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Editorial

After the launch of the first volume journal in August 2021 we got several good articles
to publish in the second volume. Many of us worked really hard to finish this volume at
the end of the year. In fact, we had decided that each volume should be between 100 and
150 pages, and we had an overflow which could be published in volume 2.1.

Due to a heavy workload the previous editor was not able to finish the job. I was
assigned editor Oct 24, 2022, with the task of finishing the editing of the Journal and
move all the articles to a new website with Open Access. I have received good web
expertise from the Norwegian Climate Realists, so the job should be done in a few weeks.
This is the first of 4 volumes we have articles for.

Most of the articles in this volume discuss the question what controls the amount
of CO; in our atmosphere. Is it from natural sources or the use of fossil fuel? And how
much is from anthropogenic sources? In the review process I invited IPCC experts on the
carbon cycle. To busy. I also asked the responsible for the Bern model to review the Ed
Berry paper. They never answered.

As gift from the cradle of science we publish a paper by Christopher Moncton of
Brenchley: The application of Classical simplicity to present-day mathematical problems.
He shows that not only mathematical problems, but problems related to climate change
and COVID can be easily solved by classical simplicity.

Good reading

Jan-Erik Solheim
Editor

The Editorial Board consists of Stein Storlie Bergsmark, Ole Henrik Ellestad, Martin
Hovland, Ole Humlum and Olav Martin Kvalheim.

The articles are first published here: www.scienceofclimatechange.org
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Control of Atmospheric CO: Part I:
Relation of Carbon 14 to the Removal of CO;

Murry Salby', Hermann Harde’

'Ex Macquarie University, Sydney, Australia
’Helmut-Schmidt-University, Hamburg, Germany

Abstract

An in-depth analysis is performed on the record of atmospheric '“CO,, an isotopic tracer of CO»
that was perturbed by nuclear testing. In addition to long-term behaviour, we examine short-
term changes that have been largely ignored. It pays to look closely. Those changes reveal the
underlying mechanisms responsible for the observed decline of atmospheric '*CO, and, thereby,
for removal of overall CO,. They represent effective absorption that is considerably faster than
appears in the average decline of '*COs, initially and then later in its long-term decline. The
average decline of "*CO; is slowed initially by periodic re-enrichment from the stratosphere,
which offsets direct absorption at the Earth’s surface. Eventually, however, its decline is slowed
by re-emission of absorbed 14CO0, from the Earth’s surface, which likewise offsets direct absorp-
tion. With CO, absorption revealed by the record of nuclear-perturbed *C, fundamental princi-
ples are then shown to reproduce the observed evolution of '*CO,, on long as well as short time
scales. Applying the same considerations to anthropogenic emission of CO; recovers effective
absorption that is an order of magnitude faster than operates on '*CO,. The difference follows
from magnified disequilibrium between the atmosphere and the Earth’s surface, a state which,
unlike for perturbed '*CO,, is maintained by continuous anthropogenic emission. Supported by
fundamental principles, the observed behavior of '“CO, provides an upper bound on the anthro-
pogenic perturbation of atmospheric CO». It represents only a few percent of the observed in-
crease.

Keywords: Carbon cycle; carbon 14 decay; CO- absorption time.
Submitted 2021-09-10, Accepted 2021-10-24. https://doi.org/10.53234/SCC202112/30

1. Introduction

Carbon in the atmosphere is represented almost entirely by CO,, with methane being a distant
second. Its observed evolution, inclusive of its annual cycle, has recently been reproduced in
numerical simulations (Harde and Salby 2021). In both, the abundance of atmospheric CO; is
controlled by a competition between two opposing influences: Introduction of CO,, through
emission at the Earth’s surface, and removal of CO,, through absorption at the Earth’s surface.
This competition governs time-mean CO;, which is determined by mean emission and absorp-
tion. It also governs changes of CO», which follow from perturbations to mean emission and
absorption.

In each of these components of CO, behavior, absorption figures centrally. By opposing emis-
sion, absorption determines if and how fast CO, grows, as well as the magnitude of its perturba-
tion, for example, by anthropogenic emission. Yet, actual observations of CO; absorption are
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scarce. Observations of global absorption, the property which regulates the overall abundance of
COs,, are nonexistent. The impact of global absorption on atmospheric CO,, however, is repre-
sented in carbon 14, an isotope of atmospheric carbon that has been observed in the troposphere
since the 1950s (CDIAC 2017).

Atmospheric CO; is comprised chiefly of the stable isotope, carbon 12. A minute fraction of
CO; molecules, however, is comprised of the meta-stable isotope carbon 14, which has a radio-
active half life of 5730 years. On time scales of relevance, the operation of *CO; is virtually
identical to that of the preponderance of carbon dioxide molecules, 2C0.. Dynamical, chemical,
and thermodynamic processes acting on those two isotopes of CO; (including those in the bio-
sphere) are, for practical considerations, indistinguishable.

This feature makes carbon 14 a tracer of atmospheric CO,. Once CO:; is introduced into the
atmosphere, whatever influence is experienced by one isotope is experienced by the other. Ow-
ing to this property and its artificial enrichment by nuclear testing, '*C is central to estimates of
CO, absorption, which vary widely'. Absorption, in turn, is essential to understanding changes
of atmospheric CO,.

Among the properties that have been applied to infer absorption of atmospheric CO,, *CO; is
unique. It is the only property whose observation not only represents CO; directly but represents
it in the atmosphere. Accordingly, atmospheric '*CO, provides an unrivalled means through
which to understand key mechanisms underpinning the evolution of atmospheric COs.

During the 1950s and early 1960s, atmospheric testing of nuclear devices sharply enriched "*C
in the stratosphere. Through the atmospheric circulation, '“C-enriched air in the stratosphere
was subsequently transferred into the troposphere. By 1963, when the Nuclear Test Ban Treaty
(NTBT) was implemented, tropospheric '*C had increased by nearly 100%. The NTBT virtually
eliminated the anomalous nuclear source of '*C, leaving its perturbation of '“C to decline
through absorption and overall "*C to return to its unperturbed equilibrium abundance. Repre-
sented in the decline of '*C is the removal of all CO,, through its absorption at the Earth’s sur-
face.

Here, we perform an in-depth analysis on the record of atmospheric "“C, to better understand
how CO; is removed from the atmosphere. In addition to long-term behavior, we examine short-
term changes that have been largely ignored. Those changes reveal the underlying mechanisms
responsible for the observed evolution of “CO0, and, thereby, for removal of overall CO,. Fun-
damental principles, jointly with CO, absorption revealed by the record of perturbed '*C, are
then shown to reproduce the observed evolution of '*C. Applying the same considerations to
anthropogenic emission recovers the effective rate at which anthropogenic CO; is removed from
the atmosphere. Together with fundamental principles, it provides an upper bound on the an-
thropogenic perturbation of atmospheric COs.

2. Observed Evolution

2.1 Records of Atmospheric Carbon 14

Atmospheric '*C was observed through surface measurements. There are two long continuous
records: one in the Northern Hemisphere (NH) and one in the Southern Hemisphere (SH). Both
are archived (CDIAC 2017). The record from Vermunt Austria (Fig. 1a: Magenta) evidences a
pronounced increase shortly before the NTBT in 1963. It is followed by a long-term decline that
continued to the end of the Vermunt record in 1983. The record from Wellington New Zealand
(Aqua) also evidences the pronounced increase, but mitigated and lagged from the NH increase
by 1-2 years. By 1970, '“C in the SH converged to '*C in the NH. Both then underwent a long-

! An overview is presented in Segalstad (1998) and, more recently, in Harde and Salby (2021).
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term decline that continued to the end of the Wellington record in 1993.

The records in Fig. 1a are of anomalous carbon 14, A'C, in percent. A'C describes the frac-
tional deviation of '“C from a reference concentration, further normalized by the concentration
of 12C (see, e.g., Levin et al. 2010; Stenstrom et al. 2011). In practice, however, the definition of
A"C varies widely, depending upon the choice of reference concentration (ibid). Further com-
plicating A'C is its normalization by '*C, which increased during the modern era.
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Figure 1: (a) Anomalous carbon 14, A**C, in percent observed at Vermunt Austria (Magenta) and
at Wellington NZ (Aqua), along with anomalous carbon 14 mixing ratio (normalized), Ana, in per-
cent at Vermunt (Red) and Wellington (Blue). (b) As in (a) for anomalous carbon 14 mixing ratio,
along with those records low pass filtered to periods longer than 5 yrs. Superimposed is a pure
exponential decline corresponding to an absorption time of 9.5 yrs (Black).

The property relevant to absorption of atmospheric "*C is its volume mixing ratio, 714, which is
equivalent to the molar fraction of '*CO; to overall air molecules. Unlike A"C, r14 is conserved:
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Its value is preserved in individual bodies of air. 714 changes only through emission and absorp-

tion at the Earth’s surface. It follows from A'*C by removing the normalization with respect to
12
C.

Plotted in Fig. 2 is the increase of '*CO, mixing ratio in ppmv, 7 = 1, (Green), exclusive of its
mean annual cycle. Observed at Mauna Loa (CDIAC 2017), r closely tracks an exponential
evolution,

Ar =43-(e"" 1), (1.1)
which is superimposed (Black). The fractional change of '*C mixing ratio then becomes
A (A™C+100)—— - 100, (1.2)
114(0) r(0)

where 7(0) and r14(0) are values at the onset of Mauna Loa measurements in 1959 and 7/1(0)
compensates for the normalization of '*CO, by '*C.
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Figure 2: Increase of CO: mixing ratio in ppmv observed at Mauna Loa (Green), exclusive of its
annual cycle, along with pure exponential increase (Black).

Superimposed in Fig. 1a is the percentage change of '*C mixing ratio, in the records from Ver-
munt (Red) and Wellington (Blue). 714 evolves similar to A*C, but declines more gradually. It
also approaches a new equilibrium level, about 25% higher than that adopted before the era of
nuclear testing. The higher equilibrium level is well accounted for by an observed increase of
neutron activity in the stratosphere, which provides the natural source of "*C (Harde and Salby
2021).

Notice that, at Vermunt (where the nuclear surge was most evident), 714 declines steeply in the
first half dozen years following the NTBT. Decreasing towards the local equilibrium at
14.1%/yr (dotted), the steep decline corresponds to an effective absorption rate of cerr = (5-10
yrs)". After a distinct bend in the record around 1970, r14 thereafter declines slower. At 8.2%/yr,
the decline then corresponds to an effective absorption rate of aesr = (10-20 yrs)'. This change
in '*C decline reflects a change in the underlying mechanics of CO, absorption, as will become
evident shortly.

Plotted in Fig. 1b is the long-term evolution of ri4 , which follows by low-pass filtering the raw
records (bold). The long-term decline at Vermunt (Red), as well as at Wellington after the rec-
ords have converged (Blue), closely track an exponential decline towards the new equilibrium
level:
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Arn,
14(0)

_ —0.105-(t—y)
=25.5+(90-25.5)e o , ?)

which is superimposed (Black). The nearly-exponential decline which prevails then reflects an
effective absorption rate of aer=0.105 yrs™ and an absorption time of ~9.5 yrs.

2.2 Effective Absorption

As the mixing ratio of '*C is conserved, its perturbation from local equilibrium, r,» satisfies the
conservation law

dry,

dt

where E£7,is the perturbing emission and a.f is the effective rate at which 1C is absorbed from

the atmosphere - both at the Earth’s surface. Implicit in . is re-emission of carbon from the

Earth’s surface, after it has been removed through direct absorption. By offsetting absorption,
re-emission reduces . from the rate of direct absorption, c.

=E{, —au Hy 3)

After implementation of the NTBT, the nuclear perturbation in emission was mostly eliminated.
The perturbing source of '“C then vanished. With E!,= 0, the effective absorption rate then

follows from the conservation law:
_Ldy,

Ky dt

Ay = “4)
Plotted in Fig. 3 is the effective absorption rate inherent to the long-term decline in Fig. 1b,
which prevails after the steeper decline during the first half dozen years. Superimposed is the
effective absorption rate implicit in the pure exponential decline (Black), which is nearly con-
stant: @ = 0.105 yrs~'. At Vermunt (Red), the absorption rate varies gradually about a mean of
(&) = ~ 0.12 yrs™!, corresponding to an average absorption time of ~ 8 yrs. From early in the
Vermunt record, absorption gradually accelerates, eventually slowing after 1980, shortly before
the end of the Vermunt record. A similar variation is evident in the absorption rate inherent to
the Wellington record (Blue), but slightly reduced and lagged with respect to the Vermunt rec-
ord. At both sites, effective absorption is consistent with that of the nearly-exponential decline
obeyed by r14 (Fig 1b: Black).
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Figure 3: Effective absorption rate evaluated from the low-pass filtered record of *C at Vermunt
(Red) and at Wellington (Blue). Superimposed is the absorption rate evaluated in the same manner
from the pure exponential in Fig. 1b (Black).

3. Detailed Analysis of Absorption

The key to understanding '*C and its relationship to absorption of CO, is what is often discard-
ed: short-term fluctuations that punctuate initial years of the "*C record (Fig. 1a). Usually fil-
tered out, those fluctuations appear annually, reflecting dynamics of the seasonal cycle.

Close inspection of the initial years (Fig. 4) reveals that each annual perturbation is comprised
of an abrupt increase, almost a step enrichment of '*C, followed by sharp decline.
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Figure 4: Anomalous '*C mixing ratio observed at Vermunt during initial years afier the Nuclear
Test Ban Treaty (Red), along with the mean decline (dotted). Superimposed is exponential decline
following each annual re-enrichment from the stratosphere (Blue).

The annual enrichments of tropospheric 'C reflect the Brewer-Dobson circulation (BDC) of the
stratosphere, a gradual overturning of air between the equator and poles (see, for example, Hol-
ton 2004; Salby 2012). This stratospheric circulation is coupled to the troposphere through ex-
changes of air: downward transport over the poles, compensated over the equator by upward

transport. The BDC is strongest in the winter hemisphere, especially during boreal winter. It
intensifies each year during late winter and spring.’

The intensified BDC transports "*C-rich stratospheric air downward into the Arctic troposphere.
Compensating it in the tropics is upward transport into stratosphere of '*C-lean tropospheric air.
Through annual injections of stratospheric air, the initial decline of tropospheric '*C after 1963
was interrupted (Fig. 4) - temporarily reversed by successive re-enrichments from the strato-
sphere. Offsetting absorption of '“C, those re-enrichments had the effect of turning back the
clock on absorption - by repeatedly re-enriching tropospheric '*C. Simultaneously, the compen-
sating upward flow of tropospheric air acted to dilute '*C in the stratosphere.

2 The BDC intensifies during stratospheric warmings. Forced by planetary waves, stratospheric warmings

develop sporadically during winter and each year during late winter and spring in the stratospheric final
warming.
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Each step in enrichment lasted just a couple of months. After each, tropospheric '*C declined,
with the rate of decline gradually weakening in successive years. The declines following annual
re-enrichments track exponential declines - but with absorption rates of (0.5 - 2.0 yrs) ', super-
imposed in Fig. 4 (Blue). Unopposed by stratospheric re-enrichment, the exponential declines
then reveal the actual absorption of '*C. Absorption during those intervals was an order of mag-
nitude faster than is reflected in the average decline in Fig la (dotted), as well as the long-term
decline that prevails later.

Each sharp decline persists for half a year, until being interrupted by re-enrichment during the
next annual cycle. This duration is much longer than the time for anomalous '*C to be dispersed
and diluted over the Northern Hemisphere - which is accomplished in only a couple of weeks.
Mixing of 'C is illustrated by the global distribution of water vapor, which experiences the
same large-scale dispersion and can be animated from satellite observations:
https://tinyurl.com/H20-Animation. Anomalous H,O is seen to be dispersed hemispherically in
a matter of only days. The sharp declines following annual enrichments of “C (Fig. 4) persist
much longer, reflecting its absorption at the Earth’s surface.

The rapid removal of *C early in the record is borne out in the instantaneous absorption rate
during intervals immediately following the stratospheric enrichments (Fig. 5). Following the
first injection of stratospheric air, the effective absorption rate (4) approaches 3.0 yrs'. Corre-
sponding to an absorption time of only months, the rapid removal of '*C then occurs when re-
emission of perturbation carbon that has been absorbed at the Earth’s surface is still weak. The
rate of effective absorption, cs, is then closest to the rate of direct absorption, «. Following
subsequent enrichments, e swings between 1.0 yrs™! (an absorption time of 1 yr) and a < 0.25
yrs ' (absorption times longer than 4 yrs).

30

25

20

05 |

o0 *e

1963 1964 1965 1966 1967 1068 1969
Year

Figure 5: Instantaneous absorption rate following annual re-enrichments from the stratosphere.

Notice: While absorption develops after each annual re-enrichment, the pace of absorption gra-
dually slows. After half a dozen re-enrichments, peak s in Fig. 5 has declined from almost 3.0
yrs! to slower than 0.5 yrs™'. The slowing of effective absorption reflects an increasing role of
re-emission of absorbed carbon, which offsets its direct absorption.

Injections of '*C-rich stratospheric air and compensating returns of '“C-lean tropospheric air
gradually weakened the contrast of '*C between the stratosphere and troposphere. After half a
dozen such exchanges, the contrast was weakened sufficiently for subsequent annual re-enrich-
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ments to sink into the interannual noise (Fig. 1). Thereafter, '*C declined without interruption.

Following the distinct bend in the average decline of "*C (Fig. 1a), the absorption time became
distinctly longer, 10-20 yrs. This slowing of absorption reflects the intensification of the second
opposing influence: re-emission from the Earth’s surface. Of anomalous '*C that was absorbed
at the Earth’s surface, not all of it remained there. A fraction of absorbed '“C was re-emitted
back into the atmosphere. The reversed transfer offsets direct absorption of '“C, slowing its net
or effective absorption.

4. Theoretical Treatment of Absorption

To develop a comprehensive treatment of carbon transfer, evaluations of CO, absorption have
relied upon estimates of carbon reservoirs at and beneath the Earth’s surface (e.g., IPCC 2013).
Extraneous to the atmosphere, those global carbon abundances are grossly under-observed and,
hence, largely guesswork. Transfers between them are even more uncertain. Such uncertainty is
averted here by focusing upon perturbations that originate in the atmosphere, where carbon is
well observed. Their evolution can be evaluated through interaction with the Earth’s surface,
which observed behavior shows is determined autonomously by the atmosphere (Harde and
Salby 2021). The system governing atmospheric perturbations is then free of arbitrary parame-
ters associated with extraneous carbon reservoirs, which are largely unknown.

To understand the mechanics behind the observed evolution of '*C, we consider the response to
impulsive emission in a 3-volume system: a stratosphere, a troposphere, and a surface layer that
is characteristic of the ocean mixed layer and the uppermost layer of land, surface layers that
exchange carbon with the troposphere (Fig. 6).

Perturbing Source
of C14: °

T

Surface Layer

Figure 6: Three-volume system which follows from the 3-dimensional continuity equation that gov-
erns atmospheric carbon, comprised of a stratosphere, a troposphere, and a surface layer charac-
teristic of the ocean mixed layer and uppermost layer of land, with mixing ratios, respectively, ts,
17, and ts.

The respective mixing ratios of YC are rg, rr, and rs, where r here is understood to refer to *C.
The 3-volume system follows rigorously by integrating the 3D continuity equation, the basis of
the conservation law (3), over the individual volumes. The resulting discrete system provides a
realistic description of mean CO> in those subsystems and exchanges between them - because of
the disparate time scales of transport in the individual volumes. In the troposphere, CO; is ho-
mogenized hemispherically in only a couple of weeks (Sec. 3). In the stratosphere and surface
layer, the same transport operates on time scales that are two orders of magnitude longer. Rela-
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tive to those time scales, CO; in the troposphere (at least in an individual hemisphere) may
therefore be regarded as adjusting uniformly and instantly to its supply from the stratosphere and
removal by the surface layer.

The three volumes interact through transfers of carbon. In addition to exchanging carbon with
the troposphere, the surface layer loses carbon through transfer to depths sufficiently great for
carbon to be sequestered from the troposphere. In ocean, this corresponds to entrainment from
the mixed layer into the deep ocean, where transport operates on the time scale of centuries to
millennia. In land, it corresponds to percolation to depths greater than a few tens of cm, where
CO; is no longer emitted through soil respiration (e.g., Fang and Montcrief 2005; Maier et al.
2020).

Consider now an incremental transfer of carbon mass dm; from the stratosphere to the tropo-

sphere:
dms = —dm, - ®)

The induced change of tropospheric mixing ratio is

C C
dr, = 3 _dms, (6.1)
mT mT
— _ mStdrSt (62)
mT
L, (6.3)

St

where mr and ms are the total masses of the troposphere and stratosphere, respectively,

and S, = (6.4)
Mg,

is the ratio of tropospheric mass to stratospheric mass. Letting & dt denote the fractional de-
crease of stratospheric mixing ratio in time dt then gives

dr; :L§r5t dt, (7.1)
§St

where a decrease of '*C in the stratosphere (& > 0) is accompanied by an increase in the tropo-
sphere. Analogous treatment for an incremental transfer from the troposphere to the stratosphere
gives the respective change of stratospheric mixing ratio

dl"st = 5St KFT dta (72)
where x dt denotes the respective fractional decrease of tropospheric mixing ratio.

With (7), conservation of carbon mass in the stratosphere is expressed by

=—Cry +05 K1y ®)
Now, in equilibrium, rr = rscand dr, /dt = 0. Then (8) reduces to

5:5&]{. (91)

Since £ and x are constant, (9.1) must hold in general. The conservation law for stratospheric
14C (8) then becomes
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dr
dit =—04 kK (1, —17)- 9.2)
'C is seen to evolve according to its contrast between the stratosphere and troposphere, x serv-
ing as the exchange coefficient between the two volumes.

Proceeding along similar lines for transfers between the troposphere and surface layer leads to
the conservation laws governing carbon in all three volumes:

dr.
_St:_55tK(FSt_rT)+75t (10.1)

dt

dar.
j:_K(rT_FSt)_a(rT_rs)"'}/T (10.2)

dar.
—S=—Sga(rs—r)—nrs+ys» (10.3)

dt

where
5 _M (10.4)
mg

a serves as the exchange coefficient between the troposphere and surface layer, y, represent

emission in the individual volumes, and 7 is the rate at which carbon is lost through sequestra-
tion beneath the surface layer’.

Equations (10) express conservation of carbon in terms of mixing ratio, the relative abundance
of "C in the individual volumes. Multiplying across by the respective masses, as embodied in
(6.4) and (10.4), expresses conservation in terms of the absolute abundance of '*C in the indi-
vidual volumes. It can be shown that, absent internal sources and discharge into the sub-surface
volume, total '*C in the three volumes is conserved.

The conservation laws (10) represent fundamental constraints on carbon. These physical laws
govern total carbon, as well as perturbations introduced by anomalous emission. They form a
coupled system of 1st-order ordinary differential equations. For specified coefficients, the sys-
tem can be integrated through eigenanalysis. As representative, ds; = 10 corresponds to strato-
spheric mass above 100 mbar, s = 0.10 to a mixed layer depth of 100 m, = 6.0 yrs ' to a time
scale for direct absorption of months (Fig. 5), ¥ = 0.2 yrs™' to the time for transfer of strato-
spheric carbon to the troposphere of 5 yrs (Fig. 1a), and 7 = 0.105 yrs ' to the time scale of
sequestration beneath the surface layer of 9.5 yrs.

4.1 Absorption of Anomalous "*C

The governing system is now integrated with y, = y. = 7 = 0, from an initially unperturbed
troposphere and surface layer, r1(0) = rs(0) = 0, but from an initial stratospheric perturbation
(introduced by impulsive emission) of rs(0) = 2600%.* Displayed in Fig. 7 is the normalized
response of '*C in the stratosphere (Yellow). From its initial perturbation, s declines sharply.
Attending its decline is a sharp increase of '*C in the troposphere (Blue), as '*C is transferred
down from the stratosphere.

3 arepresents the rate of direct absorption - not to be confused with the rate of effective absorption, ar,
in (3).

4 Note: Because tropospheric mass is an order of magnitude greater than that of the stratosphere, the
minimum stratospheric perturbation that could increase tropospheric *C by 100% would be 1000%.
The presence of absorption requires it to be even greater.
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Figure 7: Normalized response of 1*C in the 3-volume system (Fig. 6) to impulsive emission in the
stratosphere: Response in the stratosphere (Yellow), in the troposphere (Blue), and in the surface
layer (Red). Superimposed is the pure exponential decline in Fig. 1b with an effective absorption
rate of defr = 0.105 yrs-1 (Green).

After attaining a maximum, 7t also declines sharply, with an effective absorption rate (4) of
e = (0.5 — 1.5 yrs) "', Following a distinct bend in its evolution, 7r then declines more gradual-
ly, with an effective absorption rate of cerr= (10 — 20 yrs) .

The distinct change of absorption time can be understood from “C in the surface layer, which is
superimposed in Fig. 7 (Red). As the surface layer absorbs “C, s increases at the expense of rr,
which decreases. Eventually, the two volumes approach equilibrium, with rs attaining a maxi-
mum nearly equal to 7r - at the bend in its evolution. Contrast between the troposphere and sur-
face layer, reflected in the separation of 7r and rs (arrows), has then become small. Under these
conditions, re-emission from the surface layer nearly cancels direct absorption from the tropo-
sphere. Net transfer of carbon between the volumes, represented by —a- (rr — rs) in (10.2), is
then limited. Thereafter, "*C in all three volumes decline in quasi-equilibrium with one another,
st , 1, and rs remaining comparable. For reference, also superimposed in Fig. 7 is the pure ex-
ponential decline in Fig. 1b, with an effective absorption rate of e = 0.105 yrs~' (Green). After
attaining quasi-equilibrium, '*C in all three volumes track the pure exponential decline.

