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Introduction
To model annual global carbon dynamics from data [1] (in the 

part Historical CO2 budget in the file Global Carbon Budget) we 
applied wave equations with variable amplitude and period of 
oscillations. The world has a lot of data by year. It is known [2], for 
example, that «European forests are intensively exploited for wood 
products, yet they also form a sink for carbon. … Encouragingly, 
the environmental conditions in combination with the type of 
silviculture that has been developed over the past 50 years can 
efficiently sequester carbon on timescales of decades, while 
maintaining forests that meet the demand for wood». This and 
other articles apply linear or reducible equations to linear forms 
«The aim of Paris Agreement is `holding the increase in global 
average temperature to well below 2 0C above pre-industrial levels 
and pursuing efforts to limit the temperature increase to 1.5 0C. 
The Parties also undertook to achieve this goal by reducing net 
emissions `to achieve a balance between anthropogenic sources 
and removals by sinks of greenhouse gases in the second half 
of this century’, and hence implicitly not by geo-engineering 
planetary albedo. Under what conditions is this goal geophysically 
feasible» [3]. 

We believe that one of the conditions is to identify stable 
patterns from the accumulated statistical data. And these laws 
allow you to better understand the past and predict certain 
possible behaviors of people who make decisions. At the same 
time, our method of identification of the General wavelet equation  

 
(solitary wave) from the measured statistical data will allow to 
Supplement and clarify the climate mitigation scenarios up to 
2100, described in the article [3]. Another condition will be the 
identification of the scenarios themselves by their quantitative 
data on the possibility of their reliability. Only those scenarios for 
which the wave equations of high adequacy will be obtained will 
be reliable [8-14].

According to the article it is known that “If CO2 continues to 
rise further into the twenty-third century, then the associated 
large increase in radiative forcing, and how the Earth system 
would respond, would likely be without geological precedent in 
the last half a billion years” [4]. Climate change has been studied 
here for 420 thousand years. Then all revealed by the past 
statistical data can be grouped and given on the basis of their 
analysis plausible scenarios of future behavior of people on our 
planet. However, even in this article, although the dynamics shows 
clearly wave changes, only trends are given in the form of linear 
equations. Our method to identify important primary factors and 
not their derivatives (estimated). Therefore, the indices proposed 
in [5] can be used only in assessing the adequacy of the identified 
wave patterns, but not before their detection. In the article [6], 
on the basis of the analysis of growth of eight tree species it was 
revealed that due to global warming in Western Europe there is a 
slowdown in forest increment. But we noticed that the quadratic 
equations are applied, the parameters of which do not have 
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physical sense. In our articles on dendrochronology [12,13] and 
other examples, for example, in the study of a set of genes [14], the 
same wave patterns are obtained.

The carbon budget depends largely on the scenarios of 
greenhouse gas changes, which are considered in article [7] up 
to 2300. In the future, factor analysis of all quantitative scenarios 
can be carried out to characterize the relationships between 

individual factors. The method of identification of the generalized 
wavelet is also used here.

Source data
The Global Carbon Budget 2017 is a collaborative effort of 

the global carbon cycle science community coordinated by the 
Global Carbon Project [1]. The symbols of the parameters from 
the Table 1: 

Table 1: Data from Global Carbon Budget [1].

Year

Time, years fossil fuel
and industry

land-use change
emissions

atmospheric
growth

ocean
sink

land
sink

budget
imbalance

t fiC
leC agC osC lsC biC

1959 0 2.45 1.77 2.04 0.77 0.98 0.44

1960 1 2.57 1.64 1.51 0.78 1.81 0.11

1961 2 2.58 1.57 1.65 0.65 1.02 0.83

1962 3 2.69 1.53 1.19 0.75 1.62 0.66

1963 4 2.83 1.47 1.21 0.88 1.03 1.19

… … … … … … … …

2012 53 9.67 1.38 5.05 2.38 2.08 1.54

2013 54 9.77 1.41 5.17 2.42 3.20 0.39

2014 55 9.85 1.38 4.24 2.51 3.66 0.82

2015 56 9.83 1.52 6.23 2.57 1.50 1.05

2016 57 9.88 1.27 6.04 2.61 2.73 -0.23

t - Time in years since the initial data were recorded [1], 0t =
for 1959; 

fiC - Emissions from fossil fuel combustion and industrial 
processes (uncertainty of ±5% for a ± 1 sigma confidence level);

