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Tables were created for the expected equilibrium temperature for various combinations of for CO2 emissions from
2019-2100, non-CO2 radiative forcing in 2100, and climate sensitivity. The values in the tables were calculated by
starting with a formula that calculates a CO2 budget based on nonCO2 radiative forcing, equilibrium temperature, and
climate sensitivity': CO2 Budget = (278 * e((5.35 * Ln(1 + ET / CS) - NonCO2RF) /5.35) - 342.87)/ 0.2586. The formula
was then "solved" for equilibrium temperature:

ET=(e((In((0.2586 * CO2 Emissions + 342.87)/278) * 5.35) + NonCO2RF) /5.35) -1)*CS
Non-CO2 radiative forcing

The Non-CO2 radiative forcing (NonCO2RF) expected for 2100 needs to examined more carefully as the requirements to
meet various levels are not well defined. The following table gives the values for the various RCPS (from IPCC Physical
Basis AR5):

IPCC Radiative Forcing Estimates
Greenhouse Gas Chemical | Residency 2011 2100- RCP | 2100- RCP | 2100- RCP | 2100 - RCP
Formula Time 2.6 4.5 6.0 8.5
Carbon dioxide Co2 5-200 1.68 2.22 3.54 4.70 6.49
Mitrous oxide N20 114 0.17 0.23 0.32 0.41 0.43
CFCs 45-85 034 0.10 0.10 0.10 0.10
Methane CHa 12 0.97 0.27 0.41 0.44 1.08
Other Climate Factors -0.87 -0.22 0.13 0.35 0.34
Non-C0O2 Rad. Fore, 0.61 0.38 0.96 1.30 2.01
Total 2.29 2.60 4.50 6.00 8.50

Natural feedbacks

Many of the emissions from natural feedbacks are temperature-dependent. Given a likely temperature increase of at

least 2° C by 2050 it seems reasonable that cumulative emissions from natural emissions will likely be in the range of
120-200 GTC by 2100 (not including methane from methyl hydrates)**

Anthropogenic CO2 emissions

The following tables show the CO2 emissions from 2019-2100 for various combinations of fossil fuel reductions (without

BECCS, CCS, or CDR):

9.86 | 2015 Fossil Fuel Emissions (GTC)
1.6 | 2015 land use emissions (GTC)
2070 | Year when land use emissions reach zero
0.029 | Land use decline/year (GTC)

35 | CO2 Emissions 2016-2018
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Peak Yr: 2020 2025 2030
Pct Chg to Peak Yr: 0 1 2 0 1 2 0 1 2
0 846 858 931 846 929 1020 846 970 1111
Annual Pct -1 297 620 656 624 683 748 o649 741 846
Change -2 445 466 488 484 529 578 522 593 674
After Peak -3 348 365 382 393 429 467 437 495 260
¥r -4 285 298 312 332 362 393 379 427 482

Emissions 2019-2100 Emissions 2019-2100 Emissions 2019-2100

Climate sensitivity

A reasonable value for climate sensitivity (based on is about demonstrated by the models that best capture current

conditions) is 3.7>°.

Equilibrium Temperature

The following tables show calculations of the equilibrium temperature for various combinations of non-CO2 radiative
forcing, climate sensitivity, and total CO2 emissions from 2018-2100 (total CO2 emissions include both anthropogenic
and natural and the formula used in the calculation was adjusted to account for 35 GTC of anthropogenic emissions
between 2016 and 2018). Yellow highlighted cells give an indication of the maximum emissions that will result in a
temperature increase of 1.5° C. Magenta highlighted cells give an indication of the maximum emissions that will result

in a temperature increase of 2.0 ° C.

ET=(power(2.718,{{In({0.2586 * CO2 Emissions after 2015 + 342.87)/278) * 5.35) + NonCO2RF) /5.35) -1)*CS

