17.2
	12.84
	4.36
	3855.63

	2037
	33.2
	19.754
	13.45
	3514.99
	2078
	16.8
	12.65
	4.15
	3859.78

	2038
	32.8
	19.700
	13.10
	3528.09
	2079
	16.4
	12.46
	3.94
	3863.72

	2039
	32.4
	19.646
	12.75
	3540.84
	2080
	16.0
	12.22
	3.78
	3867.50

	2040
	32.0
	19.590
	12.41
	3553.25
	2081
	15.6
	12.09
	3.51
	3871.01

	2041
	31.6
	19.41
	12.19
	3565.44
	2082
	15.2
	11.96
	      3.24
	3874.25

	2042
	31.2
	19.27
	11.93
	3577.37
	2083
	14.8
	11.83
	2.97
	3877.22

	2043
	30.8
	19.19
	11.61
	3588.38
	2084
	14.4
	11.70
	2.70
	3879.92

	2044
	30.4
	19.01
	11.39
	3599.77
	2085
	14.0
	11.57
	2.43
	3882.33

	2045
	30.0
	18.83
	11.17
	3610.94
	2086
	13.6
	11.44
	2.16
	3884.51

	2046
	29.6
	18.65
	10.95
	3621.89
	2087
	13.2
	11.31
	1.89
	3886.40

	2047
	29.2
	18.47
	10.73
	3632.62
	2088
	12.8
	11.18
	1.62
	3888.02

	2048
	28.8
	18.11
	10.51
	3643.13
	2089
	12.4
	11.05
	1.35
	3889.37

	2049
	28.4
	18.11
	10.29
	3653.42
	2090
	12.0
	10.92
	1.08
	3890.45

	2050
	28.0
	17.93
	10.07
	3663.49
	2091
	11.6
	10.80
	0.80
	3891.25

	2051
	27.6
	17.75
	9.85
	3673.84
	2092
	11.2
	10.68
	0.52
	3891.77

	2052
	27.2
	17.57
	9.63
	3682.97
	2093
	10.8
	10.56
	0.24
	3892.01

	2053
	26.8
	17.39
	9.41
	3692.38
	2094
	10.4
	10.44
	     -0.04
	3891.97

	2054
	26.4
	17.21
	9.19
	3701.57
	2095
	10.0
	10.32
	-0.32
	3891.65

	2055
	26.0
	17.03
	8.97
	3710.54
	2096
	9.6
	10.20
	-0.60
	3891.05

	2056
	25.6
	16.85
	8.75
	3719.29
	2097
	9.2
	10.08
	-0.88
	3890.17

	2057
	25.2
	16.67
	8.53
	3727.82
	2098
	8.8
	9.96
	-1.16
	3889.67

	2058
	24.8
	16.49
	8.31
	3736.13
	2099
	8.4
	9.84
	-1.44
	3887.57

	2059
	24.4
	16.31
	8.09
	3744.22
	2100
	8.0
	9.72
	-1.72
	3885.85

	2060
	24.0
	16.07
	7.93
	3752.15
	
	
	
	
	











Table 10 - Calculation of Carbon Sink Values for 0.5 Gt CO2 per Year Emission Reduction Pathway

