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Abstract 

According to the IPCC’s popular narrative, the man-made emission of CO2 accumulates in the 
atmosphere. A fixed portion stays there, while the rest ends up in land and sea reservoirs. How-
ever, the carbon cycle is not a matter of accumulation, but circulation. Flows are not one-way, but 
two-ways. Accordingly, I depict the carbon cycle as a network of (five) control volumes, symbol-
izing reservoirs, connected by arrows symbolizing flows. I balance the network by solving five 
linear simultaneous equations. This makes it clear that there are two emissions of CO2 to the at-
mosphere: A natural, and a man-made. The natural emission is ten times the man-made. Over the 
industrial era, the natural emission increased three times as much as the man-made. The result is 
that only about 25 percent of the increase in atmospheric CO2 is man-made. It is time to abandon 
the popular narrative and recognize that atmospheric CO2 has increased over the industrial era, 
not because of man-made emissions, but primarily because of the warming. This is not surprising. 
After all, it has been known for a long time that CO2 lags temperature. However, two things are 
surprising: First, that this understanding of the carbon cycle wasn’t established long ago, and 
second, that it is supported only by a small minority of independent scientists. 
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1. Introduction 

I am a long-retired engineer without any training in climate matters. My interest in the carbon 
cycle began about five years ago, provoked by the IPCC’s claim that there is only one emission 
of CO2 to the atmosphere, the man-made. Based on previous work on the nitrogen cycle in Danish 
agriculture, I did Google-research to the point where I understood the carbon cycle of the planet, 
like I understood the nitrogen cycle in agriculture, namely as an input-output model, a matter of 
simultaneous linear equations.  

November 10, 2022, the Science of Climate Change accepted my paper “Less than half of the 
increase in atmospheric CO2 is due to the burning of fossil fuels” on which this presentation is 
based. The paper shows that there is not one, but two sources of CO2. All along, my interest in 
the carbon cycle was nourished by a strong opposition from staunch supporters of the IPCC’s 
popular narrative. I address this opposition, hoping to contribute to bringing an end to the long-
standing CO2 controversy.  
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It should be possible to end it, because the carbon cycle is a matter of elementary linear algebra. 
Thus, we stand on an Archimedean point. The present analysis can be checked and reproduced 
by any bright kid in High School. That is a challenge for supporters of the IPCC’s popular narra-
tive.  

 

2. Understanding the Carbon Cycle  
 

2.1 The carbon cycle 

Carbon on Planet Earth is found in four reservoirs, also referred to as “boxes”, “control volumes” 
or “systems”: Box 1: “Atmosphere”; Box 5: “Fossil fuels”; Box 3: “Biosphere”, the biosphere on 
land, including inland waters, and in the sea. The fourth box, Box 4: “Land and sea”, is of special 
interest. It contains organic matter in soils and sediments – subject to bacterial decay. In addition, 
it contains a (vast) stock of CO2-C dissolved in the sea. Finally, it contains large stocks of carbon 
in the lithosphere, e.g., limestone. These stocks are not further dealt with here, since they are not 
temperature dependent. 

I add a fifth box: Box 2. It is not a physical system. It just serves to add two flows, the natural 
emission and the plant respiration, and forward the sum to the atmosphere, input = output. 

 
Figure 1: The carbon cycle’s flows, reservoirs, and rates of change of stock, e.g., dA/dt. 

 

The photosynthesis, p, is the amount of carbon annually fixed by plants on land and in the sea. 
Annually, it amounts to the equivalent to a quarter of the atmosphere’s stock of carbon, in other 
words, that the residence time of CO2 in the atmosphere is four years.  

The plant respiration is λp, where λ is normally assumed to be about ½. So, while photosynthesis 
removes p from the atmosphere, plant respiration returns about half of it. Plant respiration is both 
an input and an output, a circular flow. 

The natural emission, n, comes from Box 4, i.e., from the decay of organic matter on land, includ-
ing inland waters, and in the sea. 

Finally, f is the man-made emission from fossil fuels burning and cement production.  
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2.2 A simple carbon balance model 

The conservation of carbon equation, the balance equation, applies to each of the five boxes. It 
says that the rate of change of the stock in a box equals input into minus output from that box. 
Consider the atmosphere with a standing carbon stock, A. The rate of change of A, the derivative 
with respect to time, t, is, 

   

   

   

We have five balance equations with five unknowns (data or model output). Within limits, the 
unknowns can be chosen freely. Let Xi,j be the flow from Box i into Box j. In Figure 1, the 
unknowns are shown in red: X4,2 = n; X2,1 = total respiration; X3,4 = biomass production. The 
two remaining unknowns are dL/dt, where L is the carbon stock in Box 4; and dF/dt, where F is 
the carbon stock in Box 5.  