Non-CO2 RF (W/m-2]o.a  [°c

Climate Sensititivity
20 22| 24] 28] 28] 30| 32| 34| 36] 38 a0 a2] a4 a6] as8] s0
-200] 0.33] o0.36] 0.39] 043 046 049 0.52] 056 o059 062 065 069 0.72] 075] 0.79] 082
100] 053] 053] 0.63] 069 074] 0.79] 0.34] 090] 095 100 106] 111] 118] 121] 127 132
o] o073 o080 087 095 1.02] 109] 117] 124] 131] 1.38] 146] 153] 160 168 175 182
100] 093] 102] 111] 121] 1.30] 1.39] 149] 158] 167] 1.76] 1.86] 1.95] 204 224 223 232
2000 1.13] 124] 136 147] 158] 169] 181 192] 203 2.15] 226] 237 24s] 260 27| 232
300] 1.33] 148] 160] 1.73] 1.86] 199] 213] 226 239 2.53] 2.86] 2.79] 293] 306 319 3.32
Emissions| 400] 1.53] 168 1.84] 199 2.14] 230] 245] 260 275] 291 3.06] 3.21] 3.37] 352] 367 383
after2018| soo| 1.73] 190 2.08] 2.25] 242] 260 277] 294] 3.1 3.29] 348] 363 381 398 4.1s] 433
(6TC) 600 193] 212] 232 251] 2.70] 290] 3.09] 328 348 3.67] 3.86] a06] 425] aa4] a63] as3
700 213] 234] 256 2.77] 298] 3.20] 3.41] 362] 3.84] 4.05| 4.26] aa4s] ae9] as0] 512 533
800| 2.33] 2.57] 2.80] 3.03] 3.26] 3.50] 3.73] 3.96] 4.20] 443] ae6| 490] s5.13] s5.36] s.60] 583
900| 2.53] 2.79] 3.04] 3029] 355 3.80] 4.05] a30] as6] as1] 506 532] 557 5.8 6.08] 633
10000 2.73] 3.01] 3.28] 355 3.83] a10] 437] aes| 492 519 547 s 6.01] 629 636 683
1200 2.93] 3.23] 352 3.81] 411 4.40] a69] a99] s28] 557 s5.87] 6.a6] 645 675] 704] 733
1200 3.13] 3.45] 376 4.07] 439] a70] s.01] 533 564 595 6.27] 6.58] 6.89] 701 752 783




ET=(power{2.718,{{In{{0.2586 * CO2 Emissions after 2015 + 342.87)/278) * 5.35) + NonCO2RF) /5.35) -1) * (S

Non-CO2 RF (W/m-2]0.6  [°C

Climate Sensititivity
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4,2 4.4 4.6 4.8 5.0

-200| 0.42| 046 050 0.54| 053 0.62| 0.67) 071 075 0.79 0.83 087 0592| 096 100 1.04
-100| 0.62| 0.69| 0.753| 0.81] 0.87| 0.%4( 1.00) 1.06| 1.12( 1.19] 1.25 1.31| 1.37] L1.44| 150 1.56
0| 0.83] 092 100 108 1.17 1.25( 1.23] 1.41| 1.50( 1.58| 1.6/ 1.75( 1.83] 1.91| 2.00] 2.08
100 1.04| 1.14| 1.25] 1.35| 1.46| 1.56| 1.66| 1.77| 1.87| 1.98| 2.08] 218 2.29| 2.39( 2.50| 2.60
2000 1,25 1.37] 1.50] 1.62| 1.75| 187 2.000 2.12| 2.25| 2.37| 2500 2.62| 2.75 287 3.00 3.12
3000 1.46( 1.60| 1.75| 1.89| 2.04| 2.18] 2.33| 248| 2.62| 2.77| 291 3.06) 3.201 3.35 3.50] 3.64
Emissions 400 1.66| 1.83| 2.00( 2.16) 2.33) 2.50( 2.66| 2.83) 3.00( 3.16| 3.33) 3.50( 3.66| 3.83| 3.99| 4.16
after 2018 500 1.87) 2.06) 2.25| 243 2.62| 2.81| 3.00] 3.18| 3.37| 3.56| 3.75| 3.93| 4.12| 4.31| 449 4.68
(GTC) 600) 2.08| 2.29| 250 2.70| 291 3.12| 3.33| 3.54| 3.75| 3.95| 4.16] 4.37| 4.58| 4.79( 4.99| 5.20
J00| 2,29 2.52| 2.73 298| 3.200 3.43| 3.66| 3.89] 4.12| 4.35| 453 4.81| 5.04| 5.26( 549 572
800) 2.50( 2.75| 3.00[ 3.25| 3.50) 3.75| 4.00( 4.24] 449 4.74] 4.99| 5.24| 549 574 3599 6.24
900 2.70] 2.93| 3.25( 3.52| 3.79| 4.06( 4.33] 4.60) 4.87 5.14| 541 568 595 6.22| 649 6.76
1000f 2,91 3.20| 3.50|1 3.79| 4.08| 4.37| 4.66| 4.95| 5.24) 553 5483 6,12 641 6.70] 6,93 7.28
1100 3.12| 3.43] 3.75| 4.06| 4.37| 4.68| 4.99| 531 562 593 6.24| 6.55 6.87 7.18| 749 7.80
1200| 3.33| 3.66| 4.001 4.33| 4.66| 4.99| 5.33| 566| 599 6.33| 6.66| 6.99) 7.32( 7.66) 7.93| 8.32