Re-emission into the troposphere of absorbed "*C depends on '*C in the surface layer. Consider
the conservation law governing tropospheric '“C. After sufficient '*C in the stratosphere has
been transferred into the troposphere, those two volumes approach equilibrium, making x (vt - rs; )
<< ¢ (rr- rs). The balance (10.2) then reduces to

dr.
7; =—a(r —r)
——a(-p)-r, (1.1
= Qe Iy
where ay=a(-p) (11.2)

is recognized as the effective absorption rate, with
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p=ls (11.3)

I

representing the fractional re-emission: In (11.1), Brr is the fraction of "“C that is absorbed by
the surface layer which is re-emitted into the troposphere.

As is evident in Fig. 7, the bend in 7r marks when '*C in the surface layer has become compara-
ble to '*C in the troposphere. Fractional re-emission (11.3), plotted in Fig. 8 (Green), then ap-
proaches unity. Much of the direct absorption thereafter is offset by re-emission, which returns
to the troposphere the fraction f of '*C that was removed through absorption. Through this
offset, re-emission sharply slows the effective absorption rate (11.2), which is superimposed in
Fig. 8 (Purple). Although . is initially very fast, comparable to ¢, within as short as a year
after the peak in tropospheric '*C, re-emission from the surface layer has intensified, slowing
a.ir to only a fraction of the initial absorption rate (cf. Fig. 5). Following the bend in rr, ces

approaches a limiting value of ~0.1 yrs .

1.0

B ~0.9825
/3: Fractional Re-emission
0.5
ot

a.~ (9.5 yrs)”

0.0 1 ! !

0 5 10 15 20
t(yrs)

Figure 8: In the presence of impulsive emission in the stratosphere (Fig. 7): Fractional re-emission
of perturbed '*C from the surface layer (Green) and effective absorption rate (Purple).

The observed evolution in Fig. 1a follows, not from a single transfer from the stratosphere of
enriched “C, but from a succession of brief annual injections, when the BDC intensifies. Re-
stricting the stratospheric exchange coefficient & > 0 in (10) to late winter and spring serves as
a stratospheric valve, which throttles the transfer of '*C into the troposphere. Cycling the strato-
spheric valve annually leads to the evolution of tropospheric '“C plotted in Fig. 9 (solid). The
calculated evolution reproduces salient features of the observed evolution (Fig. 1a). A sharp
initial decline is interrupted by successive re-enrichments from the stratosphere. Each acts to
turn back the clock on the decline of tropospheric "“C - by (i) enriching rr, reversing its removal
through absorption and (i) driving the troposphere back out of equilibrium with the surface layer
(thereby reducing rs/rr = ), which weakens re-emission (Fig. 8) and, hence, its offset of direct
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Figure 9: Evolution of tropospheric *C(rr) calculated by cyclically restricting the stratospheric
exchange coefficient to late winter and spring (Solid). Superimposed is the evolution when ex-
change between the stratosphere and troposphere is not limited (Dashed).

absorption (11.2).°

Each annual re-enrichment in Fig. 9 magnifies of the disequilibrium between the troposphere
and surface. The effective absorption rate then increases sharply (Fig. 10). Successive en-
hancements of a.i, however, gradually weaken, as r14 at the surface incrementally approaches
714 in the troposphere. The latter, in turn, intensifies re-emission, which offsets direct absorption
of '*C. Similar evolution is evident in the observed record (Fig. 5), but in the presence of intra-
annual noise.

Jointly, the successive re-enrichments dramatically slow the initial decline of YC from what
would exist in the absence of those re-enrichments. The average decline in Fig. 9 during the
initial phase of the calculated evolution is 13.5%/yr. It corresponds to effective absorption of
err = (7.4 yrs)'; cf. Fig. 1a. After a bend in the evolution, '*C declines slower, at 8.2%/yr. Ef-
fective absorption has then slowed to only about half of the initial average rate: aer = (12.2
yrs) L.

The average decline should not be confused with direct absorption, which is much faster - faster
even than the initial average decline. Superimposed in Fig. 9 is the evolution that would occur
in the absence of re-enrichments (dashed). During its initial phase, which in the full evolution is
interrupted by successive re-enrichments, '*C declines at of 91.2%/yr. The steep decline then
corresponds to an effective absorption rate of aerr = (1.1 yrs) ™.

5 In relation to the sharp initial decline of observed *C (Figs 4 and 5), two features are noteworthy: (1)
Peak 7y is reached more than a year after the nuclear perturbation has begun to amplify in 1962 (Fig. 1a)
and, thus, induced re-emission back into the troposphere. (2) The stratosphere then is still enriched rela-
tive to the troposphere, as is evident from subsequent annual enrichments of the troposphere. The latter
invalidates the limiting decline (11), wherein transport from the stratosphere is neglected. Both features
(re-emission from the surface and continued enrichment from the stratosphere) offset direct absorption
of tropospheric “C. It follows that even the fastest observed rate of decline is but a lower bound on the
actual rate of direct absorption.

Science of Climate Change
190



M. Salby, H. Harde: Control of Atmospheric CO:z Part I

1.00 &

075 &

aeif(yrs')

0.25 s o

L
®
*e

s
*Cs000ed

0.00 . .
0 1 2 3 4 5

Year - 1963

Figure 10: Effective absorption rate associated with the evolution of r4 in Fig. 9, following smoo-
thing that discriminates to periods longer than half a year.

4.2 Absorption of Anthropogenic Carbon

The foregoing features apply to anomalous '“CO», which was emitted impulsively - only initial-
ly through nuclear testing. We turn now to anthropogenic CO,, which is emitted continuously.
The same 3-volume system is now perturbed by continuous emission in the troposphere, with rs;
(0)=7rr (0) =rs (0) =0 and y, = y = 0, but with ;. = 0.62-AEx which, with the increase of an-
thropogenic emission since 1960 (AEx= 3.5 ppmv/yr = 7.3 GtC/yr), gives forcing representative
of anthropogenic emission during its 20th-century increase.®

Under these conditions, rr increases monotonically (Fig. 11). Dragged along are rs: and rs,
but lagged behind »r. Anthropogenic CO, therefore increases steadily in all three volumes. In
each, however, CO» approaches a limiting value. That value corresponds to the equilibrium level
of CO,: for the troposphere, the value of »r wherein the rate at which CO; is removed through
absorption is exactly balanced by the rate at which it is introduced through emission.

In the stratosphere, CO, is neither emitted nor absorbed. Within about a decade, it comes into
equilibrium with the troposphere: rs; ~ rr . The surface layer, on the other hand, never does. In
the presence of continuous emission, s lags significantly behind 7r, maintaining the contrast
between the troposphere and surface layer (arrows); cf. Fig. 7. The exaggerated lag results from
the continuous re-supply of CO; in the troposphere. By enriching »t over rs , the latter continu-
ally restores the initial disequilibrium between the troposphere and the surface layer. Thereby,
the lag reduces fractional re-emission, plotted in Fig. 12 (Green), from what exists in the pres-
ence of impulsive emission (cf. Fig. 8). Since £ is reduced, direct absorption is offset less by re-
emission (11.2) - less than occurred in the presence of impulsive emission of '*C, which did not
continually re-supply »r. The effective absorption rate, superimposed in Fig. 12 (Purple), is
therefore faster than under the conditions of '*C (Fig. 8). An order of magnitude faster, cer now
approaches a limiting value of 0.90 yrs™'. It is noteworthy that, independently, strong coherence
between observed CO; and its thermally-induced component reveals a removal time of anthro-
pogenic CO; of order a year (Salby and Harde 2021).

¢ Note: Unlike rr, 8 and a. are independent of the magnitude of . (11).
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Figure 11: As in Fig. 7, but for continuous emission in the troposphere that is constant, representa-
tive of anthropogenic emission during the last half century (rro = AEa/avo; ao= 1.0 yrs™).

In the presence of anthropogenic emission, the counterpart of (11.1) is

dry
dt

where rt = ra denotes the anthropogenic perturbation of tropospheric CO,. Under conditions

of equilibrium, the left-hand side of (12) vanishes. The equilibrium level of anthropogenic CO»
is therefore:

=—0£effrA+EA’ (12)

E
ph=2a (13)
acff
{1.03 yrs)”!
or a .~ (1.11yrs)"
B ~0.850
0.838
f3: Fractional Re-emission
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Figure 12: As in Fig. 8, but for anthropogenic emission that is constant (Fig. 11): Fractional re-
emission from the surface layer (Green) and effective absorption rate (Purple). Superimposed is
the response for anthropogenic emission that increases at 5%/yr (Fig. 13):Fractional re-emission
from the surface layer (Red) and effective absorption rate (Blue).
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Emission prescribed in this integration is representative of mean anthropogenic emission over
the latter half of the 20th century: Ex = 2.2 ppmv/yr (4.6 GtC/yr). With aesr equal to its limiting
value (Fig. 12), this continuous perturbation to emission induces an equilibrium level of anthro-
pogenic CO; of ,Fa =~ 2.4 ppmv. The latter corresponds to the limiting perturbation of CO: to

which rr asymptotically approaches in Fig. 11. It represents only about 2% of the observed in-
crease of atmospheric CO, during the last century (~ 100 ppmv).

Finally, instead of constant anthropogenic emission, the 3-volume system is now integrated with
E4 increasing at 5%/yr, representative of the recorded increase. As shown in Fig. 13, s, rr, and
rs again increase monotonically. However, with Ea steadily increasing, they no longer approach
a limiting value - because quasi equilibrium is never achieved (cf. Fig. 11). Instead, the equilib-
rium level of CO,, to which the mixing ratios gravitate, slowly drifts higher, mirroring the up-
ward drift of Ea.

2.0
- [
Fro
1.0 |
I's
L Irg
0.0 L 1 1 1 1 1 1
0 10 20 30 40

t(yrs)

Figure 13: As in Fig. 11, but for anthropogenic emission that increases at 5%/yr.

Despite this difference, the salient features of re-emission and its influence on effective absorp-
tion that operate in the presence of Ea = const also operate here. Remaining is the separation
between rr and rs (arrows), which measures the disequilibrium between the troposphere and
surface layer. Consequently, fractional re-emission from the surface layer, which is superim-
posed in Fig. 12 (Red), remains weak. In fact, £ is even weaker than it is in the presence of con-
stant anthropogenic emission (Green). So too then is its offset of direct absorption in a.sr, which
is also superimposed in Fig. 12 (Blue). Consequently, effective absorption is now even faster
than it is in the presence of constant anthropogenic emission (Purple), approaching a limiting

value of arefr=0.97 yrs .

It is noteworthy that the two evolutions considered, the nuclear perturbation of '*C in Fig. 8 and
the anthropogenic perturbation of CO, in Fig. 12, follow from the same 3-volume system. What
differs between the integrations is how the system is perturbed. For perturbing emission that is
impulsive, as applies to nuclear emission of '*C, the separation (lag) between rr and s in Fig. 7
narrows, eventually becoming small. The troposphere and surface layer then lapse into quasi
equilibrium, with fractional re-emission (£ = r1/rs) approaching unity (Fig. 8). In that limiting
state, direct absorption experiences a large offset, sharply reducing effective absorption (11.2).

For perturbing emission that is continuous, as applies to anthropogenic emission of CO,, this
limiting state is never achieved. Continuous emission may be regarded as a succession of puls-
es, analogous to successive re-enrichments of '“C from the stratosphere (Figs 7, 8). An individ-
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ual pulse of emission in the troposphere introduces an incremental increase of rr. Before that
perturbation of tropospheric CO; can evolve beyond the preliminary regime of disequilibrium
(when rr and rs in Fig. 7 are widely separated), its approach to quasi equilibrium is interrupted
by the next pulse in emission. The incremental increase of rr it introduces again widens the
separation between rr and 7s, driving the troposphere back out of equilibrium with the surface
layer. Thereby, the successor pulse reverses the intensification of fractional re-emission (Fig. 8),
along with its offset of direct absorption (11.2). In Fig. 7, this corresponds to the instantaneous
separation between rr and rs (arrows) being driven backward, from right to left, restoring the
contrast between the troposphere and the surface layer. The restored contrast limits fractional re-
emission and its offset of direct absorption that would otherwise weaken effective absorption
(Fig. 8). By maintaining the separation of rr and rs (Fig. 11), continuous emission in the tropo-
sphere prevents £ from approaching unity, leaving . fast (Fig. 12).

S. Implications

Effective absorption of atmospheric CO, depends upon its re-emission from the Earth’s surface,
which offsets direct absorption. This dependence distinguishes the absorption of '*CO,, which
was perturbed impulsively by nuclear testing, from the absorption of anthropogenic CO», which
is perturbed continuously by fossil fuel emission. Unlike impulsive emission of '“CO,, continu-
ous anthropogenic emission maintains the disequilibrium between the atmosphere and the
Earth’s surface. Thereby, it inhibits the offset of direct absorption by re-emission from the
Earth’s surface, resulting in faster effective absorption of anthropogenic CO,.

The evolution in Figs 8 and 12 also indicates that re-emission and, hence, its weakening of e
depend upon time scale. Fluctuations of emission operating on time scales of only a couple year
will introduce anomalous CO; that falls within the short-time regime in Fig. 12, before re-
emission can intensify and offset direct absorption. Such perturbations will therefore experience
effective absorption that is fast, comparable to direct absorption. On the other hand, emission
that varies slowly or is invariant will introduce anomalous CO, that falls within the long-time
regime in Fig. 12, when re-emission has intensified and offset direct absorption. Such perturba-
tions will therefore experience effective absorption that is slow, operating at only a fraction of
the pace of direct absorption.

In the presence of anthropogenic emission, the actual value of r4 can never exceed its instanta-
neous equilibrium level, rfq - because once the equilibrium level is reached, CO; is removed as
fast as it is introduced. For this reason, the equilibrium level represents a hard cap on accumula-
tion of CO» in the atmosphere: an upper bound on the anthropogenic perturbation. It gradually
drifts upward with increasing anthropogenic emission (13).

With a.r determined (Fig. 12), the instantaneous equilibrium level, r(¢), follows directly
from instantaneous anthropogenic emission, £a(#). Plotted in Fig. 14 is the increase in equilibri-
um level of anthropogenic CO; over the last half century (Magenta). It has an average of ~ 2
ppmv, close to the limiting level in Fig. 11 for constant emission representative of mean anthro-
pogenic emission during its 20th century increase.

The actual perturbation of CO» introduced by anthropogenic emission must lie beneath the equi-
librium level (shaded). Superimposed is the increase in observed CO, (Green). The anthropo-
genic perturbation of CO; can account for no more than a few percent of the observed increase.

From the IPCC’s own estimates of extraneous carbon reservoirs, the anthropogenic contribution
to increased CO; has been shown to be no more than 15% - 35% (Harde 2017; Harde 2019;
Berry 2019; Harde and Salby 2021), recognized earlier from the strong interdependence of tem-
perature and net CO» emission (Salby 2012). The present analysis does not rely upon such esti-
mates, which are largely ad hoc. It shows that the anthropogenic perturbation is even smaller.
This conclusion is confirmed in Part II of this two-part article, which demonstrates inde-
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pendently through observed behavior that (i) the removal time of anthropogenic COs is of order
only a year and consequently (ii) the anthropogenic perturbation can represent but a few percent
of increased CO,. Much the same has been inferred from the satellite record of OCO-2
(Segalstad, 2017).
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Figure 14: Increase of atmospheric CO: observed at Mauna Loa (Green). Superimposed is the

instantaneous equilibrium level of anthropogenic CO: (Magenta), along with the possible range of
the actual anthropogenic perturbation of CO: (Shaded).

The difference between the two curves in Fig. 14 represents the component of increased CO»
that does not follow from anthropogenic emission. Dominating the observed increase of CO», it
can only follow from changes of natural emission. That component has no relationship to nor
can it be controlled by anthropogenic emission.
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Abstract

Unlike much of the Earth, surface temperature in the tropics underwent a systematic and sus-
tained increase during the satellite era. Due to the temperature dependence of surface processes
which regulate CO, emission, that long-term change should exert a similar influence on atmos-
pheric CO,. We develop how this influence would manifest in the evolution of CO,. Observed
records are then used to investigate the interdependence of surface temperature and net CO,
emission - the component of emission that actually changes COx.

Thermally-induced emission, especially from tropical land surface, is found to represent much
of the observed evolution of net CO; emission. It accounts for sporadic intensifications of net
emission that operate on interannual time scales, notably, during episodes of El Nifio. Account-
ed for equally well is the long-term intensification of net emission during the last half century.
Jointly, these unsteady components of net emission determine the thermally-induced component
of anomalous CO;. It closely tracks the observed evolution of COs.

Keywords: Carbon cycle; carbon 14 decay; CO- absorption time; tropical temperature change.
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1. Introduction

In Part I of this two-pronged study (Salby and Harde 2021; hereafter SH1), the record of anoma-
lous carbon 14 revealed the effective absorption rate of atmospheric CO,, which is emitted and
absorbed at the Earth’s surface. Coupled with the conservation law governing CO,, the observed
absorption provided an upper bound on the anthropogenic perturbation of CO,. Only a couple of
percent of the observed increase, it is much too small for anthropogenic emission to be respon-
sible for the observed increase of atmospheric CO,. The same conclusion follows from recent
simulations of atmospheric carbon (Harde 2017 and 2019; Berry 2019; Harde and Salby 2021).

Here, we explore an important natural influence that likewise figures in the control of atmos-
pheric CO». Surface processes which regulate emission and absorption of CO, depend intrinsi-
cally upon temperature. Many, like soil respiration, increase exponentially with temperature,
typical of Arrhenius temperature dependence that operates in chemical reactions underpinning
surface processes (e.g., Lloyd and Taylor 1994). In Section 2, we investigate the observed varia-
tion of temperature in major regions of the globe. How this influence would manifest in the
observed record of CO; is developed in Section 3. Sections 4 and 5 then use observed records to
explore the interdependence of surface temperature and net emission of CO,, the component of
emission that changes CO» and thus determines anomalous CO». From observed records of trop-
ical surface temperature, we evaluate thermally-induced emission of CO,. It is then compared
against the observed evolution of COs.
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2. Changes of Temperature

Global temperature today is ~ 0.7 K warmer than it was half a century earlier. The most (argua-
bly the only) reliable record of global temperature is the operational satellite record from the
Microwave Sounding Unit (MSU) suite of instruments. Plotted in Fig. 1 (Blue) is the record
processed at the University of Alabama at Huntsville (Spencer et al. 2017). MSU is relatively
free of manipulation and inter-calibration error that limit the surface network, which is inherent-
ly heterogeneous (dense over continents but sparse-nonexistent over ocean) and contaminated
by urbanization surrounding measurement sites. By contrast, MSU retrieves temperature with
homogeneous and near-global sampling of the Earth. And, because MSU measures microwave
radiance, its temperature retrievals are unobstructed by cloud.
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Figure 1: Anomalous global-mean temperature from the MSU suite of satellite instruments, retrie-
ved by the University of Alabama at Huntsville (Blue). Omitting anomalous heating during two
years preceding the El Nifio of 1997 (1993.9 - 1995.9) and two years preceding the El Nifio of 2016
(2013.4 - 2015.7), which represent only 10% of the record, results in the slightly-perturbed record
that is superimposed (Red).

Although warmer today than at the start of the MSU record in 1979, global temperature has
undergone virtually no systematic change. Notice that, before 1993, temperature fluctuated
about a nearly constant mean. Much the same is apparent between 1996 and 2013. In fact, most
of the increased temperature between the beginning and end of the record was introduced by
just two brief intervals of sustained heating: one preceding the El Nifio of 1997 (1993.9 -
1995.9) and another preceding the El Nifio of 2016 (2013.4 - 2015.7). Those 4 years represent a
mere 10% of the MSU record. Yet, omitting heating then, superimposed in Fig. 1 (Red), com-
pletely eliminates the temperature increase between the beginning and end of the global temper-
ature record. The cumulative or net heating over the satellite era (which involves heating fluctua-
tions of opposite sign) therefore vanishes. In the record of surface measurements, which extends
back before the satellite era, much the same holds for the preceding 70 years (Salby 2018).

In the presence of systematic (e.g., ubiquitous) heating, as would follow the continuous increase
of CO, eliminating the temperature offset in this manner would be virtually impossible. It can
be shown that omitting a minor interval of heating would then result in only a minor reduction
of the net temperature increase - because heating during the remaining 90% of the satellite era
would still increase temperature. Yet, in the observed record, omitting heating during only 10%
of the satellite era completely eliminates the net increase of temperature. It is for this reason that
a trend ascribed to the warmer global temperature at the end of the record (which measures sys-
tematic warming during the satellite era) is not even close to being statistically significant (ibid).
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Although true of global temperature, the absence of systematic warming need not be the case
locally. Over the Arctic, MSU temperature does exhibit a gradual drift - but not consistently
(Fig. 2a). While CO» increased monotonically, MSU temperature over the Arctic reversed: from
weak cooling before 1993 to marginally-significant warming afterwards. How long before the
onset of MSU measurements the cooling drift existed is unclear. Equally unclear is whether or
not the warming drift has greater physical significance - viz. if, after sufficient time, it too will
reverse.

Clouding such issues are uncertainties inherent to microwave observations of the atmosphere.
Microwave retrievals are challenged by features that are prevalent over the Arctic. Central is
surface emissivity, which is unknown but essential in the retrieval of temperature from micro-
wave radiance - the property actually measured. Its role is especially important in the lowermost
channel of MSU, from which lower-tropospheric temperature is retrieved. Owing to its key role,
surface emissivity must be either presumed or modelled. The microwave emissivity of snow and
ice is large and highly variable (e.g., Wang et al. 2017). It differs according to weather condi-
tions, between ice and snow, even between new snow and old snow (Maslanic 2007; Rostosky
et al. 2020; Cui et al. 2020). Especially problematic is high-altitude surface, like Greenland.
There, unknown surface emissivity, which must be modelled, makes a disproportionate contri-
bution to retrieved temperature in the lower troposphere.

Such limitations are a major source of discrepancy with ground-based measurements (McNally
2007; Tomaso and Bormann 2012). Notable are discrepancies associated with the melting and
freezing of surface ice (Swanson 2003). A variety of approaches is being explored to address
these limitations. To varying degree, all fill the observational void with surface properties that
are modelled. Among them is estimating surface emissivity dynamically from weather forecasts
(Tomaso et al. 2015).

Some insight into the physical significance of temperature drift over the Arctic comes from
MSU temperature at midlatitudes. On long time scales, midlatitudes are largely free of snow
and ice and, therefore, of the magnified uncertainty surrounding surface emissivity. Plotted in
Fig. 2b is temperature at midlatitudes of the Northern Hemisphere. It exhibits little systematic
drift. Following a step associated with the 1997 El Nifio (cf. Fig. 1), temperature declined for
about a decade before increasing after 2010. During the preceding decade, midlatitude tempera-
ture decreased. Much the same is apparent at midlatitudes of the Southern Hemisphere (Fig. 2c¢).
There, warming after 2010 is largely offset by cooling during the preceding decade. Conse-
quently, the slightly warmer temperature at the end of the record relative to that at the beginning
derives chiefly from the brief interval of sustained heating before the El Nifio of 1997 (cf. Fig.
1). Over the Antarctic (Fig. 2d), even the decadal swings of warming and cooling are absent.
Devoid of ocean, the Antarctic exhibits no sustained change, not even on decadal time scales.

Figure 2 reveals that, over much of the Earth, surface temperature underwent no systematic
change during the four decades that it was observed by MSU. Exceptional is surface tempera-
ture in the tropics. Plotted in Fig. 3, anomalous tropical temperature (Blue) systematically in-
creased during the four decades observed by MSU. The sustained increase is mirrored in the
independent record of anomalous sea surface temperature (SSTA) from the Hadley Centre
(Kennedy et al. 2019), which is superimposed (Aqua). SSTA is offset to slightly-warmer tem-
perature because MSU represents temperature a couple of km above and therefore cooler than
the surface.

Nonetheless, the temperature of ocean (which comprises ~75% of the tropics) closely tracks
MSU temperature - on short as well as long time scales. The two independent records make it
clear that the tropics underwent systematic and sustained warming during the last half century,
at least back to the onset of MSU measurements.! Owing to the dependence on temperature of

! Notice: The temperature increase over the tropics as a whole (viz. in MSU) is greater than only over
ocean (in SSTA). Systematic warming of tropical land must therefore exceed that of tropical ocean.
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Figure 2: Anomalous temperature over (a) the Arctic (60N - 85N), (b) midlatitudes of the Northern
Hemisphere (20N - 60N), (c) midlatitudes of the Southern Hemisphere (20S - 60S), and (d) the Ant-
arctic (608 - 85S).
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physical and chemical processes that regulate CO, emission, CO, must have experienced a par-
allel influence.

15

Tropical Temperature Anomaly (K)
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Year
Figure 3: Anomalous temperature over the tropics (20S — 20N) observed by MSU, after being low-
pass filtered by a 6-month running mean (Blue). Superimposed is the counterpart record of Sea
Surface Temperature (Aqua).

3. Net Emission of CO;

The longest continuous record of atmospheric CO; is that of measurements at Mauna Loa, Ha-
waii (CDIAC 2017). Removed from continents and positioned in the middle troposphere, Mau-
na Loa CO; is the only surface record that is largely free of local distortion by neighboring
sources and sinks. For this reason, it approximates the global abundance of CO,, which, on time
scales longer than a month, is well mixed over the free troposphere. This feature is verified in
recent satellite observations of CO», which track Mauna Loa CO, (SCIAMACHY 2006).

