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Abstract

While many of the points made by Harde (2023) [1] are right, a few points are not right and need
correction. That includes allegations of certain statements of the IPCC they never did or intended
in the way that Harde interpretated.
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1. Introduction.

I was preparing a large comment on the paper by Harde and Salby (2022) [2], but the comment
by Andrews (2023) [3] was published before mine was finished. Most points I was preparing were
already given by Andrews, so I don’t need to repeat them here.

Even if Andrews did mention several items in a simple way, that doesn’t mean that these remarks
are wrong, neither is a more technical explanation right if the reasoning behind it is wrong...

2. The mass balance.

Whatever the CO- sources and sinks in the atmosphere, the carbon mass balance must be closed
at any moment of time. No carbon can created from nothing, no carbon destroyed. Except... '“C
which is created by cosmic rays and destroys itself by radioactive decay. Because that are ex-
tremely small quantities, that doesn’t influence the mass balance of the bulk CO, amounts.

Let us have a look at the mass balance over the past 60+ years since the exact CO, measurements
at Mauna Loa started, together with the South Pole:
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Total human emissions since 1850 - CO2 at Mauna Loa
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Figure 1: calculated human emissions and CO: levels at Mauna Loa over 1850 values.
Human emissions of the Global Carbon Project [4] Mauna Loa data of the NOAA Carbon Tracker [5]

The emissions data are from the Global Carbon Project and compiled into one Excel file by Dave
Burton [4]. The accuracy of the emission data is quite high, as based on fossil fuels sales (taxes!).
Maybe somewhat underestimated, certainly not overestimated. As the Mauna Loa data also are
quite accurate (NOAA Carbon Tracker [5]), the difference between both is also quite accurate.
Thus even without knowing any natural CO; flux on earth, the net result of all natural CO> fluxes
is exactly known within narrow borders.

The figures don’t include land use changes which are more uncertain but simply add to total
human emissions, which means that the net sinks in reality are even larger.

Even if one doesn’t like the ice core CO» data and starts everything in 1960 from zero, accumu-
lated human emissions increased faster than the increase in the atmosphere.

Thus indeed, human emissions do exceed the increase in the atmosphere and the difference must
be absorbed somewhere in nature no matter the distribution over the different reservoirs.

If one looks at the derivatives, that is even more interesting:
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Derivatives of temperatureand CO2
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Figure 2: derivatives of human emissions, CO: increase, absorption and temperature.

The green line is the simple subtraction of the CO: increase in the atmosphere from human emissions and
reflects the net sink capacity by nature. The small purple dent is the influence of Covid on human emis-
sions, hardly of interest. Temperature data are enhanced with a factor 3.5 to show about the same ampli-
tude as for CO:. CO: data from the Global Carbon Project [4] and the NOAA Carbon Tracker [5] and T
data are from HasCRUT4gl via WfT [6].

Except for a few borderline El Nifio years, in all years nature was a net sink for CO..
Obviously, the temperature derivative drives the variability in net sink capacity with a small lag,
with as result that there is a (delayed) correlation between temperature rate of change changes and
COzrate of change changes in the atmosphere.

Also obvious is that the temperature derivative is not the driver for the CO» increase in the atmos-
phere, as there is hardly a slope in the derivative, only a small offset from zero, which gives a
more or less linear increase of temperature in the oceans and atmosphere of about 0.63 K in the
period 1958-2020.

Per Henry's law, that gives a change in dynamic equilibrium between ocean surface and atmos-
phere of less than 10 ppmv CO2 extra in the atmosphere over the full period (see chapter 2.).

On the other hand, human emissions are about twice the increase in the atmosphere and the slope
also is twice as steep as for the increase, leading to a slightly quadratic increasing CO- level in the
atmosphere of about 100 ppmv over the same period. The effect is that the net flux from atmos-
phere into the oceans increased over the full period and that the temperature increase only played
a role in reducing the net CO2 flux from atmosphere into the ocean surface with less than 10%.

This alone is already sufficient to exclude any net contribution from natural sources, even if an
individual CO, input like from all volcanoes on this world doubled or tripled in some year. The
sum of all natural fluxes since 1958 was negative (near) all the time.

As long as the increase of CO; in the atmosphere is less than human emissions, there is zero net
contribution from natural sources and sinks to the increase in the atmosphere.

It doesn’t matter how huge the natural inputs and outputs are: these form a cycle and a cycle has

zero impact on the amounts of CO; in the atmosphere and only the difference between all the
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natural ins and all natural outs together does change the CO, quantity in the atmosphere. That
difference is exactly known from two accurately known variables: human emissions and increase
in the atmosphere.

Only if the increase in the atmosphere gets larger than from human emissions alone, the increase
would be in part caused by natural causes.