ET=(power(2.718,{{In{{0.2586 * CO2 Emissions after 2015 + 342.87)/278) * 5.35) + NonCO2RF) /5.35) -1) *CS

Non-CO2 RF (W/m-2J0.8  |°C

Climate Sensititivity

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0

-2000 051 0.56( 0.61] 0.66( 0.71] 0.76) 0.81| 0.86| 0.91| 097 1.02| 1.07| 1.12( 117 1.22( 1.27

-100| 0.72| 0.80( 0.57] 094 1.01] 1.09] 116 1.23] 1.30] 1.33[ 145 1.532| 1.59( 1.67] 1.74| 1.81

0 054 1.03] 1.13| 1.22| 1.32( 1.41| 1.50| 1.60( 1.69| 1.79| 1.B88| 1.97| 2.07| 2.16( 2.26| 2.35

100 1.16| 1.27[ 1.39] 1.50| 1.62| 1.73| 1.85| 1.97| 2.08| 2.20( 2.31| 243 254 2.66) 2.77| 2.89

2000 1.37| 1.51 1.63| L1.73| 1.92| 2.06| 2.20| 2.33| 247 2.61 2.74| 2.88 3.02( 3.16] 3.29| 3.43

300 1.59) L1.73| 1.91] 2.08( 2.22| 2.38] 2.534| 2.70[ 2.86) 3.02| 3.18| 3.34] 3.49] 3.65| 3.81] 3.97

Emissions 400 1.80] 1.98| 2.16| 2.35| 2.53| 2.71| 2.89| 3.07| 3.25] 3.43| 3.61| 3.79] 3.97| 4.15 4.33] 4.51

after 2018 5000 2.02) 2.22( 242| 2.63| 2.83| 3.03) 3.23| 3.43| 3.64| 3.84( 4.04| 4.24) 444 465 4.85 5.05

(GTC) 600 2.24| 246 2.68] 2.91 3.13] 3.35| 3.538| 3.80( 4.03] 4.25| 447 4.70] 4.92| 514 5.37) 5.59

7000 245 270 2.94] 3,19 3.43| 3.68| 3.92| 4.17| 4.41| 4.66) 490 515 539 5.64| 5.89] 6.13

800\ 2.67| 2.93| 3.200 347 3.74| 4.00| 4.27| 454 4.80) 5.07 5.34| 560 587 614 6.40) 6.67

900 2.88] 3.17| 3.46| 3.75 4.04( 4.33| 4.61] 480 519] 548 577 6.06] 6.35| 6.63] 6.92] 7.21

1000 32.10| 3.41] 3.72( 4.03] 4.34| 4.65| 4.96) 5.27| 558| 5489 6.20 6.51| 6.82) 713 744 775

1100 3.32| 3.65| 3.98( 4.31] 4.64| 497 5.31| 564 597 6.30) 6.63| 6.96| 7.300 7.63] 7.96] 8.29

1200 3.53| 3.89| 4.24( 4.59] 4.95| 530 5.65| 6.00 6.36| 6.71) 7.00| 742 777 8.12 8&8.48] 38.83




ET= (power({2.718,{{In{{0.2586 * CO2 Emissions after 2015 + 342.87)/278) * 5.35) + NonCO2RF) /5.35) -1} *C5

Non-CO2 RF (W/m-2]1.0  [*C

Climate Sensititivity
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0

-200| 0.0 0.66( 0.72| 0.73| 0.84( 0.91| 097 1.03| 1.09| 115 121 1.27] 1.33] 1.23| 145 151
-100| 0.83| 0.91 0.99| 1.08| 1.16( 1.24| 1.32| 1.41 1.49| 1.57| 1.66( 1.74] 1.82] 1.90| 1.99| 2.07