The change of global CO, is determined by emission and absorption, but only indirectly. Be-
cause CO; changes through their imbalance, it is the small residual of those opposing influences
that forces changes of CO,. Transient adjustment of the isotopic tracer '*CO,, which was per-
turbed by nuclear testing, establishes that absorption of atmospheric CO; is directly proportional
to the instantaneous abundance of atmospheric CO, (Harde and Salby 2021). An empirical fact,
this fundamental feature is confirmed in independent simulations of CO» (ibid; SH1). The global
abundance of atmospheric CO; is therefore governed by the conservation law:

—=E—acff}’, (1)

net

where r is the global-mean mixing ratio of CO; (which, hereafter, is used synonymously with
"CO,"), E is its global-mean emission rate (the rate at which COs is introduced into the atmos-
phere), and . is its global-mean rate of effective absorption (the rate at which CO; is removed
from the atmosphere). The conservation law is used here to identify the components of emission
responsible for observed changes of CO, (defining "anomalous CO,"), as well as the respective
time lag. In (1), Ene represents net emission: the imbalance between global emission and ab-
sorption. It measures the disequilibrium between the atmosphere and the Earth’s surface, as
developed in SH1. Equal to the instantaneous rate of change of 7, En is the resultant of all con-
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tributions. It is what actually determines if and how CO; changes.

Net emission is a minor residual between total emission and absorption, which mostly cancel
one another. From the observed rate of CO, increase, Ene is of order 1-2 ppmv/yr (see, for ex-
ample, Fig. 9). Emission and absorption, individually, are much greater. Approximately in bal-
ance, they are reflected in the magnitude of absorption. With effective absorption of cerr= 0.1 —
1.0 yrs ' in (1) (see SH1; an historical overview of estimates can be found in Segalstadt 1996
and, more recently, in Harde and Salby 2021) and with » ~400 ppmv, emission and absorption
are one to two orders of magnitude greater than Ey... Therefore, global-mean atmospheric CO,
remains in a state of quasi equilibrium, wherein its emission in (1) is largely cancelled by its
absorption. Through the slight imbalance between emission and absorption, CO, mixing ratio
gradually drifts upward. Embodied in E,., the disequilibrium responsible for the long-term drift
of CO» is only a few percent of overall emission of CO».

Actual emission (£) is difficult to quantify because it is dominated by natural emission which,
on a global basis, is not observed. En, on the other hand - what actually forces changes of CO, -
is observed. In fact, En is observed as well as COs; itself. Through (1), net emission follows
directly from the observed record as the instantaneous rate of change of CO..
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Figure 4: Zero-mean annual cycle of (a) anomalous CO2 mixing ratio and (b) net CO2 emission.

Changes of CO; that operate on time scales longer than annual are isolated by removing the
zero-mean component of the mean annual cycle. Plotted in Fig. 4a, the zero mean annual cycle
follows by averaging r during individual months. From October, (#') increases by ~6 ppmv,
before reversing direction in May and then decreasing by ~6 ppmv. In Fig. 4b is the net emis-

Science of Climate Change 202



M. Salby, H. Harde: Control of Atmospheric CO:z Part II

sion responsible for this annual variation of CO; (1). Instantaneously, (E!, )reaches 10 - 20
ppmv/yr. It is positive during Austral spring and summer (October - April), when (") increases
each year. It is negative during Austral winter (May - September), when (') decreases each
year. The net change of CO; introduced, however, vanishes - because net emission associated
with this component of the annual cycle has zero mean. Consequently, removing the zero-mean

annual cycle from the record of » has no impact on secular (long-term) changes of CO».

What remains, including random changes of the annual cycle, operates on interannual and long-
er time scales. Plotted in Fig. 5a is Ene, low-pass filtered to periods longer than a year (Red).?
Net emission undergoes large interannual excursions - as large as 100% of the local mean. Con-
spicuous among them are strong intensifications of Eye: during the El Nifios of 1973, 1997, and
2016, when the tropical surface warmed abruptly.

Accompanying interannual excursions is a gradual intensification of net emission. From the on-
set of Mauna Loa measurements, E. intensified: from less than 1.0 ppmv/yr to more than 2.0
ppmv/yr. This systematic intensification of £ is responsible for the deviation from linearity in
the evolution of CO; (see, for example, Fig. 9). The intensification extends back through the
satellite era, beginning after the 1973 El Nifio. Before 1973, E. exhibits little systematic
change, back to the onset of Mauna Loa measurements in 1959. Comparison with Fig. 3 reveals
many of the same features in the record of tropical temperature during the overlapping period of
MSU measurements.

4. Interdependence with Tropical Temperature

Net CO» emission in Fig. 5a and tropical temperature in Fig. 3 are, in fact, strongly coherent.
Although present throughout the tropics, the strongest coherence is found over land. There, a-
nomalous MSU temperature, 71, and En have a correlation of 0.77. Resting on dozens of inde-
pendent degrees of freedom (reflected in the number of random fluctuations in the two records),
their correlation is significant at the 99.99% level. Hence, the strong correspondence between
E\: and tropical temperature that is evident in Figs 3 and 5a is not by chance. Nor is it limited to
interannual variability. Also evident in both records is a gradual but systematic increase.

The component of net CO; emission that operates coherently with tropical land temperature is
evaluated by projecting the record of Eye onto the record of 71 from MSU. Representing ther-
mally-induced emission, it is superimposed in Fig. 5a (Blue). En(71) closely tracks observed
net emission, En.. With a correlation of 0.80, their interdependence is highly significant. A cur-
sory manifestation of the strong interdependence in Fig. 5a was identified earlier, in relation to
global-mean temperature (Salby 2012).

Strong coupling of anomalous CO; to tropical temperature was previously noted by Humlum et
al. (2013). They observed further that anomalous CO; appeared originally in the tropics but then
advanced poleward into each hemisphere. Likewise noteworthy are recent satellite observations
from GOSAT and OCO-2. They have revealed that tropical landmasses are a net emitter of CO,
(Palmer et al. 2019). The magnified covariance between Ey.: and 71 evident in Fig. 5a, reflects a
modulation of CO, emission by changes of tropical land temperature. Tropical land temperature,
in turn, is largely imposed by surrounding ocean. In this manner, En.: would be perturbed most
by tropical land surface, but operate coherently with temperature throughout the tropics.

Net emission of COsz is seen to vary nearly in phase with temperature over tropical land.
The simultaneity of those changes is evident for interannual fluctuations of net emis-
sion, as well as for its long-term intensification. It is noteworthy that, although operat-

2 Following the monthly record of r being subjected to two passes of Chapeau (1-2-1) convolution and
the ensuing record of Enet being subjected to a 12-month Bartlett convolution (see, for example, Bath,
1974).
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ing on disparate time scales, both components of thermally-induced emission derive
from the same relationship to tropical surface temperature.
4
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Figure 5: (a) Net emission of CO», low-pass filtered to periods longer than 1 yr (Red). Superim-
posed is the component of net emission that operates coherently with temperature over tropical
land observed by MSU (Blue). (b) As in (a), but with (i) the thermally-induced component of net
emission also coherent with the perturbation of SW radiation that was introduced by the eruption
of Mt. Pinatubo and (ii) extrapolated backward before the satellite era through the record of SSTA.
Superimposed in (a) and (b) are the intervals perturbed by the volcanic aerosols of Mt. Pinatubo
and Agung (Magenta).

A brief interval when Ey(71) and En deviated from one another occurred during 1991 - 1994,
Observed CO; emission then fell short of that anticipated from thermally induced emission. This
interval coincides with the major eruption of Mt. Pinatubo, which introduced volcanic aerosol
into the stratosphere. Frozen in strong stability of the stratosphere, Pinatubo aerosol remained
there for approximately 3 years. Plotted in Fig. 6 is anomalous shortwave (SW) radiation at the
top of the tropical atmosphere, observed by the Earth Radiation Budget Experiment (ERBE).
Increasing abruptly in 1991, it represents enhanced backscattering of SW radiation from the
cloud of stratospheric aerosol introduced by Pinatubo. The enhanced backscattering corresponds
to reduced SW radiation reaching the Earth’s surface.

Beyond its impact on temperature, a perturbation of SW radiation influences vegetation and soil
respiration directly (Keane and Ineson 2017). Projecting Eye onto the record of tropical land
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temperature as well as the record of SW radiation obtains the perturbation of CO, emission by
both environmental influences. In Fig. 5b is thermally-induced emission, inclusive of perturbed
SW radiation. It tracks observed En. even during the Pinatubo-perturbed years. The correlation
with observed Ey is then increased to 0.82.
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Figure 6: Anomalous outgoing SW flux observed by the Earth Radiation Budget Experiment.
Adapted from Canty et al. (2013).

Before 1979, a record of temperature with complete coverage of the tropics does not exist. The
record of SSTA, in principle, covers the tropical ocean, albeit with sparse sampling. However, it
provides no direct information on temperature over tropical land, with which Ey.: operates most
coherently during the satellite era. Nevertheless, temperature over tropical land is strongly con-
trolled by temperature of surrounding ocean. During the MSU era, the two have a correlation of
0.94. We employ their strong interdependence to extend the thermally-induced component of net
emission.

During the satellite era, when there is complete coverage of the tropics, the record of SSTA over
ocean is first projected onto the record of MSU temperature over land. The ensuing projection
represents the record of pseudo land temperature that is embodied in the SSTA record. It, in
turn, extends back before the satellite era. Onto the extended record of tropical land temperature
is then projected the observed record of CO» emission, Ene. Superimposed in Fig. 5b is the re-
sulting net emission that operates dependently with tropical land temperature, extended back
from the MSU record to the beginning of the Mauna Loa record. Despite the observational limi-
tations, the SSTA extension of thermally-induced emission tracks observed emission of CO;. In
fact, the correlation between the concatenated record of Ene(71) and the observed record, Epe, is
0.83 - as high as when the records are restricted to the satellite era. As noted earlier, the system-
atic intensification of E.« in the observed record develops only after the 1973 El Nifio. Before
then, net emission exhibits no systematic change. The same transformation is evident in ther-
mally-induced emission, Ene(71), which derives from tropical temperature.’

During the years 1963-1965, observed Ey fell short of that anticipated from Ene(71), much like it
did during the years perturbed by Pinatubo. The former years coincide with the eruption of Mt.
Agung, the third-strongest eruption of the 20th century. It too invaded the stratosphere (Neimeier
et al. 2019). Observations of perturbed SW radiation then, through which its impact on Eye: could
be represented, do not exist.

3 Owing to the simultaneity of fluctuations in Enet and Ene(T1), induced changes of CO: lag changes of
land temperature. From (1), anomalous » must lag anomalous 71 by a quarter cycle (Appendix A). The
fluctuations in Fig. 5 have a mean period of 2.8 yrs. The lag required by the conservation law is thus ~
8.5 months. It is close to the observed lag that emerges from the cross covariance between CO2 and
temperature (Humlum et al. 2013; Salby 2013).
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The systematic intensification of Ey accelerates the growth of CO,. It makes a major contribu-
tion to the net increase of CO, during the Mauna Loa era. Without it, CO, would have grown
linearly at the rate observed in 1959: ~1 ppmv/yr; cf. Fig. 9. According to (1), cumulative net
emission equals the net change of CO,:

t
j Enetdt = ACO:x. 2)
1959

It corresponds to the area under the curves in Fig 5b. Systematic intensification of Eye is seen
to account for about half of the observed increase of CO, in the Mauna Loa record.

As is evident in Fig 5, thermally-induced emission accounts for the long-term intensification of
net emission about as well as it accounts for interannual intensifications of Ey, like those intro-
duced by El Nifio. The two forms of variability involve widely-separated time scales. Nonethe-
less, their joint representation in Eyei(71) - through the same dependence on surface temperature
- reflects a common physical mechanism, one that operates on both components of CO, emis-
sion.

S. Intensification of Emission: Seasonality

The long-term intensification of Eq in Fig. 5 is responsible for much of the net increase of CO;
during the Mauna Loa era. It derives ultimately from changes in the raw monthly record of CO,,
wherein all variability is represented. Included is seasonality that remains after removal of the
zero-mean annual cycle of CO; (Fig. 4).*

Plotted in Fig. 7 is the corresponding monthly record of E.: . Prevalent are quasi-annual fluctua-
tions, with random amplitude and phase. Because they have non-vanishing mean, those fluctua-
tions of net emission do introduce a net change of CO,. The quasi-annual fluctuations have am-
plitudes initially of 2 - 4 ppmv/yr, much smaller than in the zero-mean annual cycle (Fig. 4b).
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Figure 7: Monthly record of net COz2 emission, following removal of the zero-mean annual cycle.
Superimposed is Enet during the months of July (Green) and the months of November (Blue).

4 In the frequency spectrum of COz, the annual variation of 7 is comprised of a Delta function (e.g., a
spike of variance) concentrated at 1 cycle per year, flanked by a continuum of variance at neighboring
frequencies. The continuum develops through nonlinear interaction with the monochromatic central
frequency, from which variance leaks. As the zero-mean annual cycle is invariant from one year to the
next, its elimination removes only the monochromatic spike. Remaining in the record of anomalous
COz are quasi-annual fluctuations that are aperiodic. They underpin the interannual and long-term
changes of net emission in Fig. 5, which are seen to depend strongly upon tropical land temperature.
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However, they systematically intensify, eventually attaining amplitudes that are twice as large
as exist initially. Accompanying their amplification is an upward drift in baseline, equal to lo-
cal-mean Epe:.

The two secular changes of E..(f) are not independent. Were the quasi-annual swings in Ene
symmetric (e.g., equal and opposite in conjugate months), they would result in no change of
baseline. Superimposed in Fig. 7 is Ene: during the months of July (Green). Eye: during those
months is uniformly negative. However, through changes of amplitude and phase, net emission
during July fluctuates randomly. Nevertheless, the July values are clustered about minima of the
quasi-annual swings. They gradually drift towards more-negative Eye, corresponding to a sys-
tematic weakening of net emission then. The drift represents a trend in July En.. of —0.04
ppmv/yr’.

Also superimposed in Fig. 7 is Ene during the months of November (Blue). Eye then is uniform-
ly positive. But, like Ene: during July, it fluctuates randomly. Clustered about maxima of the
quasi-annual swings, November values gradually drift towards more positive En , correspond-
ing to an intensification of net emission then. The drift represents a trend in November Epe; of
approximately +0.09 ppmv/yr’ - more than twice as fast as the negative trend during July. The
imbalance of trend between conjugate months introduces the gradual drift in baseline. It corre-
sponds to the long-term intensification of low-pass filtered E.: in Fig. 5.

Averaging values for individual months #, yields the mean seasonality of net emission, (Enet)().
Unlike the zero-mean component in Fig. 4b, this annual variation of net emission does introduce
a net change of CO.. Plotted in Fig. 8 (Solid), (Ewne)(f:) has an annual mean of ~ 1.6 ppmv/yr.
However, it varies substantially with month. (Ene)(2) is positive during September - April, Aus-
tral spring and summer. It is negative during May - September, Austral winter. Those seasonal
intervals are virtually identical to the intervals when F, is positive and negative in the zero-
mean annual cycle (Fig.4) - which introduces no net change of CO,.
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Figure 8: Mean annual variation of net emission, exclusive of zero-mean annual cycle, (Solid).
Superimposed is the mean annual variation of Ene at the beginning of the Mauna Loa record (Short
Dashed) and at the end of the record (Dashed).

Cumulative net emission in Fig. 8, integrated over a range of months, equals the respective in-
crease of CO; (1). Notice that positive Ene during February - April (which increases CO: by
9.30 ppmv) is nearly cancelled by negative En during May - September (which decreases CO»
by 9.33 ppmv). Therefore, cumulative net emission over the year follows chiefly from Ey dur-
ing the remaining months: September - January, when Ey is large and positive. So too, there-
fore, must follow the annual increase of CO,.
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The annual mean of (Ener), ~1.6 ppmv/yr, is responsible for the average growth rate of CO,,
namely, the rate were CO» to have increased linearly during the Mauna Loa era. The gradual
intensification of net emission (Fig. 5) causes CO, growth to accelerate. That intensification
derives from the trend in the quasi-annual fluctuations of E. , represented in Fig. 7. The trend
in individual months modifies the seasonality of E.. between the beginning and end of the
Mauna Loa record. Superimposed in Fig. 8 is the seasonality of Eye: during 1959 (Short Dashed)
and during 2020 (Long Dashed). Between the beginning and end of the record, the quasi-annual
fluctuations of net emission undergo a systematic amplification: Large positive net emission
becomes more positive. Large negative net emission becomes more negative. The increase of
positive En (upward arrows), however, exceeds the decrease of negative En. (downward ar-
rows). The imbalance introduces an upward drift in the annual-mean of (Eq.), which increases
from 0.7 ppmv/yr during 1959 to 2.5 ppmv/yr during 2020.

The change of seasonality in Fig. 8 (arrows) mirrors the average seasonality of (Fn.) (Solid).
The latter, in turn, has the same form as Ey in the zero-mean annual cycle (Fig. 4b). As in the
mean seasonality (Solid), acceleration of Ene between 1959 and 2020 during January - April (in-
tensification of net emission) is largely cancelled by deceleration of Ey.: during May - August
(weakening of net emission). Consequently, the long-term intensification of Ey in Fig. 5, which
accelerates CO; growth, derives principally from an intensification of net emission during Sep-
tember - January, when instantaneous E,. is large and positive.

6. Conclusions

Net emission of CO, which is the resultant of all contributions, is concentrated at tropical lati-
tudes - not at midlatitudes, where anthropogenic emission is concentrated. Represented in the
interdependence of Ey: and 71 is the sensitivity to temperature of net CO, emission. Largely
invariant with time scale, the sensitivity is much the same for the long-term increase of temper-
ature as it is for interannual fluctuations of temperature. Owing to this fundamental sensitivity,
the observed intensification of Ey is an inevitable consequence of systematic warming in the
tropics (Fig. 3).

In relation to CO,, what is responsible for that warming is immaterial. Its influence on CO;
should not be confused through circular reasoning. The observed warming, which forces in-
creased CO; through intensified net emission, cannot itself be the result of increased CO,. Were
it, anomalous CO, and net emission that forces it would have increased twice as much as was
observed: (i) the increase of CO, that hypothetically produced the observed warming plus (ii)
the thermally-induced response to that warming, which has no dependence on what caused the
warming yet induces an intensification of CO- net emission close to what is observed.

The direction of causation is also clear from the interdependence of net emission and tempera-
ture - for interannual fluctuations as well as for the long-term increase in those properties. In
addition to having strong coherence with temperature, the two unsteady components of net
emission have the same phase relationship to temperature: Both vary in phase with temperature
(cf. Fig. 5b). The strong coherence and in-phase relationship to temperature reveal that, irre-
spective of time scale, changes of tropical temperature induce simultaneous changes of CO, net
emission.

Under the opposite direction of causation, were the observed changes of tropical temperature
induced by changes of CO,, they would result in a fundamentally-different phase relationship.
The time scale of thermal damping, which drives temperature towards thermal equilibrium, is
only a couple of weeks (e.g., Salby 2012). It is much shorter than both unsteady time scales in
Fig. 5b. Through anomalous radiative forcing, the comparatively gradual changes of CO, would
therefore induce simultaneous changes of temperature, in phase with CO,. However, net emis-
sion, which changes CO, through (1), must lead CO, by a quarter cycle (Appendix A). Net
emission would thus also lead temperature by a quarter cycle. Under these circumstances, net
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emission would lead and operate in quadrature with temperature - behavior contradicted by
their in-phase relationship observed (Fig. 5b).

The observed contradiction invalidates the latter possibility. Through elimination, it unambigu-
ously establishes the forcing of observed changes and the consequent response: Net emission of
CO,, which determines anomalous CO; (1), is forced by changes of tropical temperature - not
vice versa.

The growth of atmospheric CO; follows from positive net emission (1). A small residual be-
tween emission and absorption, net emission is inherently seasonal. The seasonality of Eye is
noteworthy. The component of E,.; which introduces a net annual change of CO», (viz. the devi-
ation from the zero-mean annual cycle in Fig. 8) has seasonality of the same form as seasonality
in the zero-mean annual cycle (Fig. 4b), which introduces no net annual change of CO,. The
close correspondence of those unsteady components of net emission reflects a common physical
mechanism. The processes responsible for the periodic annual swing of net emission should
therefore also be responsible for its sporadic intensification, as occurs during episodes of El
Niflo. Much the same applies to the long-term intensification of net emission during the last half
century.

The nexus between these unsteady components of net emission is underscored by the raw
monthly record of Ey. Even after removal of the zero-mean annual cycle, monthly net emission
fluctuates quasi annually (Fig. 7). Coupled to long-term changes, those fluctuations reflect a
gradual amplification and distortion of the annual cycle of net emission. This modulation of the
annual cycle underpins thermally-induced changes of emission, changes that represent interan-
nual fluctuations of net emission as well as its long-term intensification (Fig. 5b).

Net emission determines the evolution of atmospheric CO» (1). Plotted in Fig. 9 is the observed
evolution of CO (Green). Also plotted is the evolution that CO, would have undergone had Ene
remained constant after the 1973 El Nifio (Dashed). About half of the observed increase follows
from the systematic intensification of net emission; cf. Fig. 5b. Superimposed in Fig. 9 is the
evolution of CO; that is introduced by thermally-induced emission in Fig. 5b (Blue). To within
observational limitations, the observed evolution of CO; and the thermally-induced component
of CO; are indistinguishable.
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Figure 9: Evolution of CO: mixing ratio observed at Mauna Loa (Green), along with the evolution
that would have occurred had net emission remained constant (Dashed). Superimposed is the evo-
lution introduced by thermally induced-emission in Fig. 5 (Blue).
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The veracity with which the thermally-induced component tracks the observed evolution of CO;
has two important implications: (i) Through (2) and thermally-induced emission, tropical land
temperature should be a robust predictor of atmospheric CO,. By contrast, other contributions to
net emission which operate incoherently with 71, afford virtually no predictive skill. Such is the
case for anthropogenic emission, upon which climate projections of the IPCC rest. (ii) The an-
thropogenic perturbation of CO; must be small - so small, in fact, as to lie within the noise of
the calculation. That, in turn, requires the removal time of anthropogenic CO, (which has not
been specified in this calculation) to be quite short; cf. SH1 Figs 11, 13. It can be shown that,
for the thermally-induced component of CO; to track the observed evolution so closely, the re-
moval time of anthropogenic CO, must be of order only a year (Appendix B). Anthropogenic
CO; is then removed from the atmosphere almost as fast as it is introduced, sharply limiting its
accumulation in the atmosphere.
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Appendix A

Phase Relationship between Anomalous CO: and Net Emission of CO;

Net emission of CO, and anomalous CO, are related through the conservation law (1).
Fourier transforming each side yields the conservation law for individual spectral components:

—ioR(w)=E,, (o) (A1.1)
where
=5 R@e o, (A12)
1 = .
= iot Al3
En()=-| Eu(@e™do (A13)

and Jw) and &« (w) are the spectral components of 7 and En at frequency .

Rearranging (A1l.1) obtains

2 :ié
w (A2.1)
zéew
0]
where ¢ = Z (A2.2)
2
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is the phase lag of 2with respect to &et. Anomalous CO: is seen to vary in quadrature with

net emission, lagging by a quarter cycle. Because it applies irrespective of time scale (®), this
consequence of the conservation law holds equally for interannual fluctuations and the long-
term increase of net emission. As observed net emission varies in phase with anomalous tem-
perature, on all relevant time scales (Fig. 5b), anomalous CO, must also lag anomalous tempera-
ture by a quarter cycle - as is, in fact, observed (Humlum et al. 2013; Salby 2013).

Appendix B

Effective Absorption Time of Anthropogenic CO:

The thermally-induced component of CO; closely tracks the observed evolution of CO, (Fig. 9).
For this to occur, the discrepancy from observed CO, introduced by the anthropogenic compo-
nent of CO, and all other non-thermal contributions cannot exceed the observed discrepancy.

In the average over time,
<Ar2> = <VZ>+<Ar02ther>, BLY)

where angle brackets denotes time mean, Ar is the instantaneous discrepancy between the ther-
mally-induced component of CO; and observed CO», ra is the anthropogenic perturbation of
CO,, and Aromer represents all other non-thermal contributions to anomalous CO» (which vary
incoherently with systematically-increasing 7). The root mean square discrepancy must there-
fore satisfy

pIms < Ap™™S, (BIZ)

A

As developed in Section 3 for all components of CO,, the anthropogenic component remains
close to its instantaneous equilibrium level (SH1),

E, (¢

riany = 220, (B2)
eff

where ¢} is the effective absorption rate of anthropogenic CO; and Ex is anthropogenic emis-

sion. The equilibrium level and, hence, anthropogenic COs itself are seen to gradually drift with

changes of anthropogenic emission. Together with (B2), (B1.2) requires

ms
A > EA
eff — Arrms '

(B3)

During the satellite era, when there was complete coverage of the tropics, the observed discrep-
ancy from the thermally-induced component (Fig. 9) was Ar™ = 1.8 ppmv. The rms discrepan-
cy is comparable to the average equilibrium level of anthropogenic CO,, 2.4 ppmv, which was
evaluated independently from mean anthropogenic emission during its 20th century increase
(SHI). For the same period, E™= 2.2 ppmv/yr (4.6 GtC/yr) is representative of anthropogenic
emission. The effective absorption rate of anthropogenic CO, (B3) must therefore exceed

alb =12 yrs™ (B4)

eff

Corresponding to a removal time shorter than a year, this empirical evaluation of ¢} is compara-
ble to (in fact, slightly faster than) the effective absorption rate calculated independently
through observed transience of carbon 14 (ibid).
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Abstract

A basic assumption of climate change made by the United Nations Intergovernmental Panel on
Climate Change (IPCC) is natural CO, stayed constant after 1750 and human CO, dominated
the CO; increase. [PCC’s basic assumption requires human COs to stay in the atmosphere longer
than natural CO,. But human CO, and natural CO; molecules are identical. So, human CO, and
natural CO, must flow out of the atmosphere at the same rate, or e-time. The 1CO0, e-time, de-
rived from §'*C data, is 10.0 years, making the '2CO, e-time less than 10 years. The IPCC says
the '2CO; e-time is about 4 years and IPCC’s carbon cycle uses 3.5 years. A new physics carbon
cycle model replicates IPCC’s natural carbon cycle. Then, using IPCC’s natural carbon cycle
data, it calculates human carbon has added only 33 [24-48] ppmyv to the atmosphere as of 2020,
which means natural carbon has added 100 ppmv. The physics model calculates if human CO»
emissions had stopped at the end of 2020, the human CO; level of 33 ppmv would fall to 10
ppmv in 2100. After the bomb tests, §'*C returned to its original balance level of zero even as
2CO, increased, which suggests a natural source dominates the '2CO; increase.