leC - Emissions from land-use change (uncertainty of ±0.7 
GtC/yr);

agC  -The atmospheric CO2 growth rate (variable uncertainty 
around 0.2 GtC/yr from 1980) is estimated directly from 
atmospheric CO2 concentration measurements, NOAA/ESRL

osC - The ocean sink (uncertainty of ±0.5 GtC/yr) is estimated 
from the average of several global ocean biogeochemistry models 
that reproduce the observed mean ocean sink of the 1990s; 

lsC - The land sink (uncertainty of ±0.9 GtC/yr on average) was 
estimated from the average of several dynamic global vegetation 
models that reproduce the observed mean total land sink of the 
1990s;

biC - The budget imbalance is the sum of emissions (fossil fuel 
and industry + land-use change) minus (atmospheric growth + 
ocean sink + land sink); it is a measure of our imperfect data and 
understanding of the contemporary carbon cycle.

Identification method
The modeling concept on statistical selections: Statistical 

selection – this multiple-factor numerical field issued in the form 
of tabular model. This definition it significantly differs from tables 
of statistical researches as only numerical selections are applied 
to modeling [8-11]. And optional all cages of the table have to 
be the filled numbers. However, cages have to have quantitative, 
uniform on the accepted set of factors, values. Thus, the tabular 
model optional has heuristic explanations. As a rule, authors of 
measurements, providing in the publications results of researches 
in the form of tables of data, as a rule, yield incorrect substantial 
interpretation. Therefore, it is necessary to provide in publications 
primary data of measurements, instead of transformed by results 
of application of classical mathematical statistics data.

This phenomenon of formalization is connected with that the 
table of results of measurements even if it is made by authors 
correctly, can’t be substantially comprehended without carrying 
out the factorial analysis (in article it isn’t provided) with 
mathematical modeling of communications between couples 
of factors for identification of binary communications. Then 
primary there is a tabular model (an initial numerical field) which 
is estimated on an error of measurements, and secondary - the 
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required difficult algebraic equation (in the sense of Descartes), 
made of invariants (that is Hilbert’s bricks). Primary data 
invariant in relation to different models. We called this process of 
identification – statistical identification. The antiderivative in the 
form of the unknown integrated equation becomes not necessary 
though, maybe, someone and will manage to receive integrals 
on our models. It would be great creation, as well as Maxwell’s 
general equations for electromagnetism.

Determined model: Generally not the wave determined 
model (for example, a trend or a tendency) contains the sum of 
two biotechnical laws and receives a type of the equation

21 òòò óóy += , )exp( 42
311

aa
ò xaxaó −= , )exp( 86

752
aa

ò xaxaó −= ,  (1)

Where,

òy  – a trend (tendency) of a dependent factor (indicator), 

x  – an explaining variable, 

81...aa  – parameters of the generalized model (1).

Not the wave nature of the general model (1) gets in two cases:

•	 when a step of discretization of measurements too big 
in comparison with the period of oscillatory indignation 
of measured real process (for example, the impulse of the 
electrocardiogram demands amplitude registration through 
everyone 0,001 c);

•	 when the interval of process of measurements is small 
in comparison with a half-cycle of oscillatory indignation 
of the measured indicator (for example, change of global 
average annual temperature in one point of Earth demands 
registration for 1000 years and more).

Asymmetric wavelet: We adhere to Descartes’s concept 
about need application of the algebraic equation of a general view 
directly as final mathematical solution of the unknown differential 
or integrated equations. For such generalization the new class of 
wave functions was offered. To conditions of physical existence of 
the phenomena and processes asymmetric wavelet-function of a 
look most fully satisfies
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Where,

y  – an indicator (a dependent factor),

i  – number of the making model (2), 

m  – number of members in model (2), 

x  – the explaining variable (the influencing factor), 

101...aa  – the parameters accepting numerical values during 
structural and parametrical identification of model (2).

In most cases for identification of steady biotechnical 
regularities, because of rather low accuracy of tabular models, 
the truncated design (on the formula of the period enclosed in 
trigonometric function or fluctuation frequencies) asymmetric 
wavelet type is sufficient
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The number m  of members in our examples up to 120 or 
more. For example, change of relative atomic mass of chemical 
elements depending on serial number in D. I. Mendeleev’s table 
received model with 92 members.