In Figure 2, there are six green variables, flows and rates of change. They are data input. The rate 
of change of stock in Box 2 is zero by definition. In Box 3, it is close to zero. We must enter four 
variables: p, λp, dA/dt, and f. Hence, if we estimate p, the photosynthesis, and the plant respiration 
by setting λ=0.5, provide the rate of change of atmospheric carbon, dA/dt, and finally f from en-
ergy statistics, then the equations are automatically solved by a piece of software developed by 
the author, and the network is balanced as shown in Figure 2.  

The balanced network, the carbon balance, is not a static, but a dynamic balance valid at any point 
of time. First, consider the balance close to the present day. 

 
Figure 2: The carbon balance in GtC/yr, average over the 2010s. Numbers in lower 
right-hand corners of boxes are the rate of change of stock in the box. 

 

The Global Carbon Project (GCP) estimates p = 210 GtC/yr as an average over the 2010s, 120 
GtC/yr on land and 90 GtC/yr in the sea. The man-made emission, f = 9 GtC/yr is fairly accurately 
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known from energy statistics. And finally, dA/dt = 5 GtC/yr, is also fairly accurately known from 
atmospheric CO2 measurements.  

The resulting balanced network for the 2010s is shown in Figure 2. The natural emission is more 
than ten times the man-made. Notice also that the sum of the stock changes is zero, because the 
system is closed, and that the rate of change of stock in Box 4 is the photosynthesis minus the 
total respiration: 210 ‒206 = 4 GtC/yr. 

A balanced network can be established at any point in time, and therefore also at the onset of the 
industrial era, say 1850. At that time, the man-made emission was nearly zero, and the rates of 
change of all stocks were also nearly zero; the system was in a quasi-steady state. So, all it takes 
to establish the balance in 1850, is that we estimate the photosynthesis at that time.  

This is readily done if we accept the hypothesis that the residence time of CO2 in the atmosphere 
is constant, and thus assume that the system behaves like a physical system, e.g., an electric cir-
cuit, Berry (2021). Then, the photosynthesis is proportional to the CO2 concentration, c. With p = 
210 GtC/yr, c = 405 ppm in the 2010s, and c= 280 ppm in 1850, we get p = (280/405)·210= 145 
GtC/yr in 1850. The balanced network is shown in Figure 3. 

 
Figure 3: The carbon balance in GtC/yr, around 1850. 

 

2.3 The reasons for the increase in atmospheric CO2 

Atmospheric CO2 has increased over the industrial era because the natural and the man-made 
emission have increased. The natural emission from 72 GtC/yr in 1850 to 101 GtC/yr in the 2010s, 
the man-made from 0 to 9 GtC/yr. So, we have Δn = 29 GtC/yr and Δf = 9 GtC/yr. The man-made 
increase in proportion to the total (the observed) increase is, 

   

i.e., 25 percent of the increase is man-made, not anywhere near 100 percent as claimed by the 
IPCC. The rest is due to the warming, which has speeded up the rate of decay of organic matter, 
and led to outgassing of CO2 from the sea.  

Using a different approach, and strictly IPCC’s own data, Berry (2021) found the same result. 
The agreement is not surprising, since both of us apply the same governing hypothesis, that the 
residence time of CO2 in the atmosphere is constant. 
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3. Discussion 

Supporters of the IPCC’s popular narrative refuse to accept the idea of the carbon cycle as a 
balanced network. To make their narrative work, they insist that the network in Figure 2 be sim-
plified by aggregating Box 2, 3, and 4 into Box 4: “Land and sea”. The result is shown in Figure 
4. 

 
Figure 4: Opponents’ carbon “cycle” derived from Figure 2 by aggregating 
Box 2, 3, and 4 into Box 4. 

 

This not only eliminates the photosynthesis, the ‘engine’ that drives the carbon cycle. It also cre-
ates a one-way (net) flow of carbon from the atmosphere directly into land and sea reservoirs. 
This makes these reservoirs sinks, which, of course, cannot contribute to any increase in atmos-
pheric CO2. The inevitable conclusion is that only there is only one emission of CO2 to the atmos-
phere: the man-made. 

The problem is that the net flow doesn’t exist. It is not a physical entity, because we cannot sub-
tract two flows. We can add two flows, but subtracting them doesn’t make sense. The net flow is 
not a flow. Instead, it is the rate of change of stock in Box 4.  

The carbon cycle is not a matter of accumulation, but circulation. This simple observation falsifies 
the popular narrative. The challenge is not that it is complicated. For supporters of the popular 
narrative, the challenge is that it is simple.   

 

4. Conclusion 

The IPCC claims that all, or nearly all, of the increase in atmospheric CO2 over the industrial era 
is man-made. The truth is that only about 25 percent is man-made. Climate changes are not man-
made, they are primarily natural.  
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