The only way that natural fluxes could be the cause of the increase, is when the total natural
emissions and total natural sinks exactly followed human emissions in timing and increase: a
quadruple increase between 1960 and 2000. Only in that case, human emissions would be over-
whelmed by the increased natural cycle. That also would result in a residence time that is ¥4 of
the current one, which is not observed at all. ..

Any theory that results in a substantial net addition of CO2 by the natural cycles violates the
carbon mass balance and therefore is rejected.

2. The misinterpretations of what the IPCC said.

In formula (4a) and (4b) of Harde (2023) [1] implies that the IPCC assumes a fixed airborne
fraction of what remains in the atmosphere from human emissions. As far as I know, the IPCC
never said or implied such assumption. The net sink capacity depends of the extra CO, in the
atmosphere (whatever the source) above equilibrium, not the emissions of one year. The only
reason that the increase in the atmosphere is such a fixed ratio to human emissions is that human
emissions are linearly increasing each year leading to a slightly quadratic accumulation of human
emissions (as mass, not the original molecules!) in the atmosphere and thus of the sink rate. That
gives a rather fixed ratio between accumulated human emissions and increase in the atmosphere.
See the linear trends in Figure 2.

About the allegations of Harde (2023) [1] in his chapter 3.1.: as already said, the [IPCC never said
or implied that the increase in the atmosphere is proportional to human emissions. The increase
in the atmosphere is a matter of emissions minus absorptions. The net effect depends of the total
extra CO; pressure (pCO») in the atmosphere (whatever the cause: human or natural) above the
long-time equilibrium with the oceans surface pCO; per Henry’s law.

The latter influenced by temperature with a modest change: 12-16 ppmv/K (Takahashi et al, 2002
[7]), or about 13 ppmv increase since the LIA. That is all.

For the current (area weighted) average sea surface temperature, the dynamic equilibrium between
oceans and atmosphere would be around 295 ppmv per Henry’s law, not 415 ppmv. The 120 patm
(~ppmv) pCO; difference between the real pCO; in the atmosphere and the oceans pCO, is what
drives net CO, from the atmosphere into the oceans, even when that is a dynamic equilibrium
where lots of CO; are emitted by warm waters in the tropics and absorbed by cool waters near the
poles.

See further Feely et al (2001) [8] for the observed net CO, uptake by the oceans for the reference
year 1995.

About the allegations in chapter 3.2: as far as I know, the IPCC never made a differentiation
between natural and human CO; for any physical process.

Neither did they assume a constant natural cycle: the graphs provided by the IPCC show an in-
creasing natural cycle, also caused by human emissions, e.g. thanks to more vegetation... See the
IPCC carbon cycle graph (2013) [9].

The crux of the matter is in chapter 3.3: the Bern model and other models do not assume that the
different reservoirs absorb CO; in series, they assume that the sinks work in parallel, with the
fastest process leading. That is clearly shown by Peter Dietze (1997) [10] on the blog of the late
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John Daly and the later discussion between Peter Dietze and Fortunat Joos, inventor of the Bern
model, and several others also on the blog of the late John Daly (2001) [11].

The main error of the Bern model is that it assumes a saturation of all reservoirs, which is true
only for the ocean surface layer but by far not for vegetation (maximum uptake around 1500
ppmv) and absolutely not for the deep oceans, which are far from saturated, but have a limited
exchange rate with the atmosphere via the sinking polar waters.

From reference [8] by Feely e.a.:

"The pCO: in surface seawater is known to vary geographically and seasonally over a range
between about 150 uatm and 750 uatm, or about 60% below and 100% above the current [note:
reference year 1995] atmospheric pCO: level of about 370 uatm.”

As the deep ocean waters are fed with the sinking cold ocean waters near the poles with about
150 patm pCO2, the deep oceans are and remain by far undersaturated for CO,, even if they are
slightly warmer (4-5°C) than the sinking polar waters (still less than 200 patm pCO,).

A recent paper by Seltzer, Alan, et al (2023) [12] also shows an undersaturation of noble gases in
the deep oceans, due to the slow air-ocean gas transfer at the sink places.

Compared to the enormous amount of CO2 and derivatives in the deep oceans (about 37,000 PgC
according to the IPCC [9]), the total human contribution since the start of the industrial revolution
is about 1% of the total inorganic carbon species in the deep oceans. Once in equilibrium, that
would give an increase of only 3 ppmv CO2 in the atmosphere, but that needs a lot of time because
of the limited exchange rate between deep oceans and atmosphere...

Where it goes completely wrong is in:
,, The direct absorption time of CO: is therefore equal to its residence time

That is absolutely not the case. It is the same error that (too) many made in the past and present:
the residence time is how fast CO> in the atmosphere is exchanged with CO; from other reservoirs
but that has zero impact on the total amount of CO: in the atmosphere.

The only way extra CO, above the dynamic equilibrium can be removed out of the atmosphere is
by the difference in total inputs and total outputs and that is a much slower process: about 50
years e-fold time as observed over the past 60+ years.