Keywords: carbon cycle; carbon cycle model; carbon dioxide; climate change; CO, increase;
human carbon.
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1.Introduction
1.1 Definitions

The Intergovernmental Panel on Climate Change (IPCC) defines two carbon cycle domains, the
slow carbon cycle and the fast carbon cycle. [IPCC (2013, p. 470) explains,

“The first is a fast domain with large exchange fluxes and relatively ‘rapid’ reservoir turn-
overs, which consists of carbon in the atmosphere, the ocean, surface ocean sediments and
on land in vegetation, soils and freshwaters.”

“A second, slow domain consists of the huge carbon stores in rocks and sediments which
exchange carbon with the fast domain through volcanic emissions of CO2, chemical
weathering, erosion and sediment formation on the sea floor.”

This paper uses the following definitions:

e “Natural carbon” is carbon from natural actions.
e “Human carbon” is from burning carbon fuels and producing cement.
e “Land carbon” is from human-caused land-use changes.

Human carbon moves carbon from the slow carbon cycle to the fast carbon cycle. Land carbon
moves carbon from the land to the atmosphere, all within the fast carbon cycle.

This paper assumes human carbon transferred to the fast carbon cycle stays in the fast carbon
cycle forever. This paper focuses on how long human carbon stays in the atmosphere in the fast
carbon cycle.

The level or concentration of atmospheric CO; is in units of ppmv (parts per million by volume
in dry air). However, it is customary to omit the “v” and write ppm. To convert CO, in ppmv
into the mass of carbon in PgC (petagrams), multiply the ppmv by 2.12. GtC (Gigatons of car-
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bon) is numerically equivalent to PgC.
1.2 The IPCC basic assumption

The IPCC, its supporting papers and climate models, assume that human CO; causes all or most
CO; increase above 280 ppmv. This assumption is the basis of worldwide climate laws and trea-
ties.

The IPCC (2013, p. 467, Executive Summary) says,

“With a very high level of confidence, the increase in CO, emissions from fossil fuel burn-
ing and those arising from land use change are the dominant cause of the observed increase
in atmospheric CO; concentration.”

The IPCC (2013, pp. 470-471) assumes the natural CO; level remained at 280 ppm after 1750
and, therefore, human CO; caused all the CO; increase since 1750. This paper uses [IPCC’s own
data to argue this IPCC assumption is incorrect.

Fig. # 1 (IPCC, 2013, p. 471, Fig. # 6.1) shows IPCC’s natural carbon cycle (in black) and
IPCC’s human carbon cycle (in red). The title bar shows 589 PgC (278 ppmv) of natural carbon
and 240 PgC (113 ppmv) of Auman carbon is in the atmosphere as of about 2005. So, according
to the [IPCC, human CO; has caused 29% (= 240/829) of the CO- in the atmosphere.

Fig. # 1 also shows annual human carbon emissions in 2005 are 8.8 PgC per year (7.8 PgC per
year of human carbon and 1.1 PgC per year of land carbon) while natural carbon emissions are
168 PgC per year (107.2 PgC per year from land and 60.7 PgC from surface ocean).

:he'-‘589+4° ..,c,r'n - pa
: sph':icm' = netland X5 &
(average '™ ot 21 7 B £
a1 3| 3| aema] 173 2
@Q =
ocean flux 2 =1 s — 3 = %
TO.T g’ _E‘E g
23207 s| 38| &
— > gg| =
= M o ]
= =
(=] - (v
Es g!? l;:‘n |2
233
57| &

Figure 1. IPCC Figure 6.1 for 2010 shows IPCC'’s data for its natural and human carbon cycles.
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Therefore, the IPCC assumes annual hAuman emissions, which are only 5% of the total CO2 in-
flow, have become 29% of the CO, in the atmosphere in 2010. Data for 2020 show 33%. How
can 5% of the annual inflow become 29% or 33% of the total CO2 in the atmosphere?

To achieve this result, the [IPCC assumes human CO; stays in the atmosphere longer than natu-
ral CO». But this cannot be true because human and natural CO; molecules are identical. There-
fore, they stay in the atmosphere for equal times. This is the climate equivalence principle.

IPCC’s turnover time, which this paper calls “e-time,” measures how long CO; stays in the at-
mosphere.

IPCC (2007, p. 948) defines turnover time to make outflow proportional to the first power of the
level,

“Turnover time (T) is the ratio of the mass M of a reservoir (e.g., a gaseous compound in
the atmosphere) and the total rate of removal S from the reservoir: T =M / S. For each re-
moval process, separate turnover times can be defined.”

IPCC (2007, p. 948) says the turnover time (T) for natural COs is about four years.

“Carbon dioxide (CO,) is an extreme example. Its turnover time is only about four years
because of the rapid exchange between the atmosphere and the ocean and terrestrial biota.”

However, IPCC (2013, p. 469) assumes human CO; turnover time is much larger than four
years,

“The removal of human-emitted CO, from the atmosphere by natural processes will take a
few hundred thousand years (high confidence). Depending on the RCP scenario considered,
about 15 to 40% of emitted CO; will remain in the atmosphere longer than 1,000 years. This
long time required by sinks to remove anthropogenic CO, makes climate change caused by
elevated COs irreversible on human time scale. {Box 6.1}”

IPCC’s Box 6.1, mentioned above, merely assumes the natural CO, level has remained at 280
ppmv while human CO; caused all the CO, increase. There are no data to prove this is the case.

This IPCC assumption requires Auman CO, to have a much longer turnover time (and therefore
stay in the atmosphere much longer) than natural CO».

Turnover time is critical. If it is less than 10 years, then natural CO; caused most CO; increase.
If it is greater than 100 years, then human CO, caused most CO; increase. The reason (more
fully explained in Section 4) is CO» outflow from the atmosphere is fast when the turnover time
is small and vice-versa. So, for a given inflow of human CO,, more will remain in the atmos-
phere if the turnover time is large.

Revelle and Suess (1957) used “C data to calculate the turnover time “of a CO, molecule in the
atmosphere ... is of the order of 10 years,” and correctly concluded,

“This means most of the CO» released by artificial fuel combustion since the beginning of
the industrial revolution must have been absorbed by the oceans.”

Starr (1992) found several papers that assume human CO, caused all the CO, increase. By re-
moving this assumption, Starr found the data show turnover time is 4 to 5 years. He correctly
wrote,

“The short residence time suggests that anthropogenic emissions contribute only
a fraction of the observed atmospheric rise, and that other sources need be
sought.”

Segalstad (1998) lists 36 independent studies from 1957 to 1992 that used 6 different methods
to estimate turnover time that show it is less than 10 years and dominantly between 5 and 10
years.

Rorsch et al. (2005) show if human and natural carbon have the same e-times, as physics re-
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quires, then IPCC’s assumption is wrong.
Essenhigh (2009) calculated the '*CO, e-time is about 4 years.

Ballantyne et al. (2012) found “there is no empirical evidence” that the ability of the land and
oceans to absorb atmospheric CO, “has started to diminish on the global scale.” This means
human CO; has not changed the turnover time.

Munshi (2015a) shows the “detrended correlation of annual emissions with annual changes in
atmospheric CO;” is zero, which proves anthropogenic emissions are not the primary cause of
the increase in CO; concentration. A non-zero correlation does not prove a cause-effect relation-
ship is true, but a zero correlation proves there is no observable cause-effect. Correlations of
time-series data must be detrended to remove overall trends before calculating cause-effect cor-
relations.

Harde (2017, 2019) concluded the *CO; e-time is about 4 years. Harde (2019) and Berry (2019)
use one-reservoir models (that do not allow human carbon to flow of from land and oceans back
into the atmosphere) to conclude that human emissions have added about 17 ppmv to 18 ppmv
to the atmosphere.

Kohler et al. (2017) criticized Harde (2017), claiming human (but not natural) CO, reduced the
“buffer capacity” of the carbonate system, conflicting with Ballantyne et al. (2012),

“... the rise in atmospheric and oceanic carbon content goes along with an increase in the
Revelle factor, a phenomenon which is already measurable. This implies that the oceanic
uptake of anthropogenic carbon will become slower if we continue to increase anthropo-
genic CO; emissions. This is already seen in all CHIMPS5 model simulations.”

However, Kohler et al. arguments use the IPCC assumption — that human CO; dominated the
CO; increase — to conclude human (but not natural) CO2 reduced ocean “uptake,” caused the
Revelle factor (that Ballantine et al. conclude is not measurable), and use CHIMPS models that
make the same assumption, to conclude (in circular fashion) the IPCC assumption is true so
they can claim Harde (2019 is wrong.

Gruber et al. (2019) assume human carbon dominates the CO» increase to analyze their data to
conclude the IPCC assumption is true.

1.3. The IPCC ice-core assumption

IPCC (2013, pp. 467-468) uses reconstructed ice core data to support its assumption that human
CO; has caused all the CO; increase above 280 ppmv,

“During the last 7000 years prior to 1750, atmospheric CO; from ice cores shows only very
slow changes (increase) from 260 ppmv to 280 ppmv, in contrast to the human-caused in-
crease of CO; since pre-industrial times.”

IPCC’s last phrase — “in contrast to the human-caused increase of CO, since pre-industrial
times” — is IPCC’s assumption that IPCC uses to conclude its assumption is true, which is circu-
lar reasoning.

The IPCC uses the absence of ice-core data — that show the natural CO; level was greater than
280 ppmv before 1750 — to assume natural CO remained at 280 ppmv after 1750. Here are
some problems for this IPCC ice-core assumption.

First, IPCC’s antecedent is questionable.

e Segalstad (1998) shows why ice core reconstructions of CO» levels are not reliable.

o Kouwenberg (2004) and Kouwenberg et al. (2005 a, b) used conifer stomata data to
reconstruct CO; levels that increased to 350 ppmv several times in the last 1200 years.

e Beck (2007) published thousands of direct chemical measurements of CO, that show
much higher CO; levels than those reconstructed from ice cores.
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e Jaworowski (2007) shows ice cores underestimate CO; levels.
e Salby (2012, pp. 21, 66) shows ice-core reconstructions of CO; levels do not accurately
measure historical CO; levels.

Second, these papers negate [IPCC’s consequent:

Segalstad (1998) shows the turnover time is 3.5 years to 5 years.

IPCC (2007, p. 948) says the CO, turnover time is “about 4 years.”

IPCC (2013, pp. 470-471) Fig. # 1 shows the CO; e-time is 3.5 years.

Harde and Salby (2021) show the '*CO, e-time is 10.0 years, which proves '*CO, e-time
is much smaller, which proves human CO; did not cause all the CO; increase.

The return of 8'*C to its original level of zero after the bomb tests, even as '*CO; and
12C0; increased, proves the added 12C0; came from a natural source that existed before
the bomb tests (Section 6.1).

1.4 Isotope data show CO; increase is natural
IPCC (2007, p. 512) says,

“The increase in atmospheric CO; concentration is known to be caused by human activities
because the character of CO; in the atmosphere, in particular the ratio of its heavy to light
carbon atoms, has changed in a way that can be attributed to addition of fossil fuel carbon.”

This IPCC argument has no numbers. But isotope data contradict IPCC’s assumption that hu-
man CO, caused all the increase and show the human effect is small (Segalstad, 1998; Quirk,
2009; Harde, 2017, 2019; Berry, 2019; Harde and Salby, 2021).

2. Method
2.1 The data

This paper uses these data,

IPCC’s natural carbon cycle data (IPCC, 2013, pp. 470-486)
3'“C data (Turnbull et al., 2017)

'C data (Turnbull et al., 2017)

12C data before 1960 (Etheridge et al., 1996; Jaworowski, 2007)
12C data after 1960 (Keeling et al., 2001)

Human carbon emissions data (Gilfillan et al., 2020)

2.2 The basics

According to the scientific method, data cannot prove an assumption is true, but only one con-
tradiction to data proves an assumption is false.

IPCC (2013, p. 467, Executive Summary) says human CO; is the “dominant” cause of the in-
crease. IPCC (2013, pp. 470-486) says human CO; caused all the increase. This paper shows
both versions of IPCC’s assumption conflict with [PCC’s data.

The IPCC did not derive its human carbon cycle from IPCC’s natural carbon cycle data, as it
should have, but merely assumed that human CO, caused all the CO, increase above 280 ppmv.
But scientific assumptions should be compatible with all available data.

This paper shows IPCC’s assumed human carbon cycle contradicts IPCC’s natural carbon cycle
data. Therefore, [IPCC’s assumed human carbon cycle cannot be true.

2.3 The physics carbon cycle model

The physics carbon cycle model, derived in this paper, has only one hypothesis, namely, out-
flow is proportional to level. The IPCC (2013, p. 470, turnover time) uses this same hypothesis,
so the physics carbon cycle model agrees with IPCC’s natural carbon cycle (Section 3.1).
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IPCC’s natural carbon cycle (Fig. # 1) has four main carbon reservoirs, e.g., land, atmosphere,
surface ocean, and deep ocean, in that order. The land connects only with the atmosphere and
the deep ocean connects only with the surface ocean. The atmosphere and surface ocean have
two connections.

IPCC’s natural carbon cycle shows data for each of the four levels and the six flows between the
four reservoirs at equilibrium.

The physics carbon cycle model uses IPCC’s levels and flows to calculate the turnover times
(now e-times) for the six outflow nodes. With these six e-times, the physics carbon cycle model
calculates how the carbon levels change when the carbon cycle is not at equilibrium.

The physics model is a systems model where levels calculate flows, and flows calculate new
levels.

For verification, the physics carbon cycle model replicates IPCC's natural carbon cycle. Then
the physics model calculates the human carbon cycle using IPCC’s natural carbon cycle e-times.

The atmospheric CO, e-time for IPCC’s natural carbon cycle is 3.5 years (Equation 23), which
approximates IPCC’s (2007, p. 948) estimated turnover time of about 4 years.

This physics model is an extensible, documented, open-source model that other researchers can
use to make carbon cycle calculations.

2.4 Data contradict IPCC’s basic assumption

The IPCC assumes natural CO; stayed constant at 280 ppmv after 1750 while human CO»
caused all the CO, increase above 280 ppmv. This assumption contradicts data.

First, *CO, data show its e-time is 10 years, making the '>)CO, e-time less than 10 years (Sec-
tion 6.1). This contradicts [PCC’s assumption.

Second, the return of §'*C data to its original balance level of zero even as '*CO, increased,
suggests the added '2CO; has a natural source independent of human emissions (Section 6.1).

Third, IPCC’s assumption requires human CO; to have a much larger e-time than natural CO; to
dominate the CO» increase. But human and natural e-times are the same because human and
natural CO, molecules are identical. Different e-times would require a “carbon demon” in the
atmosphere to separate human from natural CO; and then restrain the human CO; from flowing
out of the atmosphere as fast as natural COs.

Fourth, the physics carbon cycle model uses IPCC data to show human carbon has added only
33 [24-48] ppmv to the atmosphere as of 2020, which means natural carbon has added 100

ppmv.

The physics model calculates if human CO, emissions had stopped at the end of 2020, the hu-
man CO; level would fall from 33 ppmv in 2020 to 16 ppmv in 2040, to 10 ppmv in 2100, and
to 5 ppmv by 2180.

Fig. # 1 (IPCC, 2013, p. 471, Fig. # 6.1) shows the total natural carbon in the fast carbon cycle
is 41,089 PgC and the added human carbon is 365 PgC as of about 2010. So, human carbon has
added only 0.89% to the carbon in the carbon cycle as of 2010. This change of less than one
percent diffuses arguments that human CO2 changed the e-times.

The physics carbon cycle model calculates IPCC's land use effect adds little carbon to the at-
mosphere because this carbon moves quickly from the atmosphere, through the surface ocean,
and on to the deep ocean, without adding new carbon to the carbon cycle.

The physics model calculates, deductively, the consequences of IPCC’s natural carbon cycle
data. Therefore, these calculations are independent of outside data.
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2.5 The Bern model

The Bern model (Siegenthaler and Joos, 1992; Strassmann and Joos, 2018) uses IPCC’s as-
sumption that human CO; dominates the CO; increase.

The Bern model uses Green’s functions to calculate the evolution of one pulse in the atmos-
phere. Section 5.4 compares the Bern model with the physics model for a single carbon pulse in
the atmosphere. The Bern model uses long e-times that leave 15% of carbon in the atmosphere
at equilibrium. The physics model uses IPCC’s e-times that leave only 1.4% of total carbon in
the atmosphere at equilibrium.

Then, to calculate the results of continuing pulses, the Bern model must integrate successive
Green’s functions. The physics model for a single pulse could use Green’s functions, but that
would require integrating sequential Green’s functions, which is unnecessary.

The physics model uses recursive calculations to quickly solve for any scenario in a single pro-
cess. The physics model is a true systems model that allows levels to set flows and these flows
to set new levels. It is simpler and more versatile than the Bern model.

The physics model (Section 4) shows how inflow sets a balance level where outflow equals
inflow. The level always moves to the balance level. Once at the balance level, continuing con-
stant inflow does not change the level.

3. Carbon data review
3.1 IPCC’s carbon cycle data

IPCC (2013, p. 470) introduces IPCC’s carbon cycles,

“Atmospheric CO, represents the main atmospheric phase of the global carbon cycle. The
global carbon cycle can be viewed as a series of reservoirs of carbon in the Earth System,
which are connected by exchange fluxes of carbon. Conceptually, one can distinguish two
domains in the global carbon cycle.”

“The first is a fast domain with large exchange fluxes and relatively ‘rapid’ reservoir turn-
overs, which consists of carbon in the atmosphere, the ocean, surface ocean sediments and
on land in vegetation, soils and freshwaters.”

“Reservoir turnover times, defined as reservoir mass of carbon divided by the exchange
flux, range from a few years for the atmosphere to decades to millennia for the major car-
bon reservoirs of the land vegetation and soil and the various domains in the ocean.”

“A second, slow domain consists of the huge carbon stores in rocks and sediments which
exchange carbon with the fast domain through volcanic emissions of CO,, chemical weath-
ering, erosion and sediment formation on the sea floor.”

IPCC’s reference to “turnover times” clarifies that it defines outflows to be directly proportional
to the reservoir levels and that IPCC’s data include biogeochemical processes for the carbon
cycle.

Fig. # 1 (IPCC, 2013, p. 471, Fig. # 6.1) shows IPCC’s carbon cycle with its four major carbon
reservoirs — land, atmosphere, surface ocean, and deep ocean — and its separation of the natural
(in black) and human (in red) carbon cycles.

IPCC (2013, p. 470) says its Fig. # 6.1 applies to the fast domain,

“A schematic of the global carbon cycle with focus on the fast domain is shown in Figure
6.1. The numbers represent the estimated current pool sizes in PgC and the magnitude of
the different exchange fluxes in PgC/year averaged over the time-period 2000-2009.”

IPCC (2013, p. 471) Fig. # 6.1 legend says it is a “simplified schematic of the global carbon
cycle. Numbers represent reservoir mass in PgC and annual carbon exchange fluxes (in PgC per
year).”
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Fig. # 1 separates the natural carbon cycle (in black) from the human carbon cycle (in red),

“Black numbers and arrows indicate reservoir mass and exchange fluxes estimated for the
time prior to the Industrial Era, about 1750.”

“Red arrows and numbers indicate annual ‘anthropogenic’ fluxes averaged over the 2000-
2009 time-period.”

“Uncertainties are reported as 90% confidence intervals. Individual gross fluxes and their
changes since the beginning of the Industrial Era have typical uncertainties of more than
20%, while their differences are determined from independent measurements with a much
higher accuracy.”

The Gilfillan et al. (2020) data for human carbon emissions show human carbon inflow was 7.8
PgC per year in about 2005 and the accumulated human carbon emissions was 365 PgC in 2010,
agreeing with Fig. # 1 data for the 2000-2009 time-period.

3.2 IPCC’s natural carbon cycle

Fig. # 1 shows annual natural carbon emissions to the atmosphere are 107.2 PgC per year from
the land and 60.7 PgC from the surface ocean for a total of 168 PgC per year.

IPCC’s natural carbon cycle is at equilibrium. Fig. # 1 shows IPCC’s net natural flows between
the reservoirs are near zero, but they must be at net zero to truly be at equilibrium.

Fig. # 2 shows IPCC’s natural net flows set to zero (a 1% adjustment to IPCC’s data) to keep
the IPCC’s reservoir levels constant. The boxes represent reservoirs, and the arrows represent
flows between the reservoirs. The origins of the arrows are “nodes.”

Fig. # 2 uses IPCC’s assumption that the natural level remained constant at 589 PgC (278
ppmv) after 1750. The Land 2500 PgC in Fig. # 2 is the total of averages of Vegetation (550
PgC) and Soils (1950 PgC) in Fig. # 1.

IPCC Natural Carbon Cycle at Equilibrium

1 "2 o 3 o
2500 ¢ 589 [* WY
108 60.4 ( 900 102 | 37,100

Arrows represent flows in PgC per year
Total Natural Carbon = 41,089 PgC

Figure 2. Levels and flows for IPCC’s (2013) natural carbon cycle shown in Figure 1. The boxes represent the reser-

Fig. # 3 shows the percent of natural carbon in each reservoir from Fig. # 2. Only 1.43% of nat-

voirs and arrows represent the flows between the reservoirs.

ural carbon is in the atmosphere and 90% is in the deep ocean.
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IPCC Natural Carbon in 1750 (41089 PgC)

100% 90.29%
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Figure 3. The percent of natural carbon in each reservoir for IPCC’s natural carbon cycle in Figure 2.

The Fig. # 3 reservoir percentages are a fingerprint of the [PCC’s natural carbon cycle at equi-
librium. Since human carbon has the same turnover times as natural carbon, the human carbon
cycle will have this same equilibrium fingerprint. If all human carbon emissions were to stop,
the human carbon percentages would move toward the natural carbon percentages shown in Fig.
#3.

3.3 IPCC’s human carbon cycle

Fig. # 1 shows annual human carbon emissions in 2005 were 7.8 PgC per year and land carbon
emissions were 1.1 PgC per year for a total of 8.8 PgC per year which is 5% of the annual natu-
ral emissions of 168 PgC per year.

Fig. # 4 shows IPCC’s human carbon cycle values in Fig. # 1 for the 2000-2009 time-period.
Fig. # 4 shows human carbon emissions added 365 PgC to the human carbon cycle as of 2010.

IPCC Human Carbon Cycle for 2010

|78

1 F—= 2 |— 3 |, 4

12.7
s (7] s [ 58 e 07 oo
. — — -

0 1] 240 571 o 0 | 155

Arrows represent flows in PgC per year
Total added Human Carbon = 365 PgC

Figure 4. Levels and flows for IPCC’s human carbon cycle shown in Figure 1. The boxes represent the reservoirs
and arrows represent the flows between the reservoirs.
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Fig. # 5 shows the percent of the 365 PgC of human carbon in each reservoir for [IPCC’s human
carbon cycle shown in Fig. # 4. These percentages show 8% of 365 has moved from the land to
the atmosphere to the deep ocean, 66% is in the atmosphere, and 42% is in the ocean.

IPCC Human Carbon in 2010 (365 PgC)
100% 113 ppm = 240 PgC

el 65.75%
60%
42.47%

40%

20%

0.00%
ey
-20% -8.22%
Land Atmos Surface Deep

Figure 5. The percent of human carbon in each reservoir for IPCC’s human carbon cycle in Figure 4.

Ignoring the 8% percent loss in the land carbon, which has large errors and could even be posi-
tive, Fig. # 5 shows the IPCC’s human carbon cycle percentages do not resemble IPCC’s natural
carbon cycle percentages in Fig. # 3.

This difference suggests that [PCC’s human carbon cycle uses different physics than IPCC’s
natural carbon cycle. Rather than calculate a human carbon cycle, the IPCC simply assigned 240
PgC or 66% of the human carbon 365 PgC to the atmosphere based solely on its assumption that
natural CO; remained at 280 ppmv while human carbon caused all the increase in atmospheric
COs. Then the IPCC assigned the remaining human carbon to the deep ocean.

IPCC’s human carbon data in Fig. # 1 are from [PCC’s (2013, p. 486) Table 6.1 “Global an-
thropogenic CO; budget” for the decade 2000 to 2009.