	Years Past
	Period Amount and % Factor
	Gt Amount

	2100 – 2098
	3yrs of 1.5Gt X .070
	0.105

	2097 – 2095
	3yrs of 7.0Gt X .030
	0.210

	2094 – 2091
	4yrs of 15.0Gt X .015
	0.225

	2090 – 2081
	10yrs of 73.0Gt X .005
	0.365

	2080 – 2041
	40yrs of 800Gt X .0035
	2.80

	2040 – 2000
	40yrs of 1500 X .0015
	2.25

	
	2100 - Total
	5.96Gt












	Years Past
	Period Amount and % Factor
	Gt Amount

	2080 – 2078
	3yrs of 31.5Gt X .070
	2.105

	2077 – 2075
	3yrs of 36.0Gt X .030
	1.080

	2074 – 2071
	4yrs of 55.0Gt X .015
	0.825

	2070 – 2061
	10yrs of 175Gt X .005
	0.875

	2060 – 2021
	40yrs of 1200Gt X .0035
	4.200

	2020 – 1980
	40yrs of 1350 X .0015
	2.025

	
	2080 - Total
	11.19Gt












	Years Past
	Period Amount and % Factor
	Gt Amount

	2060 – 2058
	3yrs of 61.5Gt X .070
	4.285

	2057 – 2055
	3yrs of 66.0 Gt X .030
	1.980

	2054 – 2051
	4yrs of 91.0Gt X .015
	1.363

	2050 – 2041
	10yrs of 275Gt X .005
	1.375

	2040 – 2001
	40yrs of 1500Gt X .0035
	5.250

	2000 – 1961
	40yrs of 950Gt X .0015
	1.425

	
	2060 - Total
	16..68Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2040 – 2038
	3yrs of 91.5Gt X .070
	6.405

	2037 – 2035
	3yrs of 96.0Gt X .030
	2.880

	2034 – 2031
	4yrs of 135Gt X .015
	2.025

	2030 – 2021
	10yrs of 375Gt X .005
	1.875

	2020 – 1981
	40yrs of 1350Gt X .003
	4.725

	1980 – 1941
	40yrs of 625Gt X .0015
	0.938

	
	2040 - Total
	18.48Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2020 – 2018
	3yrs of 125Gt X .070
	8.75

	2017 – 2015
	3yrs of 124Gt X .030
	3.72

	2014 – 2011
	4yrs of 165Gt X .015
	2.98

	2010 – 2001
	10yrs of 340Gt X .005
	1.70

	2000 – 1961
	40yrs of 950Gt X .0035
	3.375

	1960 – 1921
	40yrs of 415Gt X .0015
	0.623

	
	2020 - Total
	20.59Gt


 









Table 11 - Calculation of Atmospheric CO2 Concentrations for 0.5 Gt per Year Reduction Pathway

	Year
	New CO2
	CO2 Sink
	CO2 Net
	CO2 conc.
	Year
	New CO2
	CO2 Sink
	CO2 Net
	CO2 conc.