0| 1.05 1.16| 1.26] 1.37| 1.47| 1.58| 1.68| 1.79| 1.89| 200 2.10| 2.21| 2.31| 242| 252 2.63
100 1.28) 1.40( 1.53| 1.66) 1.79| 1.91| 2.04] 217 2.30] 2.42| 2.55 2.68] 2.81| 2.54] 3.00( 3.19
2000 1.500 1.65| 1.80| 1.95| 210 2.25| 2.40| 2.55 2,70 2.85| 3.001 3.15] 3.30| 3.45| 3.60( 3.75
3000 1.72) 1.80( 2.07| 2.24) 241 259 2.76| 2.93| 3.10| 3.28| 3.45 3.62| 3.79| 3.97| 4.14| 431
Emissions 4000 1.95( 2.14| 2.34] 253 2.73| 2.92] 3.12 3.31) 3.51) 3.70] 3.90( 4.09] 4.29| 4.48| 4.68[ 4.87
after 2018 5000 2.17) 2.39( 2.61| 2.83] 3.04/ 3.26| 3.48| 3.69 3.91| 4.13| 4.35| 456 4.78| 5.000 5.22( 543

(GTC) 600 2.40| 2.64| 2.88| 3.12| 3.36| 3.60| 3.84| 4.08| 4.32| 4.56| 4.79] 5.03] 527 551 575 599
700 2.62| 288 3.5 3.41] 3.67| 3.93| 4.19| 4.46| 4.72| 4.98) 5.24| 551 577 6.03] 6.29] 6.55
800 2.85| 3.13| 342\ 3.70] 3.93| 4.27| 455 4.84| 512| 541| 563 598 6.26| 6.55 6.83] 711
900| 3.07) 3.33| 3.68| 3.99] 4.30( 4.61| 4.91] 522 5.53| 5383 6.14| 645 6.75 7.06| 7.37| /.08

1000 32.29| 3.62| 3.95| 4.28| 4.61] 4.94| 527 560 593 6.26| 6.59| 6.92| 7.25 7.58| 7.91| 8.24
1100 3.52| 3.87| 4.22| 457 4.93] 5.28| 5.63| 5.98| 6.33| 6.69 7.04| 7.39| 774 8.09) 8.44| B8.80

12000 3.74| 4.12] 4.49| 487 5.24] 561 599 6.36) 674 7J.11{ 7493 7.86| 8.23[ 8&8.61] 8.93] 9.36

ET=(power(2.718,{(In{(0.2586 * CO2 Emissions after 2015 + 342,87)/278) * 5.35) + NonCO2RF) /5.35) -1) *CS

Non-CO2RF (W/m-2]1.2 [°C

Climate Sensititivity

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0

-2000 0.701 0.77 0.84| 0.91] 093 1.05 1.12| 119 1.26( 1.34] 1.41| 143 155 1.62| 1.69 176

-100| 0.54] 1.03] 1.12| 1.22| 1.21] 1.40] 1.50] 1.9 1.638| 1.78] 1.87| 196/ 2.06| 2.15] 2.25 234

0 1.17] 1.29) 1.40( 1.52| 1.64| 1.75 1.87[ 1.99| 2.10] 2.22( 2.34| 245 2.57| 2.69| 2.30| 292

100 1.40) 1.54| 1.68| 1.82| 1.96) 2.10( 2.24( 2.38| 2.532| 2.66| 2.80| 2.94| 3.08| 3.22| 3.36| 3.50

2000 1.63) 1.80| 1.96| 2.12| 2.29| 2.45( 2.61| 2.78] 2.94| 3.10( 3.27| 3.43| 3.59| 3.76| 3.92| 4.08

300 1.87) 2.05| 2.24( 2.43| 2.61) 2.80( 299 3.17 3.36) 3.55| 3.73] 3.92| 4.11| 4.29( 4.43| 4.67

Emissions 4000 2.10{ 2.31) 252 2.73) 2,94 3.15] 3.36| 3.57| 3.78) 3.99] 4.20) 441 4.62] 4.83[ 5.04] 35.25

after 2018 500 2.33) 2.57| 2.80| 3.03] 3.27| 3.50( 3.73] 3.96| 4.20 4.43| 4.66) 490 5.13] 5.36| 5.60| 5.83

(GTC) 600 2.56) 2.82| 3.08| 3.33| 3.539) 3.85( 4.10[ 4.36) 4.62| 4.87[ 513] 5.39] 5.64| 5590 6.16] 641

700 2.80) 3.08| 3.36| 3.64| 3.92| 4.20( 4.48| 4.76| 5.04| 5.32| 5.60] 588 6.16] 643 6.71] 6.99

800 3.03| 3.33| 3.64( 3.94| 4.24] 4,55 4.85| 515 545 576 6.00| 6.36) 6.67| 697 7127 7.58