Table 1 shows IPCC’s Table 6.1 with the Row 3 signs reversed to show positive flow from the
atmosphere to the ocean. Positive flux numbers are in the direction of the flux title. IPCC writes,

“Global anthropogenic CO, budget, accumulated since the Industrial Revolution (onset in
1750) and averaged over the 1980s, 1990s, 2000s, as well as the last 10 years until 2011.”

The uncertainty range is for a 90 confidence interval.
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Table 1. IPCC’s (2013, p 486) Table 6.1

IPCC (2013, p 486) Table 6.1. 1750-2011 1980- 1990- 2000- 2002-

Row-3 signs reversed to show Cumulative 1989 1999 2009 2011

positive flow from atmosphere PgC PgC/Year | PgC/Year | PgC/Year | PgC/Year

to surface ocean.

Atmospheric increase 240+10 | 34+02 | 3.1+02 | 40+02 | 43+0.2

Fossil fuel and cement produc- 365+£30 | 55+04 | 64+0.5| 7.8+0.6 | 83£0.7

tion

Atmosphere-to-ocean flux 155+30 | 20+£0.7 | 22+£0.7 | 23+0.7 | 24+£0.7

Land-to-Atmosphere flux 30+£45 |-01+08|-1.1+09|-1.5+09|-1.6+1.0

Net land use change 18080 | 1.4+0.8 | 1.5£08 | 1.1+0.8 | 0.9+£0.8

Residual land sink (inferred) -150+90 | -1.5+1.1(-26+12|-26+12|-25+13

The IPCC calculates the “inferred” values of Residual land sink as follows,

[Residual Land Sink] = [Fossil fuel and cement production] + [Net land-use change] —
[Atmospheric increase] — [Atmosphere-to-Ocean flux]

This formula finds the Cumulative Residual land sink is -150 PgC rather than -160 PgC and
Table 1 corrects this IPCC error.

This paper uses Table 1 values to calculate the effect of IPCC’s net land use change on the hu-
man carbon cycle.

4. Physics model
(The casual reader may skip Section 4 that develops the mathematics for the physics model.)

4.1 Physics model for one reservoir

The physics carbon cycle requires a theoretical base. All models are approximations to reality.
Scientists and engineers define systems to approximate a subset of nature. A system includes
levels and flows between levels. Levels set flows and flows set new levels. The mathematics
used in the physics model are analogous to the mathematics used to describe engineering and
chemical systems.

Fig. # 6 shows the one-level physics model with one outflow for carbon in the atmosphere. The
same model applies to all carbon in any reservoir.

Physics model for one node

::,nﬂow >________B_a_l_a_r_\_<;e__Le_\./§_l _______
sets ﬁ

Level
Balance LEVG' sets
Level Outflow

Figure 6. The physics model for one level and one outflow node.
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Following Berry (2019), the physics model derivation begins with the continuity equation (1)
which says the rate of change of level is the difference between inflow and outflow,

dL / dt = Inflow — Outflow (1)

where,
L = carbon level (PgC)
¢t = time (years)
dL / dt = rate of change of L (PgC / year)
Inflow = carbon inflow (PgC / year)
Outflow = carbon outflow (PgC / year)

When Outflow = Inflow, then dL/dt = 0. The flows continue while the level is constant.
The physics model has only one hypothesis, outflow is proportional to level,

Outflow =L/ T, )
where T.is the “e-time,” so defined because it is an exponential time. Equation (2) shows e-time
Te is the same as IPCC’s turnover time, 7.

E-time is the time for the level to move (1 - 1/e) of the distance from its present level to its bal-
ance level.

Substitute (2) into (1) to get,

dL/dt = Inflow—-L /T, 3)
When dL/dt is zero, the level will be at its balance level, L, defined as,
Ly = Inflow T. )

Substitute (4) for Inflow into (3) to get,
dL/dt=—(L—-Ly)/T. 5)
Equation (4) shows how inflow sets the balance level. Equation (5) shows the level always

moves toward the balance level set by the inflow. The variables L, L, and T, are functions of
time.

In the special case when L, and T, are constant, which means /nflow is constant according to (4),
there is an analytic solution to (5). Rearrange (5) to get,

dL/(L—Ly) =—dt/T. (6)
Then integrate (6) from Ly to L on the left side, and from 0 to ¢ on the right side to get,
Ln[(L—Ly)/ (Lo—Lp)]=—1t/T. (7)

where,
Lo= Level at time zero (¢ = 0)
L= the balance level for a given inflow and 7
T. = time for L to move (1 — 1/e) from L to L,

e=2.7183
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Define half-life, 75, as the time for the level to fall to half its original level. Then (7) becomes,
Ln(172)=-T,/ T (7a)

Ty =T.Ln (2)=0.6931 T. (7b)

The original integration of (6) has two absolute values, but they cancel each other because both
L and L, are always either above or below L.

Raise e to the power of each side of (7), to get the level as a function of time,
L(t) = Ly+ (Lo— Lp) exp(—t/ Te) (8)
Equation (8) is the analytic solution of (5) when L and 7, are constant.
All equations after (2) are deductions from hypothesis (2) and the continuity equation (1).
4.2 Physics model properties

The physics model’s only hypothesis (2) is a linear function of level. This means the physics
model applies independently and in total to human and natural carbon, and independently and in
total to all definitions of carbon or CO; (Berry, 2019).

However, if outflow (2) were a strictly increasing function of level other than level to the power
of one, then the physics model would not apply independently and in total to human CO; and
natural COs.

The superposition principle says for all linear systems,

the net response caused by two or more stimuli is the sum of the responses caused by each
stimulus individually. So, if input A produces response X and input B produces response Y
then input (A + B) produces response (X + Y).

Dalton's law of partial pressures applies to a linear system. It says,

the total pressure in a mixture of non-reacting gases equals the sum of the partial pressures
of the individual gases.

The linear physics model applies independently to human CO,, natural CO,, and their sums, and
to 2C0O,, *CO,, and *CO», and their sums.

Hypothesis (2) shows it is preferable to calculate the natural and human carbon cycles separate-
ly. Just add another instance of the physics model for each carbon definition. Then add the re-
sults of the separate calculations to produce the total carbon cycle.

Hypothesis (2) is compatible with all applicable physical and chemical laws. It is the simplest
hypothesis for carbon cycle models, and it replicates IPCC’s natural carbon cycle.

Harde and Salby (2021) show how carbon isotope data confirms this hypothesis is valid for
carbon dioxide flows out of the atmosphere,

“The exponential decline of anomalous '*CO, establishes that absorption of CO; is deter-
mined, not by extraneous reservoirs of carbon, but autonomously by the atmosphere. Spe-
cifically, the rate at which CO, is absorbed from the atmosphere is directly proportional to
the instantaneous abundance of CO, in the atmosphere.”

This statement supports hypothesis (2). Systems models must calculate outflows as functions of
their levels. That the physics model replicates IPCC’s natural carbon cycle shows there is no
need to talk about uptakes. “Uptakes” cannot form a systems model because “uptakes” are not
functions of their levels.

The physics model allows external processes to change reservoir levels only by changing the
inflows, outflows, or e-times. The physics model includes all effects of external processes
(chemical, biological, etc.) on the level of carbon in a reservoir because IPCC’s natural carbon
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cycle data include these effects.

Equation (5) shows how the level moves toward its balance level with a speed set by the e-time.
When the level equals its balance level, outflow will equal inflow. At the balance level, constant
inflow sets a constant level. Carbon will not accumulate in the reservoir.

The balance level (4) shows that neither human nor natural emissions accumulate in the atmos-
phere beyond their balance level. Constant inflows create constant outflows when the levels are
at their balance levels.

4.3 Physics carbon-cycle model

All the definitions and properties of the physics model for one reservoir apply to the physics
model for multiple reservoirs.

IPCC (2013) carbon cycle has four key carbon reservoirs, e.g., land, atmosphere, surface ocean,
and deep ocean. We apply the physics model to each reservoir and each outflow node. The “lev-
el” of each reservoir is the mass of carbon in each reservoir.

The physics model is not a static mass balance, or a statistical curve fit to data. It is a dynamic
flow model that accurately computes the evolution of levels and flows as functions of time,
based on a given set of initial conditions, which define model outcomes. It may be the first fully
functional mathematical model of IPCC’s carbon cycle. It follows the numerical mathematics
methods of Berry (1967, 1969) and Berry and Reinhardt (1974a, b, ¢, d) to calculate cloud drop-
let growth by stochastic collection.

Fig. # 7 shows the physics carbon cycle model with IPCC’s four reservoirs and six outflows,
where the arrows are all positive numbers. The origin of each arrow is a “node.”

Physics Carbon Cycle Model

lHoz

1 r— 2 > 3 > 4
F
12 F2s Surface e Deep
Land [* Atmos [* Ocean [* = Ocean
F21 Fao Fas

Arrows represent flows in PgC per year

Figure 7. The physics carbon cycle model for IPCC’s carbon cycles.

Define the Levels,
L; = level of carbon in the land
L= level of carbon in the atmosphere
Ls =1level of carbon in the surface ocean

L4 = level of carbon in the deep ocean

Define the individual flows out of the six nodes,

Science of Climate Change 227



Berry: Human CO: in the Atmosphere

F ;= flow from land to atmosphere
F>; = flow from atmosphere to land
F>; =flow from atmosphere to surface ocean
F3; = flow from surface ocean to atmosphere
F34= flow from surface ocean to deep ocean

F 4= flow from deep ocean to surface ocean

Define other variables,
¢ = time in years
Hy; = human carbon flow to atmosphere

H;; = land carbon flow to atmosphere

Using (2), the flows out of the six nodes are,

Fio=L; /T
For =1L/ Ty
Fo3=1L>/Tos
F5=1L;/Ts
Fsy=1L3;/Tsy
Fu=Ls/Tgy

The same equations in terms of e-times are,

Ti=Li/Fu
T2 =L>/ Fa
To; = L>/ Fa3
T5:=L;/F3
T34=1Ls3/F34
Ty =Ls/Fyg

Using (1) and (9), the rate equations for each reservoir are,
dL;/dt =F —Fi2—Hp
dL>/ dt=Fi»—Fo1 + Fs2— Fas + Hox + Hp2
dLs/dt = F»— F3+ Fy3—Fy
dLs/dt = F34— Fy3

The physics model uses (9) and (10) to calculate the natural and the human carbon cycles.
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4.4 RC Network analogy

Fig. # 8 shows the RC network analogy to the physics carbon cycle model shown in Fig. # 7
(suggested by Happer and van Wijngaarden, 2020).

The four capacitors simulate the four reservoirs. The capacitor charge simulates the carbon lev-
els. Charge is proportional to voltage, so voltage represents charge and carbon level.

The resistors simulate the “resistance to flow” between the reservoirs. Reservoir level differ-
ences drive flow. Voltage differentials drive the current between the capacitors, and current,
which is flow of charge, simulates carbon flow.

RC Network Analogy to Carbon Cycle Model
l Vh
Rh
V1

'Y V2 * *
VAV, N\ AVAVY.
R12 R23 R34

:|= Ca Z[: C2 £|: Cs = e

Figure 8. RC Network analogy to Physics carbon cycle model.

Fig. # 8 shows above V> a diode, resistor R, and voltage V4, to simulate the inflow of human
carbon into the atmosphere. The diode prevents reverse flow. To simulate human emissions, set
(Vu—V2) / R. To simulate the land-use effect shown in Fig. # 10, set (Vi1 — V2) / Ria.

The following derivations show how electrical circuit theory uses the physics model hypothesis
2).

The physics model defines the ends of each resistor as “nodes.” Equation (11) shows how the
outflow hypothesis (2) is the same as electrical circuit theory,

Outflow =L/T,=1=V/R=0Q/RC an

where,
1= current outflow
V' = voltage on the capacitor
R = resistance to outflow
QO = charge on the capacitor

C = capacitance

In electrical terms, Ohm’s law requires the net flow between nodes to be,
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Net Fy.=(Vi— Vi) / Rix (12a)
Net_Fjy = F— Fy (12b)

Therefore, the outflow from each node is,
Fye=V;/ Rix (13)

where the resistance between nodes j and £ is bidirectional,

R = Ry (14)

The charge on a capacitor is the analog of the carbon level, L, so

Vi=L;/ G (15)

Substituting (15) into (13), the flow out of each node is,
Fu=L;/Ri C (16)

Comparing (16) to (9) shows the capacitor analogy of T is,

T = R G (17)
Therefore, the nodal flows for the capacitor analogy are the same as the nodal flows for the
physics model (9) when (17) replaces the Ty in (9).
At equilibrium, all V; are equal. Therefore, (15) means,

Li/Ci=Li/Cy (18)

In an electrical RC circuit, the time constant “Tau” is,

Tau (seconds) = C (Farads) * R (Ohms) (19)

The capacitor analogy uses the same equations and data as the physics carbon cycle model.
Therefore, their results will be identical. Perhaps students can build a capacitor model.

4.5 Method of calculation

Set the flows in (9a) to equal IPCC’s equilibrium flows shown in Fig. # 2 (in PgC/Year),
Fi;=L;/T>=108.0
Frr=L/T>,=108.0
Fy=L,/T;3=60.4

(20)
F32 =L3/T32:60.4
F34 :L3/T34: 102.0
F43 = L4/T43 = 1020
Set the levels to equal [IPCC’s equilibrium levels shown in Fig. # 2 (in PgC),
L;=2500
L>=589
21
L; =900
Ly=137,100
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Use (9b) to calculate the nodal e-times and use (17) to equate to RC e-times (in Years),
T12=2500/108 =23.1481 =R, C;
T5,=589/108=5.4537=R;> C;
T53=1589/60.4=9.752 =R C;

T3,=900/60.4 = 14.9007 = R2; C; (22)
T3,=900/102 =8.8235 =Rz, C;
Ty3=37100/102 =363.7255=R3, Cy4
Ty3=37100/102 =363.7255=R3, Cy4

The extended decimal places in (22) are not physically relevant. These decimal places are rele-
vant only to those who wish to check the carbon cycle calculations.

Equation (22) shows the atmosphere has two outflows and two e-times, 7>; = 5.4 years for flow
to land and 753 = 9.8 years for flow to the surface ocean. The outflows (2) add up,

Outflow=L (1 /T +1/T3)=L/3.5 (23a)

We can calculate the same e-time using the total outflow from the atmosphere in Fig. # 2, or

Te=L / Outflow =589 / 168.4 = 3.5 years (23b)

Therefore, the overall e-time for atmospheric CO, for the IPCC (2013) natural carbon cycle is
3.5 years which is less than IPCC’s estimate of about 4 years. Harde and Salby (2021) show this
is a valid approximate e-time for atmospheric *CO..

Happer and van Wijngaarden (2020) used a relaxation method to perform independent calcula-
tions using the equations in this paper and same input data. Their results matched the numerical
calculations of this paper to two decimal places, which, of course, exceeds the accuracy of the
data.

The numerical calculations use annual time steps,

1. Set initial levels.

Calculate nodal flows using (22) and (9a).

Calculate level rates of change using (10).

Multiply level rates of change by time step to get changes of levels.
Add changes of levels to the levels to get new levels.

Repeat for next time step.

AN el

The physics model allows the e-times to change with time. However, all calculations in this
paper keep the (22) and (9a) e-times constant. Ballantyne et al. (2012) found “there is no empir-
ical evidence” that the ability of the land and oceans to absorb atmospheric CO, “has started to
diminish on the global scale.”

Data and Calculations Availability gives links to download the Excel file that includes all the
data, numerical calculations, and plots used in this paper.

5. Physics model results
5.1 The physics human carbon cycle

The physics carbon cycle model correctly simulates IPCC’s natural carbon cycle. Since human
carbon must obey the same physics as natural carbon, the physics carbon cycle model computes
the human carbon cycle using the e-times found in [IPCC’s natural carbon cycle (22).
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These calculations use Gilfillan et al. (2020) data for human carbon emissions from 1750 to
2017, and this paper’s estimates of human emissions for 2018 and 2019.

The physics carbon cycle model hypothesis (2) allows independent calculations of natural and
human carbon cycles. The sum of the human and natural carbon-cycles equals the total carbon
cycle. Therefore, the physics model calculates the human carbon cycle independently.

The calculation begins with the human carbon levels at zero in 1750. Each numerical time step
inserts human carbon and allows carbon to flow between reservoirs.

Fig. # 9 shows how the reservoir levels change with time for human carbon. The purple dashed
line shows the cumulative human carbon inserted into the fast carbon cycle since 1750.

The solid bold line shows the measured atmospheric carbon level above 594 PgC (280 ppmv)
using Etheridge et al. (1996) for Antarctic ice and firn data before 1960 and Keeling et al.
(2001) for measured data thereafter.

Both natural and human carbon contribute to the measured carbon level, but the IPCC assumes
human carbon caused all or most CO; increase above 280 ppmv. However, cumulative human
carbon is greater than measured total carbon only after about 1955. Before 1955, it looks like
natural carbon may have caused part of the increase.

Furthermore, the argument — that because cumulative human carbon exceeds the measured car-
bon level proves human carbon caused all the increase — is not valid because cumulative natural
carbon is much greater than cumulative Auman carbon, and if natural carbon did not flow rapid-
ly out of the atmosphere the measured carbon level would be much greater than the measured
carbon level today. So, that argument omits proper account of the flow of human carbon out of
the atmosphere.

Another invalid argument used to support the [PCC basic assumption is because nature absorbs
human carbon from the atmosphere, therefore nature cannot add carbon to the atmosphere. This
argument neglects the physics model superposition principle that explains why the natural car-
bon cycle is independent of the human carbon cycle.

Human carbon levels
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Figure 9. The dashed lines show the calculated human carbon levels for each reservoir.
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Table 1 shows accumulated “Net Land Use Change” is 180 PgC over 260 years, for an average
0f 0.6923 PgC per year. These calculations use a larger land to atmosphere flow of 1.0 PgC per
year beginning in 1750.

Net land use change of 1.0 PgC per year has almost no effect on atmospheric CO» because this
carbon flows rapidly from the atmosphere to the deep ocean, and it adds no carbon to the carbon
cycle.

Fig. # 10 shows the levels for land carbon.

Fig. # 11 shows the total effect (by adding them up) of human carbon and land carbon. Alt-
hough calculated separately, this combination equals the sum of its two components.

Fig. # 9 and 11 show the total human carbon added to the carbon cycle is well below the meas-
ured atmospheric carbon before 1950, proving that nature has played a major part in the increase
of atmospheric CO, after 1750, according to [IPCC’s data.
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Figure 10. Same as Figure 9 but for Land carbon. Calculations set the land use change carbon flow from land to
atmosphere at 1.0 PgC per year.
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Figure 11. Same as Figure 9 but for all human carbon.

Tables 2, 3, and 4 show the calculated levels of human, land, and total carbon for selected years.
All three calculations are independent, yet the independent values for human carbon in Table 2
and land carbon in Table 3, when summed, equal the total values for human carbon in Table 4.
The levels for 2100 assume emissions of human carbon stop at the end of 2020.

Table 2. Calculated values of human carbon for selected years.

Year L, L, L; Ly Total L> ppmy
1820 0.19 0.08 0.04 0.11 0.21 0.02
1900 5.27 2.49 1.18 2.84 11.78 1.17
2000 | 121.86 44.66 24.03 85.50 276.05 21.07
2010 | 154.35 57.05 2998 | 112.77 354.14 26.91
2020 | 196.10 70.18 37.95 | 147.32 451.55 33.11
2100 | 110.77 21.31 17.14 | 302.33 451.55 10.05
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Table 3. Calculated values of land carbon for selected years.

Year L, L; L3 Ly Total L; ppmvy
1820 -13.02 1.89 1.27 9.87 0.00 1.06
1900 -18.00 1.00 0.83 16.17 0.00 0.47
2000 -20.45 0.56 0.62 19.26 0.00 0.27
2010 -20.58 0.54 0.61 19.43 0.00 0.25
2020 -20.69 0.52 0.60 19.58 0.00 0.24
2100 -21.29 0.41 0.55 20.33 0.00 0.19

Table 4. Calculated values of human carbon and land carbon for selected years.

Year L, L; L3 Ly Total L; ppmv
1820 | -12.82 1.97 1.31 9.98 0.21 1.08
1900 | -12.73 3.49 2.01 19.01 11.78 1.64
2000 | 101.41 45.22 24.65 | 104.76 276.05 21.33
2010 | 133.77 57.59 30.58 | 132.20 354.14 27.16
2020 | 175.41 70.70 38.55 | 166.90 451.55 33.35
2100 89.48 21.72 17.69 | 322.67 451.55 10.25

Table 3 shows the flow of 1.0 PgC of land carbon to the atmosphere flows rapidly to the deep
ocean, leaving little in the atmosphere, and it adds no new carbon to the fast carbon cycle.

Fig. # 12, 13, and 14 show the calculated level percentages for human carbon in Table 4 for the
years 2010, 2020, and 2100, respectively.

Fig. # 12 shows in 2010, 16% of human carbon is in the atmosphere, 38% is in the land, and
37% is in the deep ocean. The percentages are significantly different than IPCC’s (2013) human
carbon cycle shown in Fig. # 5.

Physics Human Carbon in 2010 (354 PgC)

100%

90% 27.2ppm=57.6 PgC

80%

70%

60%

50% 9 o

s 37.77% 37.33%

30%

o 16.26%
0% ——
Land Atmos Surface Deep

Figure 12. Physics model calculation of human carbon percentages in 2010.
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Fig. # 13 for 2020 shows the percentage of human carbon in the atmosphere deep ocean have
decreased while the percentage in the land has increased, while the total carbon has increased
from 354 PgC in 2010 to 452 PgC in 2020. The 33 ppmv of human carbon in the atmosphere
means nature added about 100 ppmv to the 280 ppmv in 1750 to get 413 ppmv.

Fig. # 14 for 2100 shows how fast human carbon in the atmosphere would flow to the deep
ocean if all human emissions were to stop in 2020. The level percentages move toward IPCC’s
natural carbon cycle percentages shown in Fig. # 3.

Physics Human Carbon in 2020 (452 PgC)

100%
90%
80% _
- 33.4 ppm =70.7 PgC
60%

20% 38859 36.96%

40%
15.66%
—

30%
20%
Land Atmos Surface Deep

10%
0%

Figure 13. Physics model calculation of human carbon percentages in 2020.

Physics Human Carbon in 2100 (452 PgC)

100%

T 1 =21.7P
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70%

60%

50%

40%

0% 19.82%

10% 4.81% 3.92%

0% T —
Land Atmos Surface Deep

Figure 14. Physics model calculation of human carbon percentages in 2100 assuming all human carbon emissions
were to stop in 2020.

Fig. # 15 shows the time plot of human carbon in the atmosphere. It peaks at 33 ppmv in 2020
and this level falls rapidly if human carbon emissions were to stop at the end of 2020, showing
human carbon flows rapidly from the atmosphere.
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Figure 15. Physics model calculation of the human CO?2 level from 1900 to 2100 assuming all human CO2 emissions
stop in 2020.

5.2 Values at IPCC'’s extreme error bounds
IPCC (2013, p. 471) Fig. # 6.1 legend says,

“Uncertainties are reported as 90% confidence intervals. Individual gross fluxes and their
changes since the beginning of the Industrial Era have typical uncertainties of more than
20%, while their differences are determined from independent measurements with a much

higher accuracy.”

To find the extreme values for the physics human carbon cycle, adjust the e-times in (22) to
their 20% borders that maximize and minimize the human CO, level. The deep ocean e-time has
little effect on the level of atmospheric CO».

These e-times (years) maximize atmospheric CO; from 33 ppmv to 48 ppmv,

T:2=(2500/108 =23.1481) * 0.67 =1543
T5;=(589 /108 =5.4537) * 1.20 =06.544
T>3=(589/60.4=9.752) * 1.20 =11.70 @9
T3,=1(900/60.4 =14.9007) * 0.67 =9.98
These e-times (years) minimize atmospheric CO; from 33 ppmv to 24 ppmv,
T;2=(2500/108 = 23.1481) * 1.49 =34.49
T5;=(589 /108 = 5.4537) * 0.80 =436 25)
T23=(589/60.4=9.752) * 0.80 =7.80
T3,=1(900/60.4 =14.9007) * 1.49 =22.20

In summary, IPCC’s natural carbon cycle data with 20% error bounds show human CO, has
increased atmospheric CO> by 33 ppmv with a range of 24 ppmv to 48 ppmv, as of 2020. The
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probability of occurrence of the extremes of 24 ppmv and 48 ppmv is small because all e-times
were set to their limits.

5.3 Physics model carbon cycle pulse decay

Fig. # 16 shows how a single pulse of carbon in the atmosphere will flow to the other reservoirs
in 100 years using IPCC’s e-times for natural carbon.

After 10 years, only 15% of the carbon pulse is in the atmosphere. After 100 years, 5% of the
carbon pulse is in the atmosphere, 28% is in the land, and 64% is in the deep ocean. This ap-
proximates the distribution of human carbon in Fig. # 13 for 2020.

The land reservoir is the fastest to accept carbon from the atmosphere. But after 10 years, the
atmosphere level decreased so much that the land reservoir sends its carbon back to the atmos-
phere and thereby to the deep ocean. The land reservoir controls the initial decay of atmospheric
carbon, but the deep ocean controls the final decay.

The atmosphere carbon does not have a constant e-time even though all six flows have constant
e-times. The presence of multiple flow paths can make constant individual e-times appear to be
variable e-times.

Physics pulse decay

Reservoir carbon fraction

0 10 20 30 40 50 60 70 80 90 100
Years

Figure 16. The physics model calculation of how a pulse of carbon in the atmosphere moves through the reservoirs.