	2020
	40.0
	20.59
	19.41
	3239.4
	2061
	19.5
	15.47
	4.63
	3696.5

	2021
	39.5
	20.50
	19.41
	3239.4
	2062
	19.0
	15.25
	3.73
	3699.8

	2022
	39.0
	20.42
	18.58
	3277.0
	2063
	18.5
	15.62
	3.48
	3703.3

	2023
	38.5
	20.33
	18.17
	3294.2
	2064
	18.0
	14.80
	3.20
	3706.5

	2024
	38.0
	20.24
	17.76
	3312.0
	2065
	17.5
	14.57
	2.93
	3707.4

	2025
	37.5
	20.16
	17.34
	3329.3
	2066
	17.0
	14.35
	2.65
	3710.1

	2026
	37.0
	20.07
	16.93
	3346.2
	2067
	16.5
	14.12
	2.38
	3712.5

	2027
	36.5
	19.98
	16.52
	3362.7
	2068
	16.0
	13.90
	2.10
	3714.6

	2028
	36.0
	19.89
	16.16
	3378.8
	2069
	15.5
	13.67
	1.88
	3716.5

	2029
	35.5
	19.81
	15.69
	3394.5
	2070
	15.0
	13.45
	1.53
	3718.1

	2030
	35.0
	19.72
	15.28
	3489.8
	2071
	14.5
	13.22
	1.28
	3719.4

	2031
	34.5
	19.63
	14.89
	3424.7
	2072
	14.0
	13.00
	1.00
	3720.4

	2032
	34.0
	19.55
	14.43
	3439.2
	2073
	13.5
	12.77
	0.73
	3721.2

	2033
	33.5
	19.46
	14.04
	3453.2
	2074
	13.0
	12.54
	0.46
	3721.8

	2034
	33.0
	19.37
	13.63
	3466.8
	2075
	12.5
	12.32
	0.18
	3722.0

	2035
	32.5
	19.29
	13.21
	3480.0
	2076
	12.0
	12.09
	-0.09
	3721.9

	2036
	32.0
	19.20
	12.80
	3492.8
	2077
	11.5
	11.87
	-0.31
	3721.5

	2037
	31.5
	19.11
	12.39
	3505.2
	2078
	11.0
	11.64
	-0.64
	3720.9

	2038
	31.0
	19.02
	11.98
	3517.2
	2079
	10.5
	11.42
	-0.92
	3720.0

	2039
	30.5
	18.94
	11.56
	3528.8
	2080
	10.0
	11.19
	-1.19
	3118.8

	2040
	30.0
	18.85
	11.15
	3540.0
	2081
	9.5
	10.93
	-1.43
	3717.4

	2041
	29.5
	18.68
	18.72
	3550.7
	2082
	9.0
	10.67
	-1.67
	3715.7

	2042
	29.0
	18.52
	10.48
	3561.2
	2083
	8.5
	10.41
	-1.91
	3713.8

	2043
	28.5
	18.37
	10.13
	3571.3
	2084
	8.0
	10.14
	-2.14
	3711.7

	2044
	28.0
	18.21
	9.79
	3581.1
	2085
	7.5
	9.88
	-2.38
	3709.3

	2045
	27.5
	18.05
	9.45
	3590.6
	2086
	7.0
	9.62
	-2.62
	3706.7

	2046
	27.0
	17.89
	9.11
	3599.7
	2087
	6.5
	9.36
	-2.86
	3703.8

	2047
	26.5
	17.73
	8.77
	3608.5
	2088
	6.0
	9.10
	-3.10
	3700.7

	2048
	26.0
	17.58
	8.42
	3616.9
	2089
	5.5
	8.83
	-3.33
	3697.4

	2049
	25.5
	17.42
	8.08
	3625.0
	2090
	5.0
	8.57
	-3.57
	3693.8

	2050
	25.0
	17.26
	7.74
	3632.7
	2091
	4.5
	8.31
	-3.81
	3670.0

	2051
	24.5
	17.10
	7.35
	3640.1
	2092
	4.0
	8.05
	-4.03
	3665.9

	2052
	24.0
	16.94
	7.06
	3647.2
	2093
	3.5
	7.79
	-4.29
	3661.6

	2053
	23.5
	16.79
	6.71
	3653.9
	2094
	3.0
	7.53
	-4.53
	3657.1

	2054
	23.0
	16.63
	6.37
	3660.3
	2095
	2.5
	7.26
	-4.76
	3657.3

	2055
	22.5
	16.47
	6.03
	3666.3
	2096
	2.0
	7.00
	-5.00
	3647.0

	2056
	22.0
	16.31
	5.69
	3672.0
	2097
	1.5
	6.74
	-5.24
	3643.4

	2057
	21.5
	16.15
	5.45
	3678.5
	2098
	1.0
	6.48
	-5.48
	3637.9

	2058
	21.0
	16.00
	5.00
	3683.5
	2099
	.5
	6.22
	-3.72
	3632.2

	2059
	20.5
	15.84
	4.66
	3688.2
	2100
	.0
	5.96
	-5.96
	3626.2

	2060
	20.0
	15.68
	4.32
	3692.5
	
	
	
	
	










Table 12 - Calculation of Carbon Sink Values for 0.6 GtCO2 per Year Emission Reduction Pathway
	Years Past
	Period Amount and % Factor
	Gt Amount

	2100 – 2098
	3yrs of 14.4Gt X .070
	1.01

	2097 – 2095
	3yrs of 18.0Gt X .030
	0.54

	2094 – 2091
	4yrs of 30.4Gt X .015
	0.46

	2090 – 2081
	10yrs of 208Gt X .005
	1.04

	2080 – 2061
	20yrs of 360Gt X .004
	1.44

	2060 – 2041
	20yrs of 340Gt X .003
	1.02

	2040 – 2000
	40yrs of 1516Gt X .0015
	2.27

	
	2100 - Total
	7.78Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2080 – 2078
	3yrs of 13.8Gt X .070
	0.97

	2077 – 2075
	3yrs of 19.2Gt X .030
	0.58

	2074 – 2071
	4yrs of 34.0Gt X .015
	0.51

	2070 – 2061
	10yrs of 127Gt X .005
	0.64

	2060 – 2041
	20yrs of 434GtX .004
	1.74

	2040 – 2021
	20yrs of 674Gt X .003
	2.02

	2020 – 1980
	40yrs of 1304Gt X .0015
	1.96

	
	2080 - Total
	8.42Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2060 – 2058
	3yrs of 49.8Gt X .070
	3.49