Dynamic range as a series of signals: Physics and 
Mathematics approach involves understanding dynamic range 
as a reflection of some composite process or multiple series and 
parallel occurring natural and/or natural and anthropogenic real 
processes. For the first time it was succeeded to receive models 
of many types of series of dynamics on the concept of additive 
decomposition of any dynamic row on a set of signals.

The signal is a material data carrier. And information is 
understood by us as an interaction measure. The signal can be 
generated, but its reception isn’t obligatory. So, for example, a 
number of prime numbers is known some thousands of years, but 
its essence as sets of signals still wasn’t opened [5]. Any physical 
process or its part can be a signal. It turns out that change of a set 
of unknown signals is known long ago, for example, through ranks 
of hydrometeorological measurements in many points of a planet. 
However still there are no statistical models of dynamics of global 
temperature and other parameters of earth’s environment. 

Then we can write down any equation of type (3) as a look 
wavelet-signal

)/cos( 8iiii apxAy −= π , )exp( 42
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ii a
i

a
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65 += ,  (4)

Where,

iA  – amplitude (half) of a wavelet (axis y ), 

ip  – a half-cycle of fluctuation (axis x ).

The concept of a wavelet signal allows to abstract from 
physical sense of statistical ranks of measurements (generally not 
only dynamic ranks) and to consider their additive decomposition 
on separate components in a look wavelets. First, the factors were 
ranked in descending order of the correlation coefficient from the 
global influence according to the two-term trends of dynamics:

•	 Fossil fuel and industry 0.9933; 

•	 Ocean’s 0.9820; 

•	 Land-uses 0.8476; 

•	 Atmospheric emission 0.7179; 

•	 Lands 0.4995; 

•	 Carbon budget imbalance 0.3779. 

Dynamics of fossil fuels and industry

On the computational capabilities of the software environment 
CurveExpert-1.40 only the first four components are identified 
together (Figure 1). A total of 28 members of the General model 
were obtained (Table 2).
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Figure 1: Graphs of the first four members of the general model (4) dynamics of fossil fuels and industry: S - dispersion; r - correlation 
coefficient.

Table 2: Parameters (4) dynamics of fossil fuels and industry.

Number

i

Wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π
Correl.
coeff.

r
Amplitude (half) of oscillation Half-period fluctuations Shift

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8

1 2.25433 0 0.00010687 2.67940 0 0 0 0

0.9988
2 0.18542 0.97160 0 0 0 0 0 0

3 -6.92632e-8 4.12795 0 0 14.06653 0 0 -4.17495

4 -0.18470 0.014835 0.00014825 2.32197 9.97725 -0.0026634 1.70646 2.17367

5 -0.0036031 1.17929 0.077517 0.99812 40.20140 -0.44217 0.98845 -1.75828 0.1129

6 -1.92442e-5 3.97100 0.17625 0.94966 4.85915 -0.00020244 1.92239 3.77783 0.7724

7 0.093775 0 0.032399 1 3.28831 0.00017281 1 -0.052515 0.5472

8 -5.80011e-5 1.85877 0.010232 1 2.77437 0 0 0 0.4004

9 0.0026318 1.15291 0.081862 0.78620 1.31974 0.00087643 1.34560 2.25585 0.5064

10 -7.00634e-5 4.12667 0.38053 0.91190 1.37610 0.0089241 1.05092 0.52953 0.4573

11 -0.00034020 1.22344 0.0077809 1 1.18695 0.0073923 1.00072 1.15366 0.3472

12 3.27693e-36 26.76358 0.50586 1.00607 0.86151 0.0029501 1.06182 2.83963 0.5469

13 0.093505 0 0.69015 1 583856.8 0 0 -0.059166 0.4857

14 -0.026447 0.61618 0.10652 1 3.16625 -0.014091 1 0.89577 0.5783

15 -1.78236e-8 3.44199 0 0 3.72487 0.0019215 0.99767 -0.12423 0.2490

16 -2.46726e-13 10.54530 0.084269 1.42975 1.01676 0.0020019 1.20407 4.35458 0.4901

17 -9.99901e-9 5.89986 0.15567 1.05376 3.21723 -0.0074124 0.90405 -1.59090 0.4683

18 -1.71515e-6 2.60339 0.032267 0.99447 2.86029 -0.0073571 1.00219 -1.28086 0.2633