5.4 The physics model vs the Bern model

Siegenthaler and Joos (1992) created the original Bern model. They used '“C data to trace the
flow of '*CO, from the atmosphere to the upper ocean and to the deep and interior oceans.
However, they assumed human CO, caused all the increase to analyze their data.

The Bern model is based on IPCC’s assumption that the human CO» causes all the CO, in-
crease. This assumption requires the human CO; e-time to be much larger than ten years. There-
fore, the Bern model prediction is wrong even though its math may be correct.

Joos (2002) calculated a Green’s function for the Bern model. Then he assumed human carbon
enters the atmosphere in sequential annual pulses and the carbon in each pulse flows out of the
atmosphere independently according to his Green’s functions.

To resolve the conflict with data that show e-time is less than 10 years, Joos assumed human
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CO; (but not natural CO,) decreases buffer capacity, which is incorrect because it has added less
than one percent to the carbon in the natural carbon cycle.

To deconstruct Joos’ integral equation, let inflow occur only in the year when # equals zero.
Then the integral disappears, and the Bern model becomes a level equation that depends on its
starting level, L,,

Lt)=Lo[ Ao+ Arexp(—t/Ti)+ Arexp(—t/T>) + Az exp(—t/ T3)] (26)
where,
¢ = time in years
Ly =level of atmospheric CO; in year t =0

L(t) = level of atmospheric CO; in year t

Joos derived these TAR (Third Assessment Report) standard values for the Bern coefficients,
Ap=0.152
A;=0.253
A>=0.279
A;=0.316 27)

T:=171 years

T,=18.0 years

T3=2.57 years

where,

Ap+ A+ A, + A3;=1.000 (28)

In (26), set t equal to infinity to get,

L=AoLy=0.152 Ly (29)
Equation (29), or the first term in (26) with values (27), predicts 15.2% of each one-year inflow
will remain in the atmosphere forever.

For comparison, the (26) Green’s function values for the physics carbon cycle (10) with the
values of (20), (21), and (22) are,

Ap=0.014
A1=0.758
A>=0.122
A3=0.106 (30)

T:=94.9 years
T, =6.67 years
T3 =2.84 years

The physics model 4y in (30) is one-tenth of the Bern model 4y in (27). The Ay in the Green’s
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functions are the equilibrium percentages for atmospheric CO; as shown in Fig. # 17. Thus, the
physics model predicts only 1.4% of human carbon emissions will remain in the atmosphere
forever while the Bern model predicts 15.2%.

Joos et al. (2013) compared the response of atmosphere-ocean models to a pulse emission of
human CO; and found all the models predicted a “substantial fraction” of pulse would remain in
the atmosphere and ocean for millennia. However, all models they compared assumed human
carbon caused all the CO; increase.

Fig. # 17 compares the physics model (9) and (10) with the Bern model (27). The solid lines in
Fig. # 16 and 17 are the same line for the physics pulse decay.

Physics vs Bern pulse decay

0.8 ' - BernModel - Physics Model

e e
e
———— e
e

1#15% Floor

Atmospheric Carbon

0 10 20 30 40 50 60 70 80 90 100
Years

Figure 17. Pulse decay calculations by the physics model using (9) and (10), and the Bern model using (26).

In the Bern model, human CO; decays to 55% in 10 years and to 30% in 100 years and will
never get below 15% because the Bern model’s follows invalid assumption.

In the physics model, human CO; decays to 15% in 10 years and to 5% in 100 years and will
never get below 1.4% because the physics model follows IPCC’s natural carbon cycle data.

6. Discussion
6.1 6"C data show the CO; increase is natural

The above-ground atomic bomb tests in the 1950s and 1960s almost doubled the §'*C in the
atmosphere. 5'*C is the fractionation, age-corrected deviation from the standard
pre-industrial atmospheric '*C concentration (Stuiver and Polach, 1977).

The bomb tests ended in 1963 but it took about seven years for the '*CO, to mix between the
hemispheres and to move from the stratosphere to the troposphere. The "“C data in both hemi-
spheres were virtually identical after 1970 (Turnbull et al., 2017).

Hua et al. (2013) processed §'*C data for both hemispheres from 1954 to 2010. Turnbull et al.
(2017) processed 8'“C data for Wellington, New Zealand, from 1954 to 2014. Their '*C data are
in units of §"*C per mil where the §'*C lower bound of -1000 equals the zero '*C level. The
“natural” §"*C balance level, defined by the average measured level before 1950, is zero.

The physics model is based on hypothesis (2) that Outflow equals Level divided by e-time. All
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physics model curve fits use both an e-time and a balance level.
Fig. # 18 plots these data,

e $'C data (black solid line) and its curve fit after 1970 (black dashed line).
e !¥CR or '*C data relative to the §'*C value in 1970 (blue sawtooth line) and its curve fit.
e '2CO, data in ppmv (red sawtooth line).

Physics model fit to 614C and a 14C ratio
700

600 14C: Lb=203,Te=10.0

814C:Lb=0, Te=16.5

500

400

300

614C, 14C, 12C

200 A~ N TSPemmcseeed

100

0
1955 1965 1975 1985 1995 2005 2015

—d14C ----d14CFit — 14CR ----14CR Fit —12CO2 ppm

Figure 18. 614C data (Turnbull et al., 2017, black line), the physics model fit to 614C (black dashed line), 14CR
(blue sawtooth line), physics model curve fit to 14CR (black dashed line), and 12CO2 ppmv (red line).

Equation (8) for a constant e-time fits the 5'*C data from 1970 to 2014 with a constant e-time of
16.5 years and a balance level of zero (Berry, 2019).
To plot **C on the scale of Fig. # 18, we define “'*CR” that will have the same e-time as '*C.
To calculate "*CR use,
MCR = (8"C + 1000) (*CO,/ *C0O, (1970)) - 1000 3D

Equation (8) fits '“CR from 1970 to 1995 with e-time of 10.0 years and balance level of 203.
Thereafter, '*C is close to its balance level of 203, so it no longer follows its e-time curve.

The physics carbon cycle model has six different e-times. When a level is far from its balance
level the level’s own e-time dominates its return to its balance level and therefore is measurable.
When a level approaches its balance level, other e-times control its path.

IPCC (2007, p. 948, Lifetime) explains why the “adjustment time” will equal the turnover time
when the level is far from its balance level because it is unaffected by other reservoirs. Howev-
er, “when several reservoirs are involved” (i.e., when it is near its balance level) then the ad-
justment time no longer equals the turnover time.

IPCC’s “adjustment time” is not a physical parameter. Rather, it is IPCC’s way to describe how
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a level will approach its balance level in a multiple reservoir system.

Fig. # 18 is similar to Harde and Salby (2021, Figure 3) who also find the e-time for "*CO, is
10.0 years,

“It operates with a single time scale, which reflects the collective absorption by all sinks of
CO:; at the Earth’s surface. The long-term decline of anomalous '*CO> reveals an effective
absorption time of about 10 years.”

The "CO, e-time of 10 years is an upper limit for the '*CO, e-time because the '*CO isotope is
heavier and slower (Van Langenhove, 1986).

The §"C curve is also significant because its return to its original balance level of zero even as
"2C has increased, means the dominant carbon flow into the atmosphere has its 5'*C equal to
zero. This suggests the ocean, not human emissions, is the dominant source of the CO; increase
after 1750.

Andrews (2020) criticisms of Harde (2019) and Berry (2019) are invalid because Andrews
omits that the "“C e-time of 10 years and the §'*C return to zero show nature is the primary
source of the CO; increase.

The physics model, using IPCC’s natural carbon cycle data, calculates that human CO, adds
only 33 ppmv to the atmosphere as of 2020.

However, Salby and Harde (2021) use short-term changes in '“C between 1965 to 1970 to find
the atmospheric CO; e-time is about 1 year rather than 3.5 years as used in the IPCC (2013)
natural carbon cycle.

The physics model can simulate the Salby and Harde shorter e-time by reducing 7>; from 5.45
to 1.56 years and 7»; from 9.75 to 2.79 years (22), to get an overall CO; e-time of 1.0 years
(23a). These revised e-times reduce the calculated human CO; increase from 33 ppmv to 10
ppmv as of 2020.

Quirk (2009) examined *C data and seasonal and hemispherical variations of CO,, to find,

“The constancy of seasonal variations in CO; and the lack of time delays between
the hemispheres suggest that fossil fuel derived CO: is almost totally absorbed
locally in the year it is emitted. This implies that natural variability of the climate
is the prime cause of increasing CO., not the emissions of CO, from the use of
fossil fuels.”

6.2 How nature may have increased its CO: level

The physics model can show how nature may have increased its natural level of CO». To show
how, we can apply the calculation method described in Section 4.5 by setting new e-times and
calculating the result, through the recursive procedure, from 1750 to 2020.

For reference, Table 5 shows IPCC’s natural carbon levels and Table 6 shows the e-times that
keep IPCC’s natural carbon equilibrium levels constant.

Table 5. IPCC'’s natural carbon cycle levels in PgC.

Ly L L; Ly
2500 589 900 37100

Table 6. Physics model e-times in PgC per year that keep IPCC'’s natural carbon levels constant.

T2 T2 T3 Ts; T34 T3
23.15 5.45 9.75 14.90 8.82 363.73
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Table 7 shows changes in T3, and 73 that would increase the natural CO; level by 100 ppmv.

Table 7. How changes in T32 and T43 would increase the natural CO2 level by 100 ppmpv.

T3z T3 Natural CO; | Human CO; | Simulation
level (ppmv) | level
14.90 363.73 277.8 33.11 Equilibrium values
10.45 363.73 377.9 35.03 Desorption in surface ocean
14.90 254.00 3774 33.54 Overturning of deep ocean

If T3, for the °C flow from the surface ocean to the atmosphere decreases from 14.90 to 10.45
PgC per year, the natural level of atmospheric CO; will increase by 100 ppmv, from 277.8
ppmv to 377.9 ppmv, simulating desorption of carbon in the surface ocean.

If T4 for the *C flow from the deep ocean to the surface ocean decreases from 363.73 to 254.00
PgC per year, the natural level of atmospheric CO; will increase by 100 ppmv, from 277.8
ppmv to 377.4 ppmv, simulating overturning of the deep ocean.

These e-time changes have insignificant effect on the calculated level of hAuman CO, because
the percent of human carbon in the ocean is still below its equilibrium levels.

Salby (2012, p. 253) uses data to derive an equation that shows how the rate of change of CO,
level is a function of surface temperature 7Ts. If all other things are constant, the rate of increase
(dL, / dt) in the CO; level equals the rate of increase in the flow F3,. Then Salby’s equation
becomes,

dF3;= 3.5 (ppmv/year /K) dTs (32)
The above reduction of T3, from 14.90 to 10.45 increases the flow F3; by 25.7 PgC per year,
from 60.4 to 86.1 PgC per year.

Using (32), an increased flow F3, of 25.7 PgC per year, or 12.1 ppmv per year, would require a
surface temperature increase of (12.1/3.5)=3.5C.

Salby shows how the increase in Ts since the Little Ice Age in 1650 explains the increase in the
level of atmospheric CO> from 1750 to 2020.

Harde (2017) concluded that natural CO; causes most of the CO, increase above 280 ppmv,

“These results indicate that almost all of the observed change of CO, during the Industrial
Era followed, not from anthropogenic emission, but from changes of natural emission. The
results are consistent with the observed lag of CO, changes behind temperature changes
(Humlum et al., 2013; Salby, 2013), a signature of cause and effect.”

Harde (2017, Figure 3) shows how the CO, level has changed with surface temperature. His
equation (17) is his curve fit to these data.

Fig. # 19, calculated using Harde’s equation (17) and his dates in his Fig. # 3, shows how the
natural CO; level has increased with surface temperature.
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Historical CO2 level as a function of temperature
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Figure 19. Harde (2017, Figure 3) curve fit by to CO2 and surface temperature data.

Kuo et al. (1990) uses time-series analysis to confirm that temperature and atmospheric carbon
dioxide are significantly correlated and found that changes in atmospheric CO; lag temperature
changes by five months.

Fischer et al. (1999) show the CO- increase in Antarctic ice cores increased occurred 600 + 400
years after the warming of the last three deglaciations.

Caillon et al. (2003) show the CO, increase during the Antarctic Termination IIT occurred 800 +
200 years after the Northern Hemisphere deglaciation.

Kouwenberg (2004) shows evidence that temperature controls the CO; level,

“... temperature-driven changes in CO, flux between ocean surface waters and atmosphere
may be invoked as a plausible mechanism to explain at least a substantial part of the
reconstructed CO; variations over the last Millennium.”

Rorsch et al. (2005) conclude the main cause of the CO; increase since 1750 is ocean outgas-
sing.

MacRae (2008) found the rate of change of the CO; level (dL,/dt) correlates with the surface
temperature and thus atmospheric CO; changes lag atmospheric temperature changes by about
nine months.

Humlum et al. (2013) show CO increases do not correlate with human CO, emissions but con-
sistently follow temperature increases by about 9 to 12 months. A correlation of zero between
cause-effect data proves there is no observable cause-effect.

Salby (2013) shows how CO; follows changes in the integral of surface temperature.

Munshi (2015b) found there is no statistically significant correlation between the rate of human
carbon emissions and the rate of change of global surface temperature even using time lags up
to 20 years.

Quirk and Asten (2022) used CO» and 13C data from 1978 to 2017 to conclude that 50% of the
CO; increase comes from the oceans and 50% comes from plants and fossil fuel emissions. If
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fossil fuel and natural plant sources are about equal, then Quirk’s results support the physics
model predictions that about 25% of the increase comes from fossil fuel emissions.

Skrable et al. (2022) conclude from d"*C and §'*C data that the CO, increase after 1750 is due
primarily to increasing net inputs of non-fossil CO; from the oceans due to temperature increas-
es, not anthropogenic COx.

Courtney (2008) concludes that temperature can change carbon desorption from the oceans,

“Qualitative consideration of the carbon cycle suggests the carbon cycle cannot be very
sensitive to relatively small disturbances such as the present anthropogenic emissions of
CO,. However, the system could be quite sensitive to temperature. Indeed, the considera-
tions suggest that the relatively large increase of CO; concentration in the atmosphere in
the twentieth century is likely to have been caused by the increased mean temperature that
preceded it. The main cause may be desorption from the oceans. The observed time lag of
half a century is not surprising.”

“Assessment of this conclusion requires a quantitative model of the carbon cycle, but such
a model cannot be constructed because the rate constants are not known for mechanisms
operating in the carbon cycle.”

Upon reviewing this paper’s Preprint, Courtney (2019) wrote:

“Your "physics model" quantifies the anthropogenic and natural contributions to changes in
atmospheric CO» concentration without need for knowledge of rate constants for individual
mechanisms. This is a breakthrough in understanding which [others] and myself all failed
to make.”

6.3 COVID-19 CO: data suggest the increase is natural

The Global Monitoring Laboratory (2020a, b) asks if the 2020 emissions reductions due to
COVID-19 lowered the CO; level. The following approximate numbers illustrate how to answer
this question.

The physics carbon cycle model calculates that reducing human CO» emissions by 20% in 2020
would reduce the CO; level from 33.5 ppmv in 2020 to 33.1 ppmv in 2021, which is unmeasur-
able, especially when added to an increasing natural CO; level.

However, if human carbon caused all the CO, increase of 133 ppmv, as the [PCC assumes, then
reducing human CO; emissions by 20% would reduce the CO; level from 414.0 ppmv in 2020
to 412.4 ppmv in 2021, according to the physics model. This reduction would be measurable.

The Global Monitoring Laboratory (2020b) data show the COVID-19 decrease in human CO;
did not affect the annual increase in CO,, which contradicts [PCC’s assumption.

6.4 The physics model will help future research

The physics model is a basis for future carbon cycle research. It can include more levels for
land, atmosphere, and oceans to better simulate the carbon cycle. It can be adapted into a pro-
fessional software platform to use monthly time steps and other numerical methods to improve
its calculations.

Conclusions
IPCC’s basic climate change assumption is natural CO; stayed constant after 1750 as human
CO; causes all (or dominates) the increase in atmospheric CO,.

To support its basic assumption, the IPCC claims “The removal of human-emitted CO, from the
atmosphere by natural processes will take a few hundred thousand years (high confidence).” But
the human carbon e-time must equal the natural carbon e-time because human and natural CO,
molecules are identical.
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The '*CO; e-time, derived from §'*C data, is 10.0 years, making the *CO, e-time less than 10
years. The IPCC says the ?CO, e-time is about 4 years and IPCC’s carbon cycle uses 3.5 years.

After the bomb tests, 8'“C returned to its original balance level of zero even as '*CO, increased.
This suggests the added '*CO, came from a natural source.

The physics model calculates, deductively, the consequences of IPCC’s natural carbon cycle
data. The physics model first replicates IPCC’s natural carbon cycle. Then, using the same
IPCC data, it calculates that human carbon has added only 33 [24-48] ppmv to the atmosphere
as of 2020, which means natural carbon has added 100 ppmv. The physics model further calcu-
lates if human CO- emissions had stopped at the end of 2020, the human CO, level of 33 ppmv
would fall to 10 ppmv by 2100.

The IPCC argues the absence of ice-core data — that might show the natural CO, level was
greater than 280 ppmv before 1750 — supports its basic assumption. But the physics model
shows IPCC’s basic assumption, and therefore [IPCC’s ice-core assumption, contradict [PCC’s
natural carbon cycle data.

Data and Calculations Availability

Berry, E.X: BerryCarbonCycle 2021. Excel file that includes all the data and numerical calcula-
tions described in this paper. https://edberry.com/wp-
content/uploads/Climate/BerryCarbonCycle-Atmosphere-2021.xIsx

Open discussion for readers of this paper: https://edberry.com/blog/climate/climate-
physics/the-impact-of-human-co2-on-atmospheric-co2/

Guest editor: Jan-Erik Solheim, Referee: Stein Storlie Bergsmark
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Abstract

Classical mathematicians valued simplicity, settling such complex questions as the irrationality
of \2 by elementary methods. Today, too, refractory problems in pure as well as applied math-
ematics are resoluble by simple, Classical methods. For instance, though the Goldbach, Twin-
Prime and Cousin-Prime Conjectures have withstood proof for 2-3 centuries, they are here
proven by a method two millennia old. Likewise, a simple method shows that most lives lost in
the COVID-19 could have been saved by a staged treatment protocol combining vaccines with
off-label medications each proven to reduce severe outcomes somewhat. Simple mathematics
logically applied also defeat the principal arguments for mitigating global warming — the threat
of dangerously rapid warming and the cost of inaction. After correction of a grave error of phys-
ics that arose in the 1980s, when feedback formulism borrowed from control theory was misun-
derstood, global warming will be small enough to be net-beneficial. It is proven by Classical
simplicity that Western net-zero emissions would mitigate warming undetectably by 2050, at
disproportionate cost. The rational economic choice is to do nothing.
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cousin-prime conjecture; COVID-19; global warming; spinning reserve; freedom equation.
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Introduction: Some paragons of Classical simplicity

Figure 1: a) Callimachus, b) William of Ockham; c) Thales, d) Euclid; e) Aristotle; f) Eratosthenes

Callimachus, the librarian of Alexandria in the early third century BCE (Fig. la), wrote 800
books. Few survive. They were probably short: he is known for his epigram ueya fifiiov ueya
xdxov — the bigger the book the badder. By contrast, the first of three volumes of the Sixth and
latest Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 2021) has
almost 4000 pages.

William of Ockham, the 14™-century Cambridge philosopher (Fig. 1b), is celebrated for his
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simplicity principle: essentia non sunt multiplicanda praeter necessitatem. Where several ex-
planations for a phenomenon compete, the least complicated is generally preferable. The art of
Classical mathematics is not to find the most complex non-solution to a problem but to find the
least complex solution. That straightforward principle may be usefully applied — but is not al-
ways currently applied — to apparently complex questions such as the COVID-19 pandemic and
global warming.

Thales of Miletus (624-545 BCE: fig. 1c), the founder of the scientific method, is known for his
theorem, an elegantly simple proof — here expressed in just two dozen words that will fit on a
beermat (Fig. 2) — that the diameter of a circle subtends a right-angle to any point on the circum-
ference.

Aristotle (384-322 BCE: Fig. 1d), the most influential of polymaths, studied biology, botany,
chemistry, ethics, history, logic, metaphysics, rhetoric, psychology, philosophy of science,
physics, poetics, political theory and zoology. At Plato’s Academy, Aristotle wrote the Topics,
on how to construct one’s own argument, and the Refutations of the Sophists, on how to detect
the dozen commonest logical fallacies in an interlocutor’s argument. From these fallacies, Aris-
totle derived formal logic, in which an argument comprises one or more declarative premises
leading to a conclusion. If the premises properly entail the conclusion, the argument is valid; if
they are all true, it is sound and its conclusion is true. Aristotle codified the art and science of
logic in his Prior and Posterior Analytics.

Kl' hales’ theorem\
Isosceles triangles A, B
form a triangle inscribed
onacircle’s diameter 2r.
Since the angle-sum
2a + 2 = 180°,
any subtended angle

a+ f =90°
- 4

Figure 2: Beermat proof (left) of Thales’ theorem (right)

Following Aristotle’s logical method, Euclid (325-265 BCE: Fig. le) wrote the Elements, in
which each new proposition was logically derived from a few axioms or from earlier proposi-
tions. His proof by contradiction (Proposition 117) that 2 is irrational is elegant in its simplici-

ty. Let , so that Since 2 | p,]and | g} let pp, = p,/2 and ig, = q,/2,
so that i and so ad infinitum. But rational fractions cannot be indefinitely reduced.

Euclid’s beermat proof (Proposition 20) of the infinitude of the primes is also simple. Assume a
greatest  prime Let |P 1% ,p;) and let Since each prime

: € {p1, D2 ...Dn} | Pby definition, pp; + Q] Then [g]is either a prime exceeding fp,] or a compo-
site each of whose prime factors exceeds |p,] so that that |p,/cannot be the greatest prime.

Example: Forln = 4, p, = 7,sothatp =2-3-5-7 =210and P + 1 = 0 =|(211 €P)

Often even the most apparently complex and refractory problems, whether theoretical (such as
the binary Goldbach conjecture in number theory), or practical (such as the COVID-19 pandem-
ic or the climate question), may be usefully addressed by the combined simple mathematics and
logic that were the Classical world’s down-to-Earth gift to us. Each of these three problems will
be subjected to the very simplest approaches: yet robust and reliable results will emerge. One of
the many virtues of Classical simplicity is that results simply derived are not only more com-
prehensible than results derived by complex methods but also less error-prone, more tamper-
proof and likelier to prove sound.

First, the Goldbach conjecture that any composite is the mean of two primes will be proven by
the use of the sieve of Eratosthenes of Syene (Fig. 1f: 275-194 BCE), the polymath librarian of
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Alexandria. Among Eratosthenes’ many contributions to learning was his estimation of the
Earth’s circumference to within by a simple method. He observed that at Syene (today
Aswan), the Sun’s rays fell vertically down a well-shaft on the summer solstice, but that in Al-
exandria on the same day the solar zenith angle was approximately one-fiftieth of a circle

Eratosthenes, who had earlier correctly concluded that the Sun was so large and so distant that
its rays were effectively parallel, thus determined that the Earth’s circumference was 50 times
the distance from Syene to Alexandria. In reality, Syene does not fall exactly on the tropic of
Cancer; it does not lie directly south of Alexandria, but SSE; and the angle subtended to the
Earth’s center by the great-circle arc between the two cities is more like than Eratos-
thenes later revised his estimate to bring it within of the true circumference — a profound
result obtained by a simple method.

By the sieve of Eratosthenes, all multiples of successive primes 2,3,5,... < p, : p2 > 2m — 3
are eliminated from a given sequence of odd integers B < m < 2m — 3| All surviving integers
are primes.

Next, by a simple method the proposition will be evaluated that the COVID-19 pandemic may
be ended by a simple multi-treatment protocol (to be applied only by a doctor) using safe, inex-
pensive and immediately-available pre-existing medications, whether or not accompanied by
vaccination.

Finally, Classically simple approaches will be deployed to address three notions central to the
climate-change narrative: that there is an “expert consensus” on climate change; that unmitigat-
ed anthropogenic warming will be large enough and rapid enough to be catastrophic; and that
the welfare benefit of emissions abatement will exceed the substantial welfare loss. Nothing
more complex than an ability to count and some simple logic will be needed, and yet powerful,
policy-relevant conclusions will be derived. No small advantage of this approach is that even
Western politicians — perhaps less numerate and less scientifically literate today than at any time
since the Dark Ages — may perhaps be able to comprehend the simple arguments that will be set
forth here.

2. Proof of the binary Goldbach conjecture

In 1742, Goldbach suggested the ternary conjecture (proven by Helfgott 2013) that any odd inte-
ger is the sum of three primes. Euler replied stating the binary conjecture (Waring
1770) that any even integer is the sum of two primes. Popper (1963) wrote: “We don’t
know: perhaps we may never know, and perhaps we can never know” its truth. Schnirelman
(1930) showed that any Rmlis the sum of primes. Vinogradov (1937) and Chen Jing Run
(1973) showed that any sufficiently large Rmlis, respectively, the sum of < Jprimes and of a prime
and a composite with prime factors.

