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Abstract

In our Fair Plan 5 paper, we compared the CO; emissions of the 80%-Emission-Reduction-By-2050
(80/50) Plan with the CO; emissions of our Fair Plan to Safeguard Earth’s Climate. We found that
the 80/50 Plan reduced CO; emissions more rapidly than necessary to achieve the principal objec-
tive of the Fair Plan: to keep Global Warming (GW) within the 2°C (3.6°F) limit adopted by the UN
Framework Convention on Climate Change (UNFCCC) “to prevent dangerous anthropogenic inter-
ference with the climate system”. Here, we ask the “What If’ question: “What would the GW of the
80/50 Plan be post 2100 if its CO, emissions post 2100 were kept at their 2100 value?” We find
that although the GW of the 80/50 Plan decreases slightly over part of the 21st century, it does not
remain constant thereafter. Rather, the GW of the 80/50 Plan begins to increase in 2088, exceeds
that of the Fair Plan beginning in 2230, exceeds the 2°C (3.6°F) limit of the UNFCCC in 2596, and
ends the millennium at 2.7°C (4.8°F). Thus, not only does the 80/50 Plan phase out humanity’s CO;
emissions faster than necessary to fulfill the UNFCCC constraint, it also fails that constraint if its
CO; emissions post 2100 are kept at their 2100 value. Accordingly, we believe that the Fair Plan to
Safeguard Earth’s Climate is superior to the 80/50 Plan.
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1. Introduction

In our Fair Plan 5 paper [1]|, we compared and contrasted the greenhouse-gas emissions of the 80%-Emission-
Reduction-By-2050 (80/50) Plan with both our Fair Plan to Safeguard Earth’s Climate and a Reference case.
The CO, emissions of these three scenarios are shown in Figure 1 and are described below.
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Figure 1. CO, emissions from 1750 to 2100: Historical (black line), Ref-
erence case (red line), Fair Plan to Safeguard Earth’s Climate (green line),
and the 80/50 Plan (blue line).

1.1. Reference Case

In our five earlier Fair Plan papers, FP1 - FP5 [1]-[5], we have taken the Reference Concentration Plan 8.5
(RCP-8.5) greenhouse gas (GHG) emission scenario [6] as our Reference case, which is the way the world
would likely emit GHGs if either there were no consequent climate change or if we were completely ignorant
thereof. The RCP-8.5 was developed at the International Institute for Applied Systems Analysis near Vienna,
Austria, to be one of four emission scenarios developed for the Fifth Assessment Report (ARS) of the Intergo-
vernmental Panel on Climate Change (IPCC) [7]. RCP-8.5 is the highest of these scenarios and leads to a radia-
tive forcing—the change in the net incoming radiation at the top of Earth’s atmosphere—of about 8.5 W-m ™~ in
2100. The emission of CO, under RCP-8.5 is shown by the red line in Figure 1.

1.2. Fair Plan to Safeguard Earth’s Climate

We crafted the Fair Plan to Safeguard Earth’s Climate [3] to achieve three objectives:

Objective 1: The cumulative trade-adjusted CO, emissions by the developing countries equal the cumulative
trade-adjusted CO, emissions by the developed countries. Trade-adjusted emissions mean the emissions incurred
by country A to export goods and/or services to country B are debited to country B, not country A.

Objective 2: The maximum Global Warming above preindustrial temperature does not exceed the 2°C (3.6°F)
chosen by the United Nations Framework Convention on Climate Change (UNFCCC) “to prevent dangerous
anthropogenic interference with the climate system” [8].

Objective 3: The phaseout of CO, emissions is begun as late as possible in the 21st century and proceeds at
the slowest possible pace, consistent with Objectives 1 and 2.

The trade-adjusted CO, emissions by the developed countries are taken as the product of the CO, emissions of
the Reference case times an intensity that linearly decreases in time from unity in 2020 to zero in 2100. Similar-
ly, the trade-adjusted CO, emissions by the developing countries are taken as the product of the CO, emissions
of the Reference case times an intensity that decreases in time more slowly than linearly from unity in 2020 to
zero in 2100. The intensity for the developing countries is a cubic polynomial in time with the coefficients set to
achieve Objectives 1 and 2 above. The emission of CO, under the Fair Plan is shown by the green line in Figure
1. For the emissions of the other greenhouse gases, we took their curves from RCP-8.5 and applied the same in-
tensities thereto for the developed and developing countries as we did for CO,. Further details of these calcula-
tions are described in FP2 [3].