Q00| 3.26| 3.59| 3.92( 4.24| 457 4.89( 522 555 5.87| 6.201 6.53] 6.85 7.18| 7.51 7.83] &.16

1000 3.50( 3.85| 4.200 4.54| 4.39| 5.24| 559 594 6.29| 6.64| 699 7.34| 7.69) 8.04] 8.39] B8.74

1100 3.73| 4.10| 4.47) 4.85 5.22| 559 5597 6.34| 671 7.08| 746| 7.83) 8.20) &8.38| 8.95| 9.32

1200 3.96| 4.36| 4.75| 515 555 594| 6.34| 6.73| 7.13| 7.53| 7.92| 8.32| &.72| 9.11| 951 9.90




' ET=(power(2.718,{(In{(0.2586 * CO2 Emissions after 2015 + 342.87)/278) * 5.35) + NonCO2RF) /5.35) -1) *CS

Non-CO2RF (W/m-2]1.4 [°C

Climate Sensititivity

[ 20, 22| 24| 28 28 30| 32| 34| 3.8 38 40 42 44 48 48 50
-200| o0.81 0.89| 0.7 105/ 113 121 129 1.37| 14s| 1.53| 1.61| 1.69| 1.77| 1.85 1.93] 2.01
-100| 1.05| 115\ 126 1.38| 147 157 168 178 1.8s| 1.99| 209 220 2.30| 241| 2.51] 2.62
0 129 1.42| 155 1.68| 1.80| 1.93| 2.06| 2.19| 2.32| 2.4s5| 2.58) 2.71| 2.84| 296 3.09| 3.22
100 1.53| 1.68| 1.84| 1.99| 2.14| 2.30| 24s| 260 2.76| 2.91| 3.068| 3.21| 3.37| 3.52| 3.67| 3.83
200 1.77| 1.95| 2.13| 2.30| 2.48| 2.66) 2.84| 3.01| 3.19| 3.37| 3.54| 3.72| 3.90| 4.08| 4.25| 4.43
i 3000 201 2.22| 242 2.62| 2.82| 3.02| 3.22| 3.42| 3.62| 3.83| 4.03] 4.23| 443 4.63| 4.83] 5.03
'|Emissions| 400| 2.26| 2.48| 2.71| 293 3.16| 3.38| 3.61| 3.83| 4.06| 4.29| 451| 4.74| 496 5.18| 5.41| 5.64
|after2018| s5oo| 2.550| 2.75| 3.00| 3.25| 350 3.75| 400 4.25| 4.49| 4.74| 499 5.24| 549 5.74] 599 6.24
(GTC) 600 2.74| 3.01| 3.29| 3.58| 3.83| 4.11| 4.38) 4.66| 4.93| 5.20| 5.48| 5.75| 6.03| 6.30| 6.57| 6.85
| 700| 2.98| 3.28| 3.58| 3.87| 4.17| 4.47 477 5.07| 5.36| 5.66| 5.96| 6.26| 6.56 6.86 7.15| 7.45
800 3.22| 3.54| 3.87| 4.19| 4.51| 4.83| 5.16| 5.48| 5.80| 6.12| 644 677 7.09 741 7.73| 8.06
900| 3.46| 3.81| 4.16| 4.50| 4.85| 5.20| 5.54| 5.88| 6.23| 6.58) 6.93| 7.27| 7.62| 7.97| 8.31| 8.66
1000 3.71| 4.08| 4.45| 4.82| 5.19| 556 5.93| 6.30| 6.67] 7.04| 741 7.78| 815 8.52| 8.89 9.26
1100 3.95| 4.34| a.74| 5.13| 5.53| 592| 632 671 710/ 7.50| 7.89| 8.29| 8.68| 9.08| 9.47| 9.87
1200 4.19| 4.61| 5.03| 5.45| 5.86| 6.28] 6.70| 7.12| 7.54| 7.96| 8.38| 8.80| 9.22| 9.63| 10.05| 10.47
End Notes
1 http://ccdatacenter.org/documents/CO2UptakeExpectations.pdf
2 http://ccdatacenter.org/documents/TemplncreaseExpectations.pdf
3 http://ccdatacenter.org/documents/NaturalEmissionsExpectations.pdf
4 http://ccdatacenter.org/documents/GlobalWarmingFeedbackExpectations.pdf
5 (Footnote #68 in What Lies Beneath (download PDF from https://www.breakthroughonline.org.au/Xu, Y &

Ramanathan, V 2017, ‘Well below 2 °C: Mitigation strategies for avoiding dangerous to catastrophic climate
changes’, Proceedings of the National Academy of Sciences, vol. 114, pp. 10315-10323.

http://ccdatacenter.org/documents/ClimateSensitivityExpectations.pdf
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