That needs a lot of explanation and that will be for another paper, as many others, from Segalstad
(1998) [13] via Berry (2019) [14] to formula (2.1) in Salby and Harde (2022) [2] all made the
same error by confusing the residence time with the relaxation time, the latter is the time needed
to remove any excess CO; (from whatever cause) above the long-time dynamic equilibrium out
of the atmosphere.

Conclusion

Too many misinterpretations of what the IPCC said by Hermann Harde and still promoting alter-
natives for the human caused CO- increase in the atmosphere which violate the carbon mass bal-
ance. ..

Funding:

No funding was received to write this comment.

Science of Climate Change https://doi.org/10.53234/SCC202301/26
111



Ferdinand Engelbeen: Comment on Harde (2023)

Debate-Editor:
Olav M. Kvalheim

Acknowledgements:

The author thanks the Debate-Editor for the positive remarks to clarify several items with more
background information.

References

[1] Harde, Hermann, Understanding Increasing Atmospheric CO;, Science of Climate Change,
Vol. 3.1, pages 46-67 (2023):
https://doi.org/10.53234/SCC202301/23

[2] Salby, M. and Harde, H., Theory of Increasing Greenhouse Gases, Science of Climate
Change, vol. 2, no. 3, pages 212-238 (2022):
https://doi.org/10.53234/SCC202212/17

[3] Andrews, David, E., Clear Thinking About Atmospheric CO,, Science of Climate Change,
Vol. 3.1, pages 33-45 (2023):
https://doi.org/10.53234/SCC202301/20

[4] https://www.globalcarbonproject.org/
Compiled into one Excel file by Dave Burton at:
https://sealevel.info/carbon/global.1751 2021.ems13.xlsx

[5] Carbon tracker at the NOAA website:
https://gml.noaa.gov/dv/iadv/

[6] Global temperatures according to HadCRUT4gl via WAT:
https://www.woodfortrees.org/plot/hadcrut4gl/from:1960/compress:12/derivative:3.5/scale:3.5

[7] Formula of Takahashi to calculate the change in ocean surface pCO, with temperature:

Jln pCO,/0T=0.0423/K or around 4%/K, based on ten thousands of sea surface water samples.
Takahashi, Taro, et al, Global sea—air CO; flux based on climatological surface ocean pCO;, and
seasonal biological and temperature effects, Topical Studies on Oceanography, Volume 49, Is-
sues 9-10, 2002, Pages 1601-1622.

https://www.sciencedirect.com/science/article /abs/pii/S0967064502000036

[8] Feely, Richard A.; Sabine, Christopher L.; Takahashi Taro; Wanninkhof, Rick: Uptake and
Storage of Carbon Dioxide in the Ocean: The Global CO; Survey, Oceanography, 14(4), 18-32
(2001).

https://www.pmel.noaa.gov/pubs/outstand/feel233 1/exchange.shtml and following pages

Or directly to the graph:

https://www.pmel.noaa.gov/pubs/outstand/feel2331/mean.shtml

[9] https://www.researchgate.net/figure/Simplified-schematic-of-the-global-carbon-cycle-IPCC-
2013-Numbers-represent-carbon_figd 281185559

[10] Dietze, Peter, Little Warming with new Global Carbon Cycle Model, on the blog of he late
John Daly (1997):

http://www.john-daly.com/carbon.htm
Science of Climate Change https://doi.org/10.53234/SCC202301/26

112




Ferdinand Engelbeen: Comment on Harde (2023)

[11] Discussion between Peter Dietze and Fortunat Joos and several others about the Bern model
and Dietze’s model about the extra CO» decay out of he atmosphere on the late John Daly’s blog
(2001):

http://www.john-daly.com/dietze/cmodcalD.htm

[12] Seltzer, Alan, et al, Dissolved gases in the deep North Atlantic track ocean ventilation pro-
cesses, PNAS Vol 120, No. 11 (2023):
https://www.pnas.org/doi/10.1073/pnas.2217946120

[13] Segalstad, Tom, V,. Carbon cycle modelling and the residence time of natural and anthro-
pogenic atmospheric CO,: on the construction of the "Greenhouse Effect Global Warming"
dogma, at pages 13-14. Printed in: Bate, R. (Ed.): “Global Warming: The Continuing Debate",
European Science and Environment Forum (ESEF), Cambridge, England (ISBN 0-9527734-2-2),
pages 184-219 (1998).

https://www.co2web.info/ESEF3VO2.pdf

[14] Berry, Edwin, X., Human CO: Emissions Have Little Effect on Atmospheric CO,, Internati-
onal Journal of Atmospheric and Oceanic Sciences, Volume 3, Issue 1, Pages: 13-26 (2019).
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=298&doi=10.11648/].i-
ja0s.20190301.13

Science of Climate Change https://doi.org/10.53234/SCC202301/26
113