	2057 – 2055
	3yrs of 55.2Gt X .030
	1.66

	2054 – 2051
	4yrs of 82.0Gt X .015
	1.73

	2050 – 2041
	10yrs of 247Gt X .005
	1.24

	2040 – 2021
	20yrs of 674Gt X .004
	2.70

	2020 – 2001
	20yrs of 800Gt X .003
	2.40

	2000 – 1961
	40yrs of 950Gt X .0015
	1.40

	
	2060 - Total
	16.07Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2040 – 2038
	3yrs of 85.8Gt X .070
	6.01

	2037 – 2035
	3yrs of 91.2Gt X .030
	2.74

	2034 – 2031
	4yrs of 130Gt X .015
	1.95

	2030 – 2021
	10yrs of 367Gt X .005
	1.84

	2020 – 2001
	20yrs of 800Gt X .004
	3.20

	2000 – 1981
	20yrs of 550Gt X .003
	1.65

	1980 – 1941
	40yrs of 625Gt X .0015
	0.93

	
	2040 - Total
	18.33Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2020 – 2018
	3yrs of 125.2Gt X .070
	8.75

	2017 – 2015
	3yrs of 124Gt X .030
	3.71

	2014 – 2011
	4yrs of 165Gt X .015
	2.48

	2010 – 2001
	10yrs of 340Gt X .005
	1.70

	2000 – 1981
	20yrs of 550Gt X .004
	2.20

	1980 – 1961
	20yrs of 400Gt X .003
	1.20

	1960 – 1920
	40yrs of 415Gt X .0015
	   0.623

	
	2020 - Total
	20.673 Gt


 







Table 13 - Calculation of Carbon Sink Values for 0.6 GtCO2 per Year Emission Reduction Pathway
	Years Past
	Period Amount and % Factor
	Gt Amount

	2100 – 2098
	3yrs of 14.4Gt X .070
	1.01

	2097 – 2095
	3yrs of 18.0Gt X .030
	0.54

	2094 – 2091
	4yrs of 30.4Gt X .015
	0.46

	2090 – 2081
	10yrs of 208Gt X .005
	1.04

	2080 – 2061
	20yrs of 360Gt X .004
	1.44

	2060 – 2041
	20yrs of 340Gt X .003
	1.02

	2040 – 2000
	40yrs of 1516Gt X .0015
	2.27

	
	2100 - Total
	7.78Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2080 – 2078
	3yrs of 13.8Gt X .070
	0.97

	2077 – 2075
	3yrs of 19.2Gt X .030
	0.58

	2074 – 2071
	4yrs of 34.0Gt X .015
	0.51

	2070 – 2061
	10yrs of 127Gt X .005
	0.64

	2060 – 2041
	20yrs of 434GtX .004
	1.74

	2040 – 2021
	20yrs of 674Gt X .003
	2.02

	2020 – 1980
	40yrs of 1304Gt X .0015
	1.96

	
	2080 - Total
	8.42Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2060 – 2058
	3yrs of 49.8Gt X .070
	3.49

	2057 – 2055
	3yrs of 55.2Gt X .030
	1.66

	2054 – 2051
	4yrs of 82.0Gt X .015
	1.73

	2050 – 2041
	10yrs of 247Gt X .005
	1.24

	2040 – 2021
	20yrs of 674Gt X .004
	2.70

	2020 – 2001
	20yrs of 800Gt X .003
	2.40

	2000 – 1961
	40yrs of 950Gt X .0015
	1.40

	
	2060 - Total
	16.07Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2040 – 2038
	3yrs of 85.8Gt X .070
	6.01