1.3.80/50 Plan

In the 80/50 Plan, greenhouse-gas emissions are reduced by 80% relative to a reference year—taken here to be
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2020—by 2050 and are then held constant throughout the remainder of the 21st century as shown by the blue
line in Figure 1. The likely origin and history of the 80/50 Plan are described in FP5 [1]. The 80/50 Plan has
been proposed as the emission reduction plan for the United States in H.R.5271, the Healthy Climate and Family
Security Act of 2014 [9]. The 80/50 Plan was also implicit in the emission reduction cited in the White House
press release of 11 November 2014 about the U.S.-China Joint Announcement on Climate Change and Clean
Energy Cooperation [7].

In FP5 [1], we compared the CO, emissions of the 80/50 Plan with the emissions of the Fair Plan and the
Reference case through the 21st century, which is shown in Figure 1. We found that the 80/50 Plan reduces
greenhouse-gas emissions much more rapidly than necessary to achieve Objective 2 above, which Objective our
Fair Plan to Safeguard Earth’s Climate achieves.

Here, we extend our analysis through the third millennium and examine not only the CO, emissions, but also
the CO, concentrations and the changes in global-mean near-surface air temperature, that is, the Global Warm-
ing (GW). To our knowledge, this is the first time that the GW of the 80/50 Plan has been considered beyond
2100.

2. Carbon Dioxide (CO2)

In this section we discuss the CO, emissions and concentrations, and the carbon budgets of the Reference case,
the Fair Plan to Safeguard Earth’s Climate, and the 80/50 Plan.

2.1. Emissions

The CO, emissions through the third millennium are shown in Figure 2. As in FP1 - FP5 [1]-[5], the Reference
case from 2101 to 2500 is the Extended Concentration Pathway 8.5 (ECP-8.5) [10]. Thereafter, through 3000,
the emission rate is kept equal to its value in 2500. In contrast, by design, the CO, emissions for the Fair Plan
are zero post 2100. To our knowledge, post-2100 CO, emissions for the 80/50 Plan have not been proposed.
Accordingly, here we examine the “What If” question: “What would the post-2100 GW be if the post-2100 CO,
emissions were kept at their 2100 value?”

2.2. Concentrations

We use the simple carbon-cycle model of the Center for International Climate and Environmental Research-
Oslo (CICERO) [11] to calculate the CO, concentrations from the CO, emissions (Figure 3). It should be noted
that this model does not include the positive ocean-CO,-solubility/temperature feedback whereby the fraction of
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Figure 2. CO, emissions from 1750 to 3000: Historical (black line), Ref-
erence case (red line), Fair Plan to Safeguard Earth’s Climate (green line),

and the 80/50 Plan (blue line).
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Figure 3. CO, concentrations from 1750 to 3000: Historical (black line),
Reference case (red line), Fair Plan to Safeguard Earth’s Climate (green
line), and the 80/50 Plan (blue line). The dashed brown lines show the CO,
concentrations equal to twice (2xCQO,), four times (4xCO,), and six times
(6xCO,) the pre-industrial concentration (277 ppmv).

emitted CO, removed from the atmosphere by the ocean decreases with increasing temperature. Thus, ceferis
paribus, our calculated CO, concentrations are underestimates of those with this positive feedback included.

For the Reference case, the CO, concentration rises to 1928 ppmv in 2237 and then, as a result of the natural
sinks (Section 2.3), decreases to about 1750 ppmv over the last 400 years of the third millennium. Figure 4,
based on the data of [12], shows that this is about 500 ppmv larger than the CO, concentration was during the
late Eocene, 35 million years ago. Then there was no ice on Earth and sea level was 73 meters (240 feet) higher
than at the beginning of the Industrial Revolution. Some of the coastal cities of the World that would be inun-
dated by a sea-level rise of 66 meters (216 feet), based on a study by the National Geographic Society [13], are
listed in Table 1. Clearly, this is an outcome that humanity should not create by continuing its unabated emis-
sion of greenhouse gases.

For the Fair Plan, the CO, concentration rises to 612 ppmv in 2087, a bit more than twice the pre-industrial
CO, concentration of 554 ppmv, and then decreases to 406 ppmv by the end of the third millennium.

For the 80/50 Plan, the CO, concentration remains approximately constant throughout the 21st century, with a
mean value of 463 ppmv. Indeed, as we explained in FP5 [1], it is because of this near constancy of the CO,
concentration throughout this century that the 80/50 Plan has been proposed. But if the CO, emission of the 80/
50 Plan is continued beyond the 21st century at its value in 2100, the CO, concentration ceases to remain con-
stant and instead increases throughout the millennium to 834 ppmv in year 3000, nearly three times the pre-in-
dustrial value. Below we examine the carbon budget to learn how this happens.

2.3. Carbon Budgets

The carbon budgets are shown in Figure 5 for the Reference case (panel (a)), Fair Plan (panel (b)) and 80/50
Plan (panel (c)). In each panel the anthropogenic source, E,, is shown by the red solid line; the total sink,
S; =S8, +S,, is shown by the purple solid line-with the oceanic sink S, and biological sink S, shown by
the thin blue and green dashed lines, respectively; the net emission, E, = E, —S;, is shown by the black solid
line (note that, for clarity, the vertical scale for panels (b) and (c) is different from the vertical scale for panel
(a)).