2.1 . The method in outline

For any Pm > ¢ all the odd integers 3 < s < 2m — 3| form [g = [m/2 — 1] distinct partitions
l(s1,52}: 51 + s, = 2m) For [p ] the greatest odd prime such that [p2 < 2m — 3} any [s : p, + g is
prime for all primes p, > p, > 3 Partitions [[s,,s,} : 515, are successively eliminated in
descendingorder jx > n > 1 After the final sifting stage the estimated minimum quanti-
ty of survivors [E; = |E, /3| = |q/p, ] cannot exceed the true count [T} Survivors will be Gold-
bach partitions (Isq, s3] both prime). For all 2m : p, =5,

T, > E; = |E2/31 > 1a/py| = |qmin/Px| = | (px — 1)/4] > 0 Since Goldbach partitions also
exist for all Pm : p, = 2,3} they exist for all pm >

Lemma 1: Aninteger s < p2,,Jlacking any prime factor |p,, < p,Jis itself prime.
Proof: For [dthe product of > 2Jprime factors each contrary to the defini-

tion of s.
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2.2 The partition count @for any even integer 2m = 12

For any Pm > 12} Eq. (1) gives the partition count g : 3 < s, < s, < 2m — 3 For any greatest
prime divisor B < p, < od Eq. (2) gives the least and greatest integers 2mpinh 2mmay While
Eq. (3) gives the partition counts m @ such that, by Lemma 1, any odd integer
B <'s < 2m — 3not divisible by any odd prime p,, < p,J will itself be prime. Given the infini-
tude of the primes (Euclid, Prop. 20), continuing ad infinitum will encompass all Ex-
ample: See Table 1.

g =Im/2 - 1]} (D
|2mmin = p)% + 3‘ |qmin = (Mmin — 2)/2 = (pa% - 1)/4’| (2)
|2mmax = p£+1 + 1| |qmax = (Mmax—1)/2 = (p32c+1 - 1)/4‘{ (3)

Remark: For any given g two values of exist. Example: For |g = 16| 2fmmay be |66
with partitions from 3, 63)to [[33,33} or |68 with partitions from {3, 65)to [{33,35}

Table 1. Integers and corresponding partition counts |g,in, Gmax for b < 6|
P @ M 2Mmax Gmax

3 $2+3 =12 (32-1)/4 = 2 5 52+41 =26 (52-1)/4 =6
5 52+3 = 28 (52-1)/4 =6 7 72+1 = 50 (72-1)/4 =12
7 7?2+3 =52 (712-1)/4 =12 | 11 112+1 =122 (112-1)/4 =30
1M1 1M2+3 =124 (112-1)/4 =30 | 13 132+1 =170 (132-1)/4 =42
13 132+3 =172 (132-1)/4 =42 | 17 172+1 =290 (172-1)/4 =72
17 172+3 =292 (172-1)14 =72 | 19 192+1 =362 (192-1)/4 =90

o U A W N @]

2.2 The sieve of Eratosthenes

The sieve is applied [ times, taking each odd prime [p, > p, = p, = 3 in descending order as
the divisor, to eliminate all partitions [{s;, s,} : p, | 51 s4 Where [p,] is not common to both
and [s,} after any sifting the estimated minimum survivors [E,] will be |Ep.1(py — 2)/Dult
will be greater where |p,, | sj and |p, | s, Then, after the final sifting stage, the true Goldbach
count I will be at least equal to

Ey = |Ey (01 — 2) /11| = |E2/3] = 1q/Dx| = |Gmin/Dx| = | (0 — 1) /4] > 0

Example: For jm = 34] |p, = 7| Then the successive prime divisors are 7,5,3
(Table 2). Dispose the odd integers B < s < (2m—3 = 65) in |g = 16| partitions

|{s1, s,tisi+s, = zmjfrom l{3, 65]1‘(0 |{33, 35}l After each sifting, [nz_Eﬂj

Table 2: The Sieve of Eratosthenes applied to 16 partitions [{s,, s,}for jn = 34 = g = 16

st|[3] 8] [7] 9 11 13 15 17 19 21 23 25 27 29 31 33 Survivors
n s2|65 63 61 59 57 55 53 51 49 47 45 43 41 39 37 35|[, > E,
3 px=T7 7 7 7 7 [12>]16(5/7)|[=N
2:p2=5| 5 5 5 5| TH11(3/5|H 6
1:p1=3 3 3 3 3 3 3 3 3 3 3| 216 (1/13)1H 2
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2.2 Relationship between true (T, )|and estimated minimum |(E )|survivors

For all ¢ > 4 = p, > 11| [E; = |E,/3] = |q/p, | possesses certain implicit additional compo-
site-denominated proper fractions, e.g. 7/9 and 13/15 in Egs. (5-6), that are absent from [T3]in Eq.

s £ ““H\]HHH

= De—2pe—4 15 13 1197531J_lq
v p, 2 T IB119753] Ipl ©
qminJ pa%_l >lpx_1J
= > >0 >5 7
E | Py | 4p, 4 | P ™

By the prime number theorem, the fraction of composites among the integers is approxi-

mately [1 — 1/1n (2m), growing with as the fraction [1/1n (2m)| of primes declines. The
composite-denominated fractions in [E;] diminish [E;] compared with ;| Then will tend
to increase for each additional such fraction in [E;|as Im, g, p,Jincrease (Fig. 3).

100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000

14,000 2m
Figure 3: For 4 < 2m < 108 12000 HE s
the estimated minimum quantity 105|m__m=2p
~ }10,000
of Goldbach parti- T,

tions (dotted line), against the true |80

quantities @disposed as a Gold-
bach comet

6000

4000

2000 o e =
e Based on a diagram by Richard Tobin 1

______________

Inclusion of the composite-denominated proper fractions in [, permits the telescoping of [E,|in
Eq. (6) t0 |q/px| = |Gmin/pxl = 0 : p, = §in Eq. (7). Since [y > E; > 0 Goldbach partitions

must exist.

Example:

ke = 10* = p, = 104,743 = Gmin = 2,742,774,012 = E; = |qmin/P«| = 26,185 Af-
ter the penultimate sifting using nested floor functions as in (4-5), [E, = 78,556 After the
lastsifting, [E; = | E»/3] = | gmin/Px] = 26,185} Here, [T; = 18,867,877 > 720E; > O

In (5) as well as in (6), [E; = |q/p.] Proof: For fp, | g} let fr = E, = q/p,J Then, for all Hsuch
that r p, < g < (r + 1), it follows that [E; = r p,. /D, = |q/p| = 1} Example: see Table 3.
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Table 3. Estimated minimum quantity [E,| of survivors for f = 4} b, = 11} [fon [30,42]
( bold)

1 = |E,/3 2 2 2 3 3| (3 @

3 3 3 3 3 3 3 3 3|@©B @

(|30 31 32 33 34 35 36 37 38 39 40 41 42| (4 44) | b, 1 d
s=19q/11] |24 25 26 271 27 28 29 30 31 31 32 33 34| (35) (36)| P
= 18 19 20 21 21 21 22 23 24 24 24 25 26| (27) (28)| 74
= 12 13 14 15 15 15 15 16 17 17 17 17 18| (19) (20)| Bd
= 7 7 8 9 9 9 9 10 10 10 10 10|11 (12| B

i
a/11

s

a

v

7] |

a

= — ] |—
< w| (U] (N
=R | || (&
= < R &
@ =l (| || |[©
o = =] =] =
=

Ol W@ wW| ©
w
w
w
w
w
w
w

7 8 5 4 8 5 5 6 9|7 (7

By (4-5),r, > E,| Forallln : p, > 9 since [E;/in (5-6) is at least asin (7), by (2-3) [E; = |q/p.] is

at least equal t0 | gumin/pe| = |(px — 1)/4] Then Since Goldbach partitions are
also known for alllm:p, =2,3 at least one Goldbach partition exists for any even integer

3. Proof of the twin-prime conjecture

In 1846, de Polignac conjectured an infinitude of consecutive primes differing by any gap
Brun (1919) showed that the sum of the reciprocals of the twin primes (2g = 2) con-
verges to his constant, which Brent (1976) and Nicely (2010ab) derived from the twin primes
k 101 & < 2 x 109 as 1.90216054 and[1.902160583209 respectively. Goldston, Pintz &
Yildirim (2009) proved the conjecture for assuming the Elliot-Halberstam conjecture.
Zhang (2013) showed that, without assumptions, infinitely many consecutive primes differ by

Tao et al. (2014) reduced that gap to Hardy & Wright (1976) wrote that proof
“is at present beyond the resources of mathematics”.

3.1 The method in outline

The pivot s = p, + 1]is the mean of twin primes fp., p, + 23 Since [(p, + 2)2 —p2 = 4p, + 4,
2p, + 2kven integers [§ fall on [p2 + 1, (p, + 2)2 — 1] However, for all o, < p,Jno true pivot

may be congruent to +1 (mod p,) Thus, p2 + 1| & (p, + 2)% — 1] cannot be true pivots, so
that [g = 2p,| After the final sifting by |p, = 3 all survivors are true pivots, so that

T, > E, = q/px = 2p./px = 2

Lemma 2: For any |p, < p,] no candidate pivot [s = +1 (mod p,)l
Proof: Otherwise, either [p, | pJor b, | (py + 2)} so that [§is not the mean of twin primes.

ik

3.2 Analog of the sieve of Eratosthenes

For primes in descending order, all candidate pivots [s = +1 (mod p,,) are elimi-
nated. By Lemmas 1, 2, after the last sifting each surviving pivot necessarily falls between twin
primes. The estimated minimum [E; = q/p, = 2} the telescoped product in Eq. (8), includes
composite-denominated proper fractions not in [13} so that, for p, > 11} [, — E{ will tend to
increase.
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T, >

SE =g~ %2 2 22 _41_Px_, 8
P, 1= 9 119753 p, p, (®)

[px—ZJ iEEl Px—2 97531 q 2p,
q— .. 1RE

Example: Table 4 shows successive eliminations of candidate pivots |s = +1 (mod p,)| for
After all siftings, the two surviving candidates, 138 and 150, are true pivots. Thus,
between and there exist two twin primes, [{137,139Yand [{149,151)

Table 4. Rp, = 2 x 11 = 22|candidate pivots on [[112 + 3,132 — 3): residues
Candidate pivot: | 124 126 128 130 132 134 136 138 140 142 144 146 148

modp,)] H -1+

5 -1+ -1+
H | -1 + -1+ -1+
modp, H B | # -1+ -1+ -1+ -1+

Candidate pivot: | 150 152 154 156 158 160 162 164 166 | T, >  Ej
modp, H 1+ [18H22(9/11) =218
H [ -1+ 12518 (5/9) E10
H B 4+ 4 + | 75103/5)2 6
modp,| E B A # 4 4 + | 286(1/3)2 2

As Table 5 shows, each of the first five twin primes [p,, p, + 2} generates the estimated mini-
mum quantity [E; = g/p, = 2p./p, = 2lof new twin primes on [p2 + 3| [(p, + 2)? — 3] There-
after, composite-denominated fractions in [E; ensure that [, — E,will increase with

Table 5. All twin-prime pivots [Jon [p2 + 3} [(p, + 2)% — 3]} for the first [L0[twin primes

kp,,p.+2) Candidate pivots | New true twin-prime pivots on [[p2 + 3| [, + 2)% — 3]
(.5 1222 12 18
{5,7} 28-46 30 42
{11,13} 124-166 138 150
{17, 19} 292-358 312 348
{29, 31} 844-958 858 882
{41, 43} 1684-1846 1698 1722 1788
{59, 61} 3484-3718 3528 3540 3558 3582 3672
{71, 73} 5044-5326 5100 5232 5280
{101, 103} 10,204-10,606 10,272 10,302 10,332 10,428 10,458 10,500 10,530
{107, 109} 11,452-11,878 11,490 11,550 11,700 11,718 11,778 11,832

The first pair [f3, 5 of twin primes, on its own, generates an infinite series of further twin primes.
On [32 4 3,52 — 3], two new twin primes exist: {11,13}and {{17,19} On [112 + 3,132 — 3]
another two exist: {137,139} and {149, 151} Thenceforth, the composite-denominated factors
in [E]in (8) become influential. On the interval [1372 + 3,1392 — 3] there ar%new twin
primes: the first is [{18,911,18,913} On [18,9112 + 3,18,9132 — 3] there are new twin
primes: the first is [357,626,021, 357,626,023};jand so ad infinitum.

Since the true quantity [T, of new twin primes between the squares of pre-existing twin primes
cannot be fewer than the estimated minimum an infinitude of twin primes exists.

3.3 Visual verification
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The tails of the Goldbach and twin-prime comets (Fig. 4) straighten as expected, as the proper
fractions with denominations close to [p,Jin [T, E;]asymptotically approach unity.

14,000 2m

3 m EA
15| m 21| m S
105|m m=2p

112,000
10,000
8000 T1
6000

4000

L 2000 . o BT S
Based on a diagram by Richard Tobin

100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000

s<r

Composites
Semi-primes |
Primes

Quantity of twin primes {3rs - 4

Strashimir Popvassilev

________ e

Figure 4: Similarity between two comets: Go

4. Proof of the cousin-prime conjecture

The twin-prime conjecture concerns the least

Ildbach (left) and twin-prime (right)

de Polignac prime gap g = 2 The cousin primes,

where Rg = 4 are {fp,, p, + 4} For any ] all odd integers on [p2 + 4, (p, + 4)% — 4] are can-

didate pivots. There are thus Up.,. + Hcandidate pivots. Then the estimated minimum

surviving

after all siftings is | (4p, + 5)/p.| = 4 Here, no true pivot |s = +2 (mod p,) Example: see

Table 6.

Table 6. For candidate pivots on [p2 + 4} |(p, + 4)% — 4] sifted by
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b

53 5 57 59
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6
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6 65 67
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6 11
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7
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7
5

77 79 8 8 8 87 8 9
1 5 1

mo
d7
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d3
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N+ N

N+ N+
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d
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95 97

©o© ©

v

mo +2

d7

mo
d5

mo
d3

+2
2

+ 22

2

+2 +2

2 24533 5/ 7=
23

#2 15 5]23 (3 / 5)[2
13

2 2 -2 5 5113 (11 3)2
4

The first pair [[7, 11} of cousin primes engenders an infinite family of further cousin primes. On

new pairs of cousin primes: the first is [67,71} On

[72 + 4,112 — 4] there are
[672 + 4,712 — 4]/there are [10; the first is

4513,4517} On [45132 + 4,45172 — 4] there are

175 the first is (20,367,433, 20,367,437}

and so ad infinitum.

Since the quantity of new cousin primes on |

[p2 + 4, (py + 4)% — 4] for any @ cannot be fewer

than the estimated minimum
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so that [p,., p, + 4are consecutive primes, there exists an infinitude of cousin primes.

Remark: The general de Polignac conjecture (Guy 1994, p. 19) is not so readily estab-
lished. Though the present method shows, mutatis mutandis, that infinitely many prime
pairs are separated by any given gap g > 2 for Rg > 4 the two primes are not neces-
sarily consecutive.

5. Ending the COVID-19 pandemic by a Classically simple method

Apparently refractory practical as well as theoretical present-day problems may be successfully
addressed by Classically simple methods. The COVID-19 pandemic is an instance. Two years
after SARS-COV?2 first emerged, nearly all governments and most medical practitioners have
deployed only one form of treatment — vaccines. In those countries where take-up has been sig-
nificant, vaccines have greatly reduced severe disease and death. However, the emergence of the
delta and omicron variants after most vaccines had been designed has diminished their efficacy
in inhibiting both infection and transmission. In the largely-vaccinated United States, for in-
stance, in September 2021 daily newly-reported infections were almost thrice, and daily deaths
twice, what they had been in September 2020.

Vaccines are proving to be less efficacious in eradicating the pandemic than had been hoped.
Nevertheless, governments have tended not only to confine their officially-recommended treat-
ment to vaccination alone but also to blame the continuing high hospitalization and death rates
chiefly on the unvaccinated. Compulsion is now widely deployed to ensure greater vaccine take-
up. For instance, the United States administration, almost 200 pages into its 2500-page 2021
budget reconciliation Bill, included a well-concealed provision that would fine any large em-
ployer up to $700,000 for each employee who remained unvaccinated. However, more scientifi-
cally literate and more libertarian administrations, such as the State governments in Uttar Pra-
desh, Bihar and Goa, India, realizing that vaccines were unaffordable and thus not widely avail-
able to them at the outset, sourced and supplied to every infected citizen a treatment pack com-
prising several safe, inexpensive and widely-available pre-existing medications each of which
had proven somewhat efficacious against the pathogen. The program was very successful in
reducing severe outcomes. States using multi-treatment protocols have the lowest fatality rates
in India and among the lowest in the developing countries.

Dr Peter McCullough of Texas is one of many medical practitioners who, having studied the
repurposing of pre-existing medications to prevent and to treat the infection, devised treatment
protocols, similar to those of the Indian States, that would be efficacious even in the unvaccinat-
ed. Dr McCullough’s staged protocol — first prophylaxis and then several stages of treatment
with pre-existing medications before admission to hospital — has reduced morbidity and mortali-
ty in his patients by 85%, an odds ratio Hsimilar to that of vaccination itself. A summary of his
protocol is at Annex A.

Scientifically, then, who is right — illiberal governments and medical practitioners who recom-
mend or compel vaccination as the sole method of containment, despite its shortcomings, or the
minority who recommend not only vaccination but also simultaneous administration of several
pre-existing medications each known to be safe, inexpensive and somewhat efficacious? Thou-
sands of medications are now available, and repurposing them for off-label use has long been
commonplace. In the United States, for instance, a quarter of all prescriptions are for off-label
uses. It would be surprising if none of these medications had any effect on a new pathogen. As
it turns out, several have been shown individually to deliver modest reductions in severe out-
comes when administered against SARS-COV?2.

It is not the objective here to recommend any particular treatment. However, the usual reasons
given by governments and medical practitioners for not recommending sufficiently large doses
of such oft-advocated treatments as intravenous Vitamin C, oral Vitamin D3, zinc and other
dietary supplements, anti-parasitics (such as hydroxychloroquine and ivermectin), steroids, anti-
coagulants and anti-inflammatories are that few of these treatments on its own, though passion-
ately argued for by their supporters, have been shown to reduce the risk of severe outcomes to a
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statistically-significant degree.

The epidemiological rule of thumb in reporting clinical trials is that any reduction of less than
in the risk of severe outcomes — i.e., an odds ratio — is statistically insignificant
except in the very largest and costliest trials. However, suppose that more than one medication
is taken, and suppose also that each medication has, on average, an odds ratio F =0.67—ie.,
that on its own it reduces the risk of severe outcomes by [100(1-0.67) = 33%| A reduction of
just one-third in morbidity and mortality is not on its own statistically significant. However,
combining several safe, inexpensive, readily-available medications allows combination of their
odds ratios. Example: Table 7 gives the odds ratios [, for [ treatments in combination, where
the odds ratio for each individual treatment is

Table 7. Risk reductions and their significance for 1-5 treatments each with an odds ratio 0.67.

Qty. n of treatments 1 2 3 4 5
Odds ratio r, 0.67 0.672=045 067°=0.30 0674=020 0.67°=0.14
Risk reduction d, 100(1 - 100(1 - 100(1 - 100(1 - 100(1 -
% 0.67) 0.45) 0.30) 0.20) 0.14)
= 33% = 55% =70% =80% = 86%
Significant? No Yes Yes Yes Yes

In general, for n treatments with odds ratios Eq. (9) gives the percentage risk reduction
ld,)if a patient takes advantage of all n treatments.
n

d, = 100 (1 - Hrn) =100(1—nrr.ma1m% 9)

=1

The vaccines, on their own, typically exhibit a statistically-significant period mean odds ratio
in the period from double vaccination to some months after receipt of a booster injec-
tion, reducing risk of severe outcomes by a useful [100(1 — 0.3) = 70% Similarly, if there
were just three standard prophylactic medications having statistically-insignificant odds ratios
I, = 0.6} I, = 0.65and j, = 0.7, implying small risk reductions of 40%, 35% and 309 re-
spectively, by Eq. (9) the three treatments combined would reduce morbidity and mortality by
100(1 — ryrors) = 73%

By this method, even those reluctant to be vaccinated would reduce their risk of severe out-
comes by 739 — about the same as if they had received the vaccine — if they were to take three
such non-vaccine treatments in combination. Even though few of those individual treatments,
on their own, would pass the test for statistical significance, in combination the risk reduction
would be similar to or even greater than that of the vaccine itself, eliminating any justification
for the imposition of punitive sanctions upon those reluctant to be vaccinated. Of course, com-
bining the odds ratios for vaccination and the individual treatments would achieve a combined
risk reduction of 100(1 — ryryryrs) = 92% In practice, the risk reduction would be even
greater, since, for instance some studies (see e.g. Borsche et al. 2021) have found that 5000 TU
Vitamin D3 (cholecalciferol) daily, combined with a small dose of Vitamin K2, has on its own
an odds ratio similar to that of the vaccines.

Accordingly, the simple equation (9), readily solvable using nothing more complicated than a
pocket calculator, is all that is required to demonstrate that Dr McCullough and separately gov-
ernments such as those of Uttar Pradesh, Bihar and Goa are right, and that less liberal admin-
istrations such as those of the United States and the United Kingdom are wrong. Pandemics
such as that of COVID-19 may in future be ended not by reliance on a sole method of treatment,
and certainly not by brute force of law, but by simple mathematics logically applied — the very
essence of the Classical approach.
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6. Climate change assessed by Classically simple methods

Figure 5: Fabius the Dodger

Quintus Fabius Maximus Verrucosus (d. 203 BCE: Fig. 5) was a Roman general and statesman
whose strategic delaying tactics deployed against the invading Carthaginian army of Hannibal
earned him the soubriquet cunctator, the Dodger. His brilliantly-executed delaying tactics were
successful enough to earn him the devotion of his nation, so that by the time of his death he had
served as a pontifex for 12 years and an augur for a then-unprecedented 62 years. It will here be
explained why the Fabian strategy of waiting and seeing, rather than acting precipitately and
expensively with the intention of abating future anthropogenic global warming, is the scientifi-
cally and economically rational course.

Our centennial effect on global temperature is thought to be similar to equilibrium doubled-CO,
sensitivity (ECS). IPCC (2021) estimates ECS. The CMIP6 models (Zelinka et al.
2020) predict 3.9 [1.8 to 5.6] K Yet Stern (2006), Murphy (2009) and the deliberately extreme
21%-century emissions scenario predict as much as Many other authorities find
the midrange estimate to be of ordﬁ The estimates of our impact on global temperatures
this century thus range from [ Kto — an order-of-magnitude uncertainty.

As Monckton of Brenchley (2021) demonstrated, an error of physics that arose when climatolo-
gists borrowed feedback formulism from control theory misled then into imagining that ECS
must be approximately 3-4 K. The CMIP6 models (Zelinka et al. 2020) estimate the midrange
doubled-CO, radiative forcing as The product of this forcing and the
Planck sensitivity parameter (Schlesinger 1988) is the direct warming or
reference sensitivity before allowing for the feedback response that constitutes the difference
between reference and equilibrium temperatures. Feedback response is an additional warming
dependent upon and proportional to the reference signal. The principal feedback response is
caused by more water vapor, a greenhouse gas, in warmer air. At midrange, all other feedback
processes self-cancel.

In 1850, before we had any measurable influence on global temperature, the natural greenhouse
effect was [32.5 K| and reference sensitivity to preindustrial noncondensing greenhouse gases
was [7.6 K| All of the [24.9 K|difference was feedback response.

Climatology erroneously takes the system-gain factor as the ratio of equilibrium to reference
sensitivities: 1.e., 32.5/7.6 > 4in 1850. For instance, Lacis et al. (2010) stated that direct warm-
ing represents 259 of the total greenhouse effect, the remaining [75%] being feedback response
to the implying a system-gain factor [100%/25% = 4} Since reference sensitivity to dou-
bled CO:; is little more than 1 K, the implication was that ECS, the product of 1.06 K reference
sensitivity and the system-gain factor, and consequently 21%-century anthropogenic global
warming from all sources, which is approximately equal to ECS, would be of order 4 K.

Similarly, in 2021, based on Zelinka (op. cit.), midrange direct and final warming in the CMIP6

Science of Climate Change 261



Monckton of Brenchley: Classical simplicity

ensemble are [1.05 Kland 3.9 K respectively. By the erroneous current method, then, ECS would
again appear to be of order 4 K.

The corrected method in Monckton of Brenchley (op. cit.) takes the system-gain factor as the
ratio of equilibrium to reference femperatures. Thus, in 1850 the system-gain factor was not
B2.5/7.6 > 4] but [(255.2 + 32.5)/(255.2 + 7.6) < 1.1} implying ECS not of 4 K but of a
harmless and net-beneficial [1.1 K| Feedback processes necessarily respond not merely to refer-
ence sensitivities but to the entire reference temperature, which, in 1850, was the 262.8 K sum
of the 255.2 K emission temperature and the 7.6 K reference sensitivity directly forced by pre-
industrial noncondensing greenhouse gases.

In the 77 years since the end of the Second World War, the global warming rate has indeed been
equivalent to century ' (HadCRUT4: Morice et al. 2012, updated). It is unlikely that the
rate of warming in the rest of this century will greatly exceed that rate, particularly since there
has been no statistically-significant global warming for almost a decade.

Furthermore, given that the entire feedback response to direct warming by preindustrial
noncondensing greenhouse gases was only it is extremely unlikely that the feedback re-
sponse to just direct warming by doubled CO, will be anything like the implicit
in the 3.9 KICMIP6 midrange equilibrium doubled-CO; sensitivity.

However, even a increase in the system-gain factor would increase ECS by (Table
8). Since the uncertainty in feedback strengths exceeds by 1-2 orders of magnitude (Table
9), the corrected method shows that it is not possible to make accurate predictions of global
warming, since any increase in feedback strength amplifies not only reference sensitivity but the
entire reference temperature.