	2037 – 2035
	3yrs of 91.2Gt X .030
	2.74

	2034 – 2031
	4yrs of 130Gt X .015
	1.95

	2030 – 2021
	10yrs of 367Gt X .005
	1.84

	2020 – 2001
	20yrs of 800Gt X .004
	3.20

	2000 – 1981
	20yrs of 550Gt X .003
	1.65

	1980 – 1941
	40yrs of 625Gt X .0015
	0.93

	
	2040 - Total
	18.33Gt













	Years Past
	Period Amount and % Factor
	Gt Amount

	2020 – 2018
	3yrs of 125.2Gt X .070
	8.75

	2017 – 2015
	3yrs of 124Gt X .030
	3.71

	2014 – 2011
	4yrs of 165Gt X .015
	2.48

	2010 – 2001
	10yrs of 340Gt X .005
	1.70

	2000 – 1981
	20yrs of 550Gt X .004
	2.20

	1980 – 1961
	20yrs of 400Gt X .003
	1.20

	1960 – 1920
	40yrs of 415Gt X .0015
	   0.623

	
	2020 - Total
	20.673 Gt


 







Table 14 - Calculation of Radiative Forcing for Year 2020
	CO2
	

	RF=
	[-2.4 x 10-7(412-278) exp2 + 7.2 x 10-4(412-278) - 2.1 x 10-4 x 0.5(333+278) + 5.36] ln (412/278)

	=
	[-2.4 x 1.8 x 10-3+7.2 x 1.34 x 10-2 -0.0633+5.36]0.393

	=
	[-0.0043+0.096-0.0633+5.36]0.393 = [.026+5.36] x 0.393 = 2.12 W/sqm



	CH4
	

	RF=
	[-1.3 x 10-6 x 0.5 x (1884+722) – 8.2 x 10-6 x .5 (333+270) + .043] (sqrt1884 - sqrt722)

	=
	[-7.35 x 10-3 – 4.94 x 10-3 + .043] (434-36.9) = 0.039 x 16.5= 0.64 W/sqm
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	RF=
	[-8 x 10-6 x 0.5(412+278) + 4.2 x 10-6 x 0.5(333+270) – 4.9 x 10-6 x .5 (884 + 722) +

	
	     0.017] (sqrt333 – sqrt270)

	=
	[-.00276 + .00127 - .00638 + 0.117] x 1.8

	=
	[0.118 – .0091] x 1.8 = 0.109 x 1.8 = 0.20 W/sqm



Breakdown of Temperature Components:
Total RF of 2.96 x 0.37C (old ECS value) = 1.1C; and 2.96 x 0.47˚C (for newly derived future EQS value) = 1.39C
Apportionment of year 2020 Temperature Rise:
CO2 = 2.12 W/sqm x .37 = 0.78C; CH4 = 0.54 W/sqm x .37 = 0.24C; N20 = 0.20 W/sqm x .37 = 0.074C


Table 15 - Calculation of Radiative Forcing by CO2 at Net-Zero for 0.4, 0.5, and 0.6 Pathways
Calculation for CO2
	2066
	[-2.4 x 10-7 (466-412) exp2 + 7.2 x 10-4 (466 - 412) – 2.1 x 10-4 x 0.5 (333+379) + 5.36] ln (466/412)

	
	[-.0007 + .039 - .075 +5.36] x 0.123 = (.037 + 5.36) x 0.123 = 5.32 x 0.123 = 0.654 W/sqm

	
	

	2076
	[-2.4 x 10-7 (477.2 – 412) exp2 + 7.2 x 10-4 (477.2 – 412) - 2.1 x 10-4 x 0.5 (333+389) + 5.36] ln (477/412)

	
	[-.00102 + .0469 - .076 + 5.36] x 0.209 = (-0.030 + 5.36) x 0.209 = 5.33 x 0.147= 0.783 W/sqm

	
	

	2100
	[-2.4 x 10-7 (499.6- 412) exp2 + 7.2 x 10-4 (499.6 - 412) – 2.1 x 10-4 x 0.5 (333 + 413) + 5.36] ln (500/412)

	
	[-.0018 + .063 - .078 + 5.36] x 0.192 = (-0.017 + 5.36) x 0.192 = 5.34 x 0.192 = 1.025 W/sqm




Table 16 - Calculation of Radiative Forcing by CH4 at Net-Zero for 0.4, 0.5, and 0.6 Pathways
Calculation for CH4
	2066
	[-1.3 x 10-6 (1884 + 2100)/2 - 8.2 x 10-6 (333 + 379) / 2 + 0.043] (sqrt2100 - sqrt1884)