For each scenario, E, decreases to below zero in the wake of the reduction in the anthropogenic source,
E . This occurs in 2239, 2089 and 2048 for the Reference case, Fair Plan and 80/50 Plan, respectively. E,
remains below or near zero for the Reference case and Fair Plan, but not for the 80/50 Plan. For the latter, E,
becomes positive in 2071 and steadily increases to almost 4 Gt CO,/year by the end of the millennium. It is this
difference in behavior of E,, for the 80/50 Plan that leads to the increase in CO, concentration after the 21st
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Figure 4. Sea level relative to pre-industrial sea level versus CO, concen-
tration for past climates: the Last Glacial Maximum (LGM) 21,000 years
before present (21 kbp), the Oligocene 32 million years before present (32
mbp) and the Eocene 35 million years before present (35 mbp) based on

the data of [12].
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Figure 5. CO, budget for the Reference case (panel (a)), Fair Plan (panel (b)) and 80/50 Plan (panel (c)). In
each panel the anthropogenic source, E,, is shown by the red solid line; the total sink, St = Sg + Sg, is shown
by the purple solid line-with the oceanic and biological sinks, Sp and Sg, shown by the thin blue and green

dashed lines, respectively; and the net emission, Ey = E5 — St, is shown by the black solid line (note that, for

clarity, the vertical scale for panels (b) and (c) is different from the vertical scale for panel (a)).
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Table 1. Some of the world’s cities inundated by a sea-level rise of 66 meters (216 feet). These data are based on a study by
the National Geographic Society [13].

Region Coastal Cities Inundated

Canciin, Veracruz, Havana, Houston, New Orleans, Miami, Tampa, Charleston, Norfolk,

North America & Gulf of Mexico Washington DC, New York, Boston, San Diego

London, Brussels, Amsterdam, Copenhagen, Stockholm, Helsinki, St. Petersburg, Tallinn,

Western Europe Riga
Mediterranean & Black Seas Venice, Istanbul, Odessa
Red Sea & India Baghdad, Doha, Dubai, Karachi, Mumbai (Bombay), Kolkata (Calcutta)
Southeast Asia ggflﬁi,n\}(la&gt(}),n (Rangoon), Bangkok, Kuala Lumpur, Jakarta, Singapore, Phnom Penh, Ho
East Asia Manila, Hong Kong, Shanghai, Beijing, Seoul, Tokyo
South America Lima, Asuncion, Montevideo, Rio de Janeiro
Africa Dakar, Freetown Monrovia, Lagos, Luanda, Maputo, Dar es Salaam
Australia & New Zealand Perth, Adelaide, Melbourne, Sydney, Brisbane, Auckland, Wellington

century shown in Figure 3.

For the Reference case, S, following the decrease of E, to about 6 Gt CO,/year, is nearly equal to E ,
hence, the post-phase-down Ey is nearly zero. For the Fair Plan, E, is zero after 2100; hence S, thereafter
causes the post-phase-down Ey to be negative. But for the 80/50 Plan, S, following the decrease of E, to
about 9 Gt CO,/year is smaller than £, with the result that the post-phase-down Ey is about 4 Gt CO,/year.
This is caused, in part, by the smallness of the biological sink, S, . From this it appears that the rapid phase-out
period for the 80/50 Plan is just too fast for the natural CO, sinks to keep pace with the post-phase-down £ .
Thus it would be interesting to examine how the result for the 80/50 Plan would change if the phase-down pe-
riod were increased from 30 years (2020 to 2050) to a longer period, and/or if the post-phase-down E, were
decreased to below 9 Gt CO,/year. But the Fair Plan does exactly this, as it was designed to do, namely increase
the phase-down period to its longest possible value consistent with Objectives 1 and 2 of Section 1.2—thus
yielding 80 years (2020 to 2100)—and the post-phase-down E, to zero.

3. Global Warming

We have used the CICERO emission-to-concentration model [14] to calculate the concentrations of the long-
lived greenhouse gases from their emissions. The radiative-forcing factors considered herein are shown in Table
2. We have used our engineering climate model [15] to calculate the change in global-mean near-surface air
temperature (Global Warming) for the Reference case, the Fair Plan to Safeguard Earth’s Climate and the 80/50
Plan, each for the four climate sensitivities-the equilibrium GW for a doubling of the pre-industrial CO, concen-
tration, AT, -that we obtained in our 2012 Causes paper [16], one for each of the four observational tempera-
ture datasets: 1) the Hadley Centre/Climate Research Unit, A7, =1.61°C;2) NOAA, AT, =1.99 °C; 3) NASA,
AT, =1.45°C; 4) the Japanese Meteorological Agency (JMA), AT, =2.01°C. The expected value of the GW
is taken as the arithmetic average of the GW for these four climate sensitivities.