The certainty currently claimed by IPCC for its 3 [1.5, 4.5] K|ECS interval is accordingly

as baseless as all other such predictions. Unfortunately, governmental and intergovernmental
policies are founded upon such predictions: today’s governing class are not Plato’s philosopher-
kings.

Table 8. The impossibility of predicting global warming accurately

System-gain factor and ECS Erroneous method Corrected method

1850 system-gain factor 325/76 4275 287.7/262.7
ECS with 1.06 K reference sensitivity ~ 4.275x1.06 K 45K 1.095x1.06 K
ECS with 1% rise in system-gain factor ~ 4.318 x 1.06 K 45K 1.106(262.7 +1.06) - 287.7

% increase +1% +1% +1% +250%

After correction of climatology’s error, large and dangerous global warming is no longer near-
certain. It remains possible, but is no longer likely, for there is no good reason to suppose that
the feedback regime that obtains today differs at all from that which obtained in 1850.

What is certain, however, is that no individual feedback is directly quantifiable by measurement,
and that current estimates of feedback strengths are manifestly excessive. It is no surprise that
the currently-published uncertainties in the short-term, policy-relevant feedback strengths are
substantial (see e.g. Table 9).

Since the relationship between the feedback sum and the system-gain factor is rectangular-
hyperbolic, so that a small change in the first engenders a large change in the second, the sys-
tem-gain factor, and hence ECS, are among the least well-constrained quantities in the history of
physics.
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Table 9. Estimates of sensitivity-relevant feedbacks based on IPCC (2013, p. 818, table 9.5)
Temperature feedbacks Lower Midrange Upper Timescale

Water vapor feedback i,] (Wm?K™")  +13 +1.6 +1.9 Hours
Lapse rate feedback l,] (Wm?2K™") -1.0 -0.6 -0.2 Hours
Cloud feedback i) (Wm?K™") -04 +0.3 +1.1 Days

Surface albedo feedback i,] (Wm?2K™"')  +0.2 +0.3 +0.4 Years

Feedback sumt = ¥4 (2,)) Wm?K")  +0.1 +1.6 +3.2 Years

Feedback fraction (Unitless)  [+0.0] +0.5 [+1.0]

System-gain factor 4 = 1/(1 — f)  (Unit- [1.0] 2.0 [o=]
less)

There is reasonable confidence that reference doubled-CO- sensitivity (RCS) is of order
but, after correction of climatology’s error, there can be no confidence in any particular value of
the feedback sum, of the system-gain factor or of ECS. Since it is no longer near-certain that
global warming will be large enough to be other than net-beneficial, the question arises whether
it is worthwhile to endure the economic cost of abating greenhouse-gas emissions and mitigat-
ing future global warming at all.

Table 10 shows that only {f W m™ of anthropogenic greenhouse-gas forcing has occurred over
the past 30 years (NOAA AGGI: Butler & Montzka 2020). That forcing increased near-linearly
at [1/30/W m? year ' throughout. Therefore, assuming that all nations were to move in a straight
line from the current emissions trajectory to net-zero by 2050, [0.§ W m? of new emissions
would be abated. IPCC predicts midrange final warming in response to almost f W m>
doubled-CO; forcing. On that basis, the warming abated if all nations on Earth attained net-zero

emissions by 2050 would be only or less than However, after correcting cli-
matology’s control-theoretic error, the warming abated by global net-zero would be just

0.5 X 1.06/4 or little more than

Table 10. Quantum of global warming abated, 2021-2050, and cost of abating warming by

2100
ltem  Source or method IPCC Corrected
30 years’ anthropogenic forcing ~ NOAA AGGI 2020 1Wm=2 1 W m-2
Warming abated by straight line to net-ze;% g%/ 1TWm2/2 0.5Wm-2 0.5Wm-=

Equilibrium-sensitivity parameter  (3Kor1K)/4Wm-  3/4KW-"m? 1/4 KW-' m?
2

Abated by global net-zero emissions, 2021-  1/2 of (3/4 or 1/4) 38K 118 K
2050,
... by Western nations’ net-zero emissions by~ 1/5 of (3/8 K or 1/8 113K 1/40 K
2050, K)
... and by UK net-zero emissions by 2050 ($4.2 1% of (3/8 K or 1/8 11250 K 1/700 K
tn) K)

Cost of mitigating 3 K warming by 2100 $4.2 tn x 3(250 or >$3 qn >$9 aqn

700)
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Western nations alone are obliged to abate greenhouse-gas emissions under the Paris accords:
other high-emitting nations, such as China, India and Russia, have made it clear that they have
no immediate plans for significant abatement. However, the West accounts for only of
new emissions. Therefore, the warming abated, even if the West attained net-zero emissions by
2050, would be only (if climatology were correct about how much warming we may
cause), or just (after correction of climatology’s error).

Each nation’s individual contribution to global-warming reduction would be so minuscule as to
be inconsequential. The UK, for instance, represents little more than 1% of global greenhouse-
gas emissions. If the UK were to attain net-zero emissions by 2050, which is unlikely, she
would succeed in forestalling less than K global warming on the basis of climatology’s
error, or less than [1/700 Khfter correction of that error. In the UK, the first nation to propose
net-zero emissions by 2050, the national electricity grid authority has estimated that the present
value of attaining net zero by 2050 would be $4.2 trillion.

Thus, the cost of abating the currently-predicted global warming by 2100 would be well
above $3| quadrillion before correcting climatology’s error of physics, and 2-3 times that after
correction.

7. The utility of the freedom equation

Classical simplicity may also be applied to questions such as how to maximize the economic
freedom of the members of a given population. Eq. (10), the economic freedom equation, pro-
vides a simple starting-point. Economic freedom |Fis equal to the ratio of the availability |4 of
resources [R to the product of the cost [¢ of those resources and the population [P/to which those
resources are available.

- AR
CP (10)
Most political actions, such as the decision of Western nations to shutter growing numbers of
useful, productive and previously prosperous industries in the name of saving the planet from
imagined (and imaginary) catastrophic global warming, have economic consequences. Those
policies — such as the British government’s decision not to extract or combust any more of the
nation’s substantial coal reserves off the west coast, oil and gas reserves off the north-east coast
or frackable gas reserves under the city of Blackpool. — do not reduce the resources themselves,
but limit or extinguish their availability and increase the cost of alternative energy resources,
consequently reducing the entire population’s economic freedom in accordance with Eq. (10).

The economic damage that has now become evident as a result of ill-founded policies intended
— however piously — to abate CO; emissions and consequently to mitigate global warming re-
quires a more dispassionate and less disproportionate approach on the part of the global classe
politique than has hitherto been evident.

Proponents of net-zero emissions policies act on the assumption that unabated CO, emissions
and unmitigated global warming would cause such violent dislocation of the weather, with so
great an increase in extreme-weather events, as to disrupt all business activities and thereby to
place all resources at risk, increase their cost and reduce their availability, jeopardizing the eco-
nomic freedom of us all.

Underlying that assumption of catastrophe and the net-zero-emissions policies intended to ad-
dress the imagined catastrophe there are several further assumptions, all of them false.

First, it is erroneously assumed that the large warming predicted by climatologists would be
near-certain to occur in the absence of net-zero-emissions policy. In reality, that imagined near-
certainty arises from climatology’s control-theoretic error. After correction, large warming re-
mains possible, but is not at all likely, particularly given that the feedback regime today is prob-
ably as it was in 1850. On present harmless temperature trends, which continue to be little more
than one-third of the originally-predicted midrange warming trend, there is little reason to ex-
pect any substantial or net-harmful acceleration in global warming even in the absence of any
future emissions abatement.
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Secondly, it is erroneously assumed that the exceptionally heavy cost of net-zero policies will
purchase an abatement of CO, emissions sufficient to confer upon the nations implementing
those policies a benefit large enough to outweigh the cost. In reality, that imagined net benefit is
not the result of any recognizable benefit-cost analysis: instead, it is taken for granted that so
serious would be the catastrophe arising from unabated future global warming that no quantum
of economic damage or loss of freedom is unjustifiable. In truth, the cost of inaction is negligi-
ble; the cost of abatement is immense. Since the direct imagined benefit in the shape of global
warming mitigated is infinitesimal, even the most rudimentary benefit-cost analysis would
compellingly suggest that the investment of quadrillions of taxpayers’ dollars in emissions
abatement would be the least cost-effective deployment of public funds in human history.

Thirdly, it is erroneously assumed that net-zero emissions are in practice attainable. However,
by the method currently favored by the global governing elite, net-zero emissions cannot possi-
bly be achieved. The reason is twofold. First, wind and solar power deliver very low energy
density. Accordingly, both the cost and the environmental harms per MWh generated are far
greater than for thermal power generation. Secondly, wind and solar power are vexingly and
irremediably intermittent, requiring costly and elaborate strategies to try to maintain nominal
grid operation at all hours of the day and night. Balancing the grid requires thermal backup of
wind and solar power in the form of spinning reserve. Nuclear and combined-cycle gas generat-
ing sets are not flexible enough to respond within minutes when the wind drops and the Sun
sets. Only single-cycle gas turbines and coal-fired generating sets, supported by pumped-storage
hydroelectric generation in the few places where it is available, have sufficient flexibility. How-
ever, it is necessary that they should be spinning at all times at a sufficient speed to maintain the
grid-nominal cycles per second. That process entails substantial emissions of CO,: so much so
that the unit CO, emissions from thermal spinning reserve per MWh generated by the wind and
solar systems that the spinning reserve supports exceed those from the rest of the grid. Conse-
quently, every additional solar array or wind turbine attached to a grid will counter-intuitively
but necessarily and substantially increase unit grid emissions.

Fourthly, it is assumed that electric road vehicles will reduce emissions compared with the in-
ternal-combustion vehicles they are intended to replace. This assumption is false, not only be-
cause the grid that provides power for the electric vehicles cannot be a zero-emissions grid but
also because the weight of the batteries in electric vehicles adds a costly one-quarter or one-
third to their weight and thus to the energy required to travel a given distance. That is needlessly
wasteful of resources.

It is of course possible to reduce grid emissions by abolishing coal-fired generation altogether,
as the European Union and the United Kingdom have tried to do. However, such a policy has
very heavy costs. Coal-fired generation, at $20-30 per MWh, is about half the unit cost of gas-
fired generation, and less than a quarter of the unit cost of wind or solar generation. The UK
civil service, realizing this fact, devised an ingenious new accounting system that artificially
added the putative “carbon price” of coal to the unit cost, making coal seem far more expensive
than it is. However, after correcting climatology’s error of physics, there subsists no legitimate
basis for any such “carbon price”.

In terms of Eq. (10), then, current zero-emissions policy decreases the availability [4 of energy
resources and greatly increases not only their cost [g but also the cost of all other resources
whose extraction, production, distribution and exchange depends upon affordable energy. The
result is a significant reduction in economic freedom [R Yet there is little or no corresponding
benefit in the shape of global warming abated — even if it were at all desirable to abate the mod-
est global warming that is all we can expect after correcting climatology’s error.

8. The strategic cost of Western net-zero policies

The heaviest cost arising from the abolition of coal-fired power generation is in reducing the
availability [4 of generation species. In the EU, except in France, there are few nuclear generat-
ing sets. Therefore, the only substantial source of power apart from wind and solar is methane
gas, very nearly all of it from Communist-controlled Russia, whose regime has long subsidized
British and European front groups posing as environmental lobbies. These front groups have
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campaigned to tear down the coal-fired power stations and to leave the continent’s substantial
reserves of coal, oil and gas in the ground, the severest possible attack on the availability |4 of
these valuable and vital resources. As a result, the routine cost of gas in Europe is many times
the world price. What is more, during periods of little or no wind and sunshine, the cost of gas
in Europe rises to 200 times the world price, greatly impoverishing the businesses and citizens
of the continent and correspondingly enriching the Russian State apparat. The damaging strate-
gic implications of this policy for the West are surely self-evident.

Worse, Communist China now controls very nearly all the global output of lithium carbonate
and lithium hydroxide. Lithium is the lightest metal capable of serving in batteries for electric
vehicles. The West allowed China to invade and occupy Tibet for its large resources of copper
and lithium, which are now shipped out down the railway from Lhasa to Sinkiang. China assist-
ed the Taliban to exploit the ambivalence of the U.S. Democrats towards totalitarian regimes
and to displace Western forces. Among China’s strategic objectives was that of securing control
of the vast lithium deposits in Afghanistan, which are richer than any other such deposits on
Earth. China has also bought a controlling stake in the UK’s lithium mines, and now holds ei-
ther controlling or placeholder stakes in many other lithium deposits from Africa to Greenland.
Now that Chile has a Communist president, it will not be long before the nation’s large lithium
deposits — the largest not already under Chinese control — will fall into Peking’s hands. Again,
the damaging strategic implications of eradicating internal-combustion transport and placing all
the West’s eggs in Peking’s basket are self-evident.

The intelligence community on both sides of the Atlantic has been sounding warnings about the
concentration of natural gas and lithium supplies in the hands of Moscow and Peking respec-
tively, and about the danger inherent in the West’s policy of shutting down the cheapest and
most abundant competing forms of energy supply. However, the Communists have succeeded in
drowning out such warnings by the simple expedient of unpersoning. This technique, invented
by Goebbels and used by the Nazis to silence all opposition so that they could silently take over
Europe’s most civilized nation, was found by Marshal Zhukov’s invading Red Army in the files
of the Reichspropagandaamt in Mauerstrasse, Berlin, in 1945. Unpersoning is a systematic as-
sault on the reputation of every individual who has proven successful in opposing the Party
Line.

The late Ion Mihai Pacepa, founding head of the Disinformation Directorate of the KGB, estab-
lished the Directorate within one month of the advancing Russians’ discovery of Goebbels’
method of discrediting opponents. The Directorate’s chief task was unpersoning. Pacepa, who
defected to the West in 1978 and provided information that assisted Britain in thwarting the
Communist-led miners’ strike of 1982-3 (an early attempt by Communism to interfere with
Western energy supply), revealed the extent of this technique of unpersoning in his book Dezin-
formatsiya (Pacepa 2015).

British Intelligence investigated the rewriting of more than 2000 Wikipedia biographies of skep-
tical climate researchers by a single Communist with the effect of introducing subtle twists and
falsehoods to unperson their subjects (including the author of the present work). The aim was to
cast them in the least favourable light. The perpetrator of these dishonesties was eventually
tracked down via his membership of a rowing club in a small town in eastern England and, for a
time, he was banned from Wikipedia. Eventually, however, as the Communists tightened their
control of Wikipedia, its co-founder resigned in despair at what he publicly described as Com-
munist infiltration and disruption. The Orwellian oarsman was reinstated and his falsehoods,
many of which had been edited out, reappeared. Too many Western politicians, terrified that
what has happened to all the researchers who have successfully questioned the official narrative
on climate might also happen to them, have found it expedient to drift lazily along with the Par-
ty Line, paying no heed to the extravagant and ultimately unsustainable cost of their destruction
of the West’s energy infrastructure.

9. Conclusion

The power of Classical simplicity is formidable. It can be — and has here been — deployed to
resolve several apparently complex and refractory present-day problems. By a 2200-year-old
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Classical method, the binary Goldbach conjecture, unresolved for 280 years, has been proven in
only two pages. In another two pages, the 175-year-old twin-prime and cousin-prime conjec-
tures are proven. It has also been shown that a single, simple equation, correctly deployed, is
capable of significantly reducing the risk of morbidity and mortality in pandemics such as that
caused by COVID-19. Finally, it is shown that the imagined near-certainty of rapid, significant,
dangerous global warming that has given rise to net-zero-emissions policies sprang from an
elementary control-theoretic error that occurred when climatologists borrowed feedback formu-
lism from control theory without understanding it. That is the curse of interdisciplinary speciali-
zation. In effect, climatologists had forgotten that the Sun was shining and that, therefore, nearly
all of the feedback response that they had attributed to preindustrial noncondensing greenhouse
gases is in reality attributable to the emission temperature that would prevail at the surface in the
absence of any greenhouse gases. Therefore, just as the true feedback response to the preindus-
trial greenhouse gases is a tiny fraction of that which climatologists had imagined, the true
feedback response to any future anthropogenic enrichment of the atmosphere with greenhouse
gases may also prove far smaller than the error had misled climatologists into expecting.

It is also here proven, by the simplest and yet most robust of methods, that the quadrillions that
the unnecessary attainment of net-zero emissions demands would buy practically no abatement
of global warming, and none at all in any policy-relevant timeframe. The extravagant cost of
global-warming policies to the economic freedom of the West is unsustainable. Mitigation strat-
egies inexpensive enough to be affordable are likely to prove ineffective, while strategies costly
enough to be effective will be unaffordable. Though the effect on global temperature from our
futile attempts at emissions abatement will be vanishingly different from zero, we are enriching
the enemies of democracy and transferring our industries and our workers’ jobs to them at great
expense to democracy’s friends — in short, to ourselves. Much of our substance has been ven-
tured: nothing will be gained. The great thinkers of the Classical age who are cited here would
be baffled if they could see how we have failed to learn what they have taught us by their exam-
ple: that one should seek simple solutions first; that we should address today’s problems with
their dispassionate and workmanlike competence; and that, in the words of the Book of Esdras,
“Great is truth, and mighty above all things.”
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Annex A (Dr Peter McCullough)

Early-stages protocol for treating COVID-19 patients
Rationale: Though the UK NHS says, “There is currently no specific treatment for corona-
virus,” the established approach to treating refractory disease — combining treatments each of
which is, on its own, shown to reduce mortality and morbidity somewhat — is applicable to
COVID-19, which can and should be thus treated. Stages 1-3 are reported to reduce hospitaliza-
tions and deaths by ~85%.

Magistral formula: Since Hippocrates, it has been the right and duty of the physician to pro-
vide whatever treatment he considers will be best for his patients, whether or not official guide-
lines recommend for or against it, and whether or not it is off-label. Therefore, consult your
doctor.

Immediate, staged treatment as outlined below is proven efficacious, even in the vaccinated.

Stage 0
Prophylaxis
» Prophylaxis may be recommended to all adult patients with no contra-indications.

Vitamin D3 (cholecalciferol) 125 pg daily. The UK gets 30% less sunlight than Sweden. Some
40% of the UK population are D3-deficient; in non-white populations, 83%. The NICE-
recommended dose, 10 pg daily, is too small to be efficacious:
https://pubmed.ncbi.nlm.nih.gov/32252338/.

Ivermectin 300 pg kg™ in two doses 72 hours apart has been shown to reduce infection by 73%
over the following month. https://pubmed.ncbi.nlm.nih.gov/33592050.

Oral Zinc 220 mg daily was beneficial in 4 patients: https://doi.org/10.1016/].ijid.2020.06.006.
Benefits of zinc against COVID-19 are reviewed at https://doi.org/10.3389/fnut.2020.606398.

Dilute Povidone Iodine mouth-rinse and nasal swab, both twice daily.
Stages 1-3
Treatment

Treatment stages 1-3 of this multi-treatment protocol were developed by Dr Peter McCullough
at Texas A&M University. At https://doi.org/10.1016/j.amjmed.2020.07.003 they are explained
and evidenced. Many papers show the efficacy of each of the recommended treatments.

Immediate action: Upon diagnosis, the sooner the nonzero-stages treatment is commenced, the
more likely it is to be efficacious.
Stage 1

Treatments upon first diagnosis of SARS COV2 infection

Two dangerous responses worse than influenza are exaggerated inflammatory response and
exaggerated coagulation (thrombi in the veins, arteries, lungs and other organs). A combina-
tion of prescription medications is needed to inhibit these dangerous responses.

Antivirals: Vitamin C (3000 mg twice daily) and Vitamin D3 (cholecalciferol: 125 pg twice
daily) with zinc (sulphate or gluconate, 220 mg twice daily), and —

Azithromycin (250 mg twice daily) or Doxycycline (100 mg twice daily), taken with either —

» Hydroxychloroquine (200 mg twice daily: the Lancet study opposing HCQ has been
withdrawn, for HCQ is shown to be more effective than quercetin as a zinc ionophore),
or
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» Ivermectin (6-24 mg, 1-5 doses daily or every 2 days).

Stage 2
3-14 days after diagnosis of COVID-19 infection

Anti-inflammatory corticosteroids added to Stage 1 treatments are nebulized Budesonide (1
mg/2mL) to penetrate the lungs and inhibit inflammation; oral Prednisolone (1 mg kg daily
for 5 days + taper) or Dexamethasone (6 mg daily); Colchicine (0.6 mg daily, which may be
added as an anti-inflammatory); full-strength adult Aspirin 325 mg daily to inhibit inflamma-
tion and coagulation; and a home oxygen concentrator.

Stage 3
7 days and beyond after diagnosis of COVID-19 infection

Additions to stages 1 and 2 medications include low-molecular-weight Heparin injections
or Apixaban (Eliquis) or Rivaroxaban (Xarelto) in standard doses (for 5-30 days).
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Morten Jodal
25.9.1953-9.9.2021

A great organizer and fighter for environment and climate.

Morten Jodal was Chairman of the Board of Norwegian Climate Realists and was the chief-
organizer of the Oslo Conference on Natural Variability and Tolerance. He died suddenly on
September 9, 2021. We have lost a great fighter for the environment and a superb organizer of
our fight against the crazy idea of a catastrophic manmade climate change that threatens humanity.

Morten grew up in a suburban community right outside Oslo, near the big forest area that
surrounds the city. He was always an outdoor person. The sea, forest and mountains were his
home. Already as a student of biology he found a small house in a forest reservation, which he
rented and lived in with his wife — in proper distance from the city life. After retiring from formal
employments, he was self-employed as collector of mushrooms, making extracts and selling at
farmers marked. He also wrote and translated books and guided nature tours.

After finishing his studies, he was commissioned to write plans for a Center for development and
environment at University of Oslo, a job he did so well that he became the first Director of the
Center. Before the EU-referendum in 1994 he worked for WWF and analyzed the difference
between classical environmental protection in EU and in Norway and concluded that EU had far
better protection. From then on, he campaigned for EU-membership, which was not well suited
for the WWF-camp. This shows how Morten let facts guide him — regardless of the views of
authorities or politicians.

The Norwegian Climate Realists organization was established May 15, 2008. Morten was
member of the board from the beginning. In 2012 he gave a talk explaining how nature and
agriculture improved with more CO; in the air. This is opposite of what we are told in media and
by politicians: that CO; is poison and shall be eradicated from this planet. Which of cause

Science of Climate https://doi.org/10.53234/SCC202112/35

271



will kill all life. Morten protested against such indoctrination and started to investigate other
environmental myths. After five years he presented the results in a richly illustrated book,
Environmental Myths — do we Face the World’s Doom? (in Norwegian). The book got excellent
reviews, but no publisher dared to publish it, so the Climate Realists of Norway published it. It
was quickly sold out but bought to all public libraries in Norway.

In the preface of the book, he wrote “The environmental- and climate-debate has forced me to
ask the question: Is the authority the truth or the truth authority?” His conclusion was that we
can learn from nature which laws govern the nature, but we can never govern nature. The nature
is robust. Our planet is dynamic. Always changing. The only way species can survive is to adapt
to changes. This is also true for mankind.

In 2018 he was elected chairman of the Norwegian Climate Realists. He started to reorganize,
hiring professional help to improve the public image. The result was increasing membership. Now
it has more than 1200 paying members.

In 2016 and 2018 the Norwegian Climate Realists participated as organizers in Nordic Climate
conferences in Stockholm and Géteborg, Sweden. In 2019 it was decided to follow up with an
international climate conference in Oslo, with Morten Jadal as the chief-organizer. To the
conference Morten booked the most central conference venue in Oslo with a meeting hall with
seating capacity of 170 persons. We were worried about the size and the cost, but the ever-
optimistic Morten made it into a success with more than 160 participants. He even organized
media coverage, but media were more interested in the gray-haired participants than the message
presented. A follow-up conference was planned in Copenhagen in 2020 but is postponed due to
the Covid19 travel restrictions.

During the years we have witnessed that good science has been rejected from scientific journals.
Editors who accepted papers denying climate crises have been fired, and even a journal (Pattern
Recognition in Physics) was stopped by its owners Copernicus publishing, when some articles
appeared indicating a connection between planetary periods, the Sun, and the climate. It was
therefore decided to start an independent scientific journal — not owned by anyone, and so we did
with Morten Jodal as one of the prime organizers. Luckily, he got to see the first issue of Science
of Climate Change (SCC), just a few days before he died. We also decided that the next Volume
of this journal should contain proceedings from the Oslo-Conference with him as editor. We lost
him before he could start writing, but in SCC Vol. 2.1 the Proceedings will be published,
hopefully as he had wished.

Morten Jodal was also translating climate science books from English to Norwegian. In 2020 he
translated Gregory Wrightstone’s book: Inconvenient Facts, The Science that Al Gore doesn’t
want you to know. When he died, he had just finished a translation of Bjern Lomborg’s book
False Alarm, which was launched in Oslo at the end of October 2021.

His final task was to organize a seminar on the topic Freedom of Speech. This took place in the
Literary House in Oslo, Nov. 22. 2021. Morten had just finished the agreements with the speakers
when he suddenly died.

Morten Jodal was an optimist. He believed in the robustness of nature which has taught species
to survive. A slightly warmer world with more CO,, will be beneficial for all life on the planet
Earth. A cold climate is more difficult than a warm climate. He told us to love nature and respect

its laws.

We lost him too early and will miss him as an inspiring leader, always positive — full of ideas and
plans for future. We will do what we can to follow up his many ideas.
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