	
	[-.0026 - .0029 + 0.043] (45.8-43.4) = 0.037 x 2.4 = 0.089 W/sqm

	
	

	2076
	[-1.3 x 10-6 (1884 + 2100/2 – 8.2 x 10-6 (333 + 389)2 + .043] (sqrt2100 - sqrt1884)

	
	[-.0026 - .0030 + .043] x 2.4 = .037 x 2.4 = .089 W/sqm

	
	

	2100
	[-1.3 x 10-6 (1884 + 2100/2 – 8.2 x 10-6 (333+413)2 + .043] (sqrt2100 - sqrt1884)

	
	[-.0026 - .0031 + .043] x 2.4 = .037 x 2.4 = .089 W/sqm




Table 17 - Calculation of Radiative Forcing by N20 at Net-Zero for 0.4, 0.5, and 0.6 Pathways
Calculation for N20
	2066
	[-8.0 x 10-6 x 439 + 4.2 x 10-6 x 356 – 4.9 x 1992 x 10-6 + 0.117] (19.47 –18.25)

	
	[-.0035 + .0015 - .0098 + .117] x 1.22 = [-.10118 + .117] +1.22 = 0.105 x 1.22 = 0.128 W/sqm

	
	

	2076
	[-8.0 x 10-6 x 439 + 4.2 x 10-6 x 361 – 4.9 x 10-6 x 1992 x 10-6 + .117] (19.72 - 18.25)

	
	[-.0036 + .0015 - .0098 + .117] x 1.22 - .0118 + .117] x 1.47 x .105 = 0.154 W/sqm
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	[-8.0 x 10-6 x 456 + 4.2 x 10-6 x 376 – 4.9 x 10-6 x 1992 x 10-6 + .117] (20.4 – 18.25)

	
	[-.0036 + .0016 - .0098 + .117] x (2.15) = 0.105 x 2.15 = 0.226 W/sqm
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Supplemental Data Addendum
This numerical Data Addendum provides the supplemental information as necessary to validate the results provided in the subject climate-change article. It is presented in original detail to enable scientific reviewers to review each step of the lengthy analysis performed to obtain global temperature rise estimates at net-zero conditions.
This Supplemental Data is as important as the Extended Data and represents a necessary overflow of data because of the ten Table limit specified for Extended.
The information consists primarily of tabular data that calculates past carbon sink amounts to verify what the algorithm predicts, calculates radiative forcing for the year 2020 to verify observed temperature and determines a new value to use for the Equilibrium Climate Sensitivity factor. Recall the overall evaluation process is performed for three selected linear emission reduction pathways starting at 40 Gigatonne (Gt) CO2 in the year 2020. The selected pathways for evaluation were for annual reductions of 0.4, 0.5 and 0.6 GtCO2 per year until net-zero conditions are reached in years 2066, 2076 and 2100, respectively.
The following List identifies four Tables, and one Figure that are included as Supplemental Data:
Table 18. Affirmation of Calculated Carbon Sink Values Prior to 2020
Table 19 Reconstruction of Idealized Temperature Profile from 1850 to 2020
Table 20. CO2 Carbon Sink Values from year 1980 to 20
 Figure 2. Smoothed Actual Temperature Profile and Idealized Pathway from 1850 to 2020

Table 18 - Affirmation of Carbon Sink Values Prior for 2020 and Decades Earlier

	Year
	CO2 ppm
	ppm/year
	Net Gt
	Calc. Sink Gt
	Total Gt
	Emissions Gt

	
	
	
	
	
	
	

	2020
	414.24
	2.5
	19.5
	20.7
	40.2
	40.3

	2010
	391.10
	2.5
	19.5
	19.3
	38.8
	41.2

	2000
	369.71
	1.8
	14.0
	14.7
	28.7
	30.0

	1990
	354.43
	1.7
	13.3
	13.3
	26.8
	27.0

	1980
	338.76
	1.6
	12.5
	10.1
	23.5
	25.0



Note: This Table shows that the calculated carbon sink values, when added to the Net measured increase in concentration, produces results very close to the estimated emissions.


