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Determination of a solution of the form

0 ( )xx a a x t
•

= + +

0 1( ) btx t Ae k k t= + +

to the differential equation

based on the historical emissions.
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Determination 
of the 
numerical 
parameter 
values based 
on the 
historical data.
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The estimated differential 
equation leads to stability. 

The estimated 
equilibrium is equal 
to the pre-industrial
level.
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differential
equation 
determines
the pre-
industrial
equilibrium 
correctly.
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The differential function is applied to derive four dynamic cases of the global 
CO2 level, from the year 2020 until 2100, conditional on four different 
strategies concerning the development of global CO2 emissions:

i. Emissions continue to increase according to the trend during 1990–2018. 

ii. Emissions stay for ever at the 2020 level.

iii. Emissions are reduced with a linear trend to become zero year 2100. 

iv. Emissions are reduced with a linear trend to become zero year 2050.
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Determination of a prediction model 
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based on the differential equation

and the different emission strategies.
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The different
emission
strategies
give
different future
developments of
the CO2 level
in the atmosphere.

x
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Emissions are reduced with
a linear trend to become 
zero year 2050.

Emissions continue to increase 
according to the trend during 
1990–2018. 



Conclusions 
#1. Now, it is possible to understand the dynamics of the CO2 level of the 
atmosphere, under the influence of global emissions.

#2. A first order differential equation with emission forcing has been able to 
explain the development of the dynamics of the CO2 level in the 
atmosphere, with very high precision. 

#3. The function shows that the CO2 equilibrium level, before the industrial 
revolution, was 280 ppm, which confirms earlier empirical research. 

#4. The model has predicted how the global CO2 level can be dynamically 
changed via different emissions strategies. 
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#2. will now be described in more details. (The complete open access 
article #3. can be studied at any time.) 
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Planet Earth faces the problem of global warming. Recent research on the

dynamics of the CO2 concentration in the atmosphere has shown how

reductions of global industrial emissions of CO2 can solve a large part of the

global warming problem. However, there are more control options available.

Our world is covered by large areas of primary (natural) forests that are

almost not managed at all. They do not contribute very much to the net

absorption of CO2.
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According to FAO, 2020, the world presently has at least

1.11 billion ha of primary forest. In these primary forests,

of particular interest and relevance to the analysis

developed in the later part of this paper, there are

practically no human activities such as forest harvesting.

The forests are almost undisturbed by human industrial

projects and have native forest species and original

ecological processes. In the three countries Brazil, Russian

Federation and Canada, we find 61% of these primary

forests, which represents approximately 677 M ha.



37

Our world
contains
very large
areas of
mixed 
species 
forests
with trees
of different 
sizes. 

By Phil P Harris. - Own work, CC BY-SA 2.5, https://commons.wikimedia.org/w/index.php?curid=717267



38



39



40



41

Parts of these natural forests may be transformed to continuous cover forests,

which mean that the absorption of CO2 increases so that the CO2 level in the

atmosphere can be further reduced. This transformation can be made without

severely damaging the environmental conditions.

The analysis in this paper shows how to define an optimization problem with two

objectives with different weights in the objective function. These objectives are

the economic present value of profits and the utility of the climate.
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Continuous
cover
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FOR y1 = 0 TO 10 STEP 0.1                 (y1 = CCF area expansion per year) 
FOR yt = 10 TO 60 STEP 0.1          (yt = number of years of CCF area expansion)

Determinations of the CO2 differential equation parameters and solutions
from year 2020 until 2100.

Derivations of forestry profits and forest dependent CO2 change during
80 years via the solution to the differential equation.

Selection of the optimal combination of y1 and yt based on the objective
function parameters.

NEXT yt
NEXT y1
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The frontier of optimal
combinations of the 
present value of 
total profits and 
the CO2 level 
in year 2100
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The time path of 
the CO2 level 
(ppm) as a 
function of 
the time of 
area expansion.
(years).

(In all three cases 
in the graph,
the area expansion 
per year is
10 Mha.)
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The analysis shows how the optimal transformation of natural forests to

managed continuous cover forests is affected by the relative weights of the

utility of the climate and of the present value of the profits.

If the relative weight of the utility of the climate increases, the optimal area

of natural forests that should be transformed to managed continuous cover

forests increases.
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If 600 M hectares are transformed during 60 years,

from 2020 until 2080,

then the concentration of CO2 in the atmosphere

can be reduced by 8 ppm until the year 2100.



Conclusions 
#5. Large areas of primary (natural) forests do not contribute very much to 
the net absorption of CO2. They may be transformed to CCF. 

#6. Then, the absorption of CO2 increases and the CO2 level in the 
atmosphere can be reduced. This transformation can be made without 
severely damaging the environmental conditions. 

#7. If the weight of the utility of the climate increases, the optimal area of 
natural forests that should be transformed to CCF increases.

#8. If 600 M hectares are transformed during 60 years, from 2020 until 
2080, the CO2 level in the atmosphere is reduced by 8 ppm year 2100. 
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#5. is illustrated with a few pictures on the following slides. The 
complete open access article can be studied at any time.
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#4. is illustrated with a few pictures on the following slides. The 
complete open access article can be studied at any time.
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65The complete open access article #6. can be studied later.
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