Figure 6 presents the historical GW (black line) and the expected GW for the Reference case (red line), the
Fair Plan to Safeguard Earth’s Climate (green line), and the 80/50 Plan (Blue line). The UNFCCC limit of 2°C
(3.6°F) “to prevent dangerous anthropogenic interference with the climate system” is shown by the dashed
brown line.

The GW for the Reference case increases to 5.2°C (9.4°F) in 2225 and remains within 0.1°C (0.2°F) thereof
throughout the remainder of the millennium, that is, for almost 40 human generations. With this level of GW it
is likely that all ice on Earth would melt, thereby raising sea level 73 meters (240 feet) (Figure 4) and inundat-
ing many of the World’s cities (Table 1).

The GW for the Fair Plan peaks at 2.04°C (3.7°F) in 2082, just above the 2°C (3.6°F) UNFCCC limit, and de-
creases throughout the remainder of the millennium to 0.9°C (1.6°F) in year 3000.

The GW for the 80/50 Plan decreases from 1.45°C (2.61°F) in 2048 to 1.31°C (2.36°F) in 2087, and increases
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Table 2. Radiative-forcing factors.

Greenhouse Gases Aerosols Other

CO,, CH4, N,O, CFC11, CFC12, CFC113, CFC114, CFC115, CCly,
CH;CCl;, HCFC22, HCFC141b, HCFC123, HCFC124, HCFC142b,

HCFC225ca, HCFC225¢b, HCFC134a, HCFC125, HCFC152a, CF,, S(z;’ Zﬁgi;ﬁgﬁgn Vs()?iz;g;:dggzeugz‘gznzS
C,Fs, SFq, H1211, H1301, H2402, CH;Br, HFC23, HFC143a, HFC32, & ’ &
HFC227, HFC245, CgF 4, Tropospheric Os
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Figure 6. The change in global-mean near-surface temperature from 1765 (Global Warming) from 1765 to 3000: Historical
(black line), Reference case (red line), Fair Plan to Safeguard Earth’s Climate (green line), and the 80/50 Plan (blue line).
The UN Framework Convention on Climate Change (UNFCCC) limit of 2°C is shown by the dashed brown line.

thereafter. This decrease in the GW is due to 1) the rapid decrease in methane emission from 2020 to 2050
(Figure 7(a)), 2) the 8.7 £ 1.3 year lifetime of methane in the Earth’s atmosphere [17] (page 541), both of which
cause a rapid decrease in the methane concentration (Figure 7(b)), and 3) methane’s high global-warming po-
tential-72 on a 20-year timescale [17] (Table 2.14, p. 212). The GW for the 80/50 Plan exceeds that for the Fair
Plan beginning in 2230, exceeds the UNFCCC 2°C (3.6°F) GW limit in 2596, and rises to 2.7°C (4.8°F) in year
3000.

4. Conclusion

To our knowledge, the GW of the 80/50 Plan has not previously been examined beyond the 21st century. Here,
we have examined this for the “What If” scenario that the 80/50 GHG emissions are continued beyond the 21st
century at their values in 2100. We find that in this case the GW of the 80/50 Plan bottoms out in 2087 and rises
thereafter, eventually crossing the declining GW of the Fair Plan in 2230. The putative GHGs emissions of the
80/50 Plan cause its GW to exceed the UNFCCC GW limit of 2°C (3.6°F) in 2596 and reach 2.7°C in 3000. Of
course, reducing its post-2100 GHG emissions to below their 2100 values can change this GW behavior of the
80/50 Plan. But the lower the emissions of this post-2100 GHG are, the closer the 80/50 Plan approaches the
Fair Plan. Moreover, GHG emissions need not be reduced by 80% during the 30-year period (2020 to 2050) to
keep GW below the UNFCCC limit of 2°C (3.6°F). This can be achieved much more slowly by adopting the Fair
Plan rather than the 80/50 Plan, as the Fair Plan is designed to phase out GHG emissions over the longest possi-
ble time period in the 21st century, consistent with not exceeding the UNFCCC limit. Of course, if humanity
wants to reduce GHG emissions more rapidly than necessary to not exceed the UNFCCC limit, then so be it. But it
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Figure 7. CH4 emission (panel (a)) and concentration (panel (b)) from 1750 through
3000: Historical (black line), Reference case (red line), Fair Plan to Safeguard Earth’s
Climate (green line), and the 80/50 Plan (blue line).

is likely that doing so will be more costly and more disruptive of society than achieving this objective by the
Fair Plan. It is humanity’s choice of how to safeguard Earth’s climate: the 80/50 Plan or the Fair Plan.
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