 




Table 19 - Reconstruction of Idealized Temperature Profile from 1850 to 2020

	Year
	CO2 ppm
	ln(ppm/280)
	Temperature C

	
	
	
	

	2020
	414
	0.391
	1.400

	2010
	390
	0.331
	1.185

	2000
	370
	0.279
	1.000

	1990
	354
	0.235
	0.841

	1980
	339
	0.191
	0.684

	1970
	325
	0.149
	0.534

	1960
	317
	0.124
	0.444

	1950
	310
	0.102
	0.365

	1940
	105
	0.086
	0.308

	1930
	300
	0.069
	0.247

	1920
	295
	0.052
	0.186

	1910
	292
	0.042
	0.150

	1900
	290
	0.035
	0.125

	1890
	288
	0.028
	0.100

	1880
	286
	0.021
	0.075

	1870
	284
	0.014
	0.050

	1860
	283
	0.011
	0.039

	1850
	282
	0.007
	0.025




Temperature calculated as 3.58 In (CO2 ppm/280) where the value 3.58 was chosen so that the shape from 1980 forward matched the measured temperature. This place the end values at 1.4 degrees C in 2020 compared to 1.1 degrees C actual. Please see Figure 2 shaping mode for illustration.

The volcanic ash in the atmosphere during certain periods in the last century caused large negative radiative forcing that appreciably altered the global temperature during this period.  This means that only climate sensitivity values based upon measured temperatures will be biased towards a smaller value than that due to GHG forcing alone. 















Table 20 - CO2 Carbon Sink Values from Year 1980 to 2010
	Years Past
	Period Amount and % Factor
	Gt Amount

	2010 – 2008
	3yrs of 122.2Gt X .070
	8.55

	2007 – 2005
	3yrs of 122.0Gt X .030
	3.36

	2004 – 2001
	4yrs of 136.0Gt X .015
	1.95

	2000 – 1991
	10yrs of 256.3Gt X .005
	1.28

	1990 – 1971
	20yrs of 647.7Gt X .004
	2.60

	1970 – 1951
	20yrs of 300Gt X .003
	0.90

	1950 – 1911
	40yrs of 440Gt X .0015
	0.66

	
	2010 - Total
	19.3Gt















	Years Past
	Period Amount and % Factor
	Gt Amount

	2000 – 1978
	3yrs of 89.1Gt X .070
	6.24

	1997– 1995
	3yrs of 86.3Gt X .030
	2.59

	1994 – 1991
	4yrs of 110.6Gt X .015
	1.66

	1990 – 1981
	10yrs of 260Gt X .005
	1.30

	1980 – 1961
	20yrs of 407GtX .004
	1.63

	1960 – 1941
	20yrs of 234Gt X .003
	0.70

	1940 – 1901
	40yrs of 400Gt X .0015
	0.60

	
	2000 - Total
	14.7Gt















	Years Past
	Period Amount and % Factor
	Gt Amount

	1990 –1988
	3yrs of 80.4Gt X .070
	5.63

	1887 – 1985
	3yrs of 78.6Gt X .030
	2.36

	1984 – 1981
	4yrs of 102Gt X .015
	1.53

	1980 – 1971
	10yrs of 225Gt X .005
	1.13

	1970 – 1951
	20yrs of 300Gt X /004
	1.20

	1950 – 1931
	20yrs of200Gt X .003
	0.60

	1930 – 1891
	40yrs of 350Gt X .0015
	0.53

	
	1990 - Total
	13.5Gt















	Years Past
	Period Amount and % Factor
	Gt Amount

	1980 – 1978
	3yrs of 73.5Gt X .070
	6.01

	1977 – 1975
	3yrs of 63Gt X .030
	7.74

	1974 – 1971
	4yrs of 85Gt X .015
	1.95

	1970 – 1961
	10yrs of 175Gt X .005
	1.84

	1960 – 1941
	20yrs of 234Gt X .004
	3.20

	1940 – 1921
	20yrs of 140Gt X .003
	1.65

	1920 – 1880
	40yrs of 230Gt X .0015
	0.93

	
	1980 - Total
	11.1Gt
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