19 3.48542e-13 6.49858 0 0 1.41081 -0.0037022 0.99836 6.04676 0.8207

20 0.0035078 0.84128 0.072977 0.97519 6.65771 -0.0074603 1.07608 0.57599 0.6915

21 -0.0042226 2.10386 0.46047 1 0.97163 -0.00036044 1 0.25947 0.6041

22 0.00053127 1.70136 0.19984 0.91007 3.13936 0.036471 0.86097 -1.14509 0.4103
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23 3.83737e-6 2.38882 0.052366 0.98911 2.22967 -0.0056133 1.00508 -3.37025 0.4045

24 5.19637e-7 2.97766 0.041091 1.09931 1.39640 0.00087430 1.03045 -1.12853 0.3506

25 3.17426e-7 2.35747 0 0 9.47318 0.00072897 1 1.35702 0.2903

26 4.10836e-5 1.11186 0.010058 0.98118 7.85378 0.13104 1.01314 0.43603 0.2479

27 0.00013311 1.37563 0.073487 0.97731 1.71331 -0.0012402 0.99543 -1.37723 0.3709

28 -1.02099e-6 3.30992 0.083316 1.07366 1.02642 0.00036540 1.07480 -1.30066 0.5060

The correlation coefficient of the trend is 0.9933, and with 
the addition of two wavelets, the adequacy increases to 0.9988. 
The first term of the trend in table 2 is the law of exponential loss 
(the Laplace law modified by us) and it characterizes the natural 
process. According to it, if there was no humanity, there would be 
a sharp reduction of carbon from fossil fuels and industry. The 
second term of the trend and subsequent fluctuations, as a rule, 
show an anthropogenic impact on the dynamics of the indicator. 
The second term is changed according to the law of exponential 
growth and has no inhibition yet. In climate mitigation scenarios, 
first of all, it is necessary to determine the measures for braking, 
including the amplitude and the law of exponential death, and 
then the complete exclusion of the second component from the 
dynamics of this factor. 

With the correlation coefficient 0.9843 the dynamics of the 
factor is shown by the equation of the form

1.241842.85699 0045175 .fiC t= +  (5)

Thus, the main trend is indicative of the law of the 
anthropogenic influence intensity of growth 1.24184 that much 
more 1. Table 2 shows that due to the action of the first member 
of the natural decline, the intensity of the exponential growth is 
0.97160, which is slightly less than 1. This means there is little 
inhibition to further growth of fossil fuel dynamics and industry. 

The first and second wavelets in Figure 1 have a negative sign 
in Table 2, so the fluctuations are a crisis for carbon growth due 
to the influence of fossil fuel and industry. The first oscillation 
occurs with a constant half-life of 14.06653 (or a period of about 

28 years). Apparently, this growing fluctuation shows the desire 
of mankind to resist the anthropogenic growth of fossil fuels and 
industry. Such positive (with a negative sign) for mankind wavelets 
in Table 2, there are 13. Their amplitude-frequency response will 
need to pay close attention. 

An interesting situation is emerging: according to the latest 
chart in Figure 1, humanity is trying to resist the growth trend 
with two crisis wavelets (for the influence of fuel and industry). As 
a result, it can be seen that the overall schedule of four members 
from 2017 may decrease and therefore the indicative forecast is 
to reduce carbon with further increase in fossil fuel production 
and industry development. Then the only alternative to progress 
is the transition to waste-free combustion of fossil fuels and the 
development of waste-free industry technologies. 

Dynamics of changes from the ocean
If the previous changes were completely anthropogenic (only 

people do it), the influence of the ocean belong to the natural 
processes (Figure 2, Table 3). Unfortunately, the global carbon 
budget from the influence of the ocean only grows according to 
the law of exponential growth (the first natural member of the 
trend). In 1959 and 2016, according to Table 1, the parameter 
values were equal to: 2.45fiC = and 9.88; 0.77osC =  and 2.61. 
Then we get that the increase in the values of the two factors for 
57 years occurred, respectively, in 4.03 and 3.38 times. The share 
of influence of the oceans from fossil fuel and industry equal 31.43 
and 26.42%. Thus, the rate and share of carbon growth from the 
ocean is lower than that of carbon from fossil fuels and industry.

Table 3: Settings (4) from the influence of the ocean.

Number
i

Wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π
Correl. 
coeff.

rAmplitude (half) of oscillation Half-period fluctuations Shift 

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8
1 0.76082 0 -0.066088 0.71576 0 0 0 0

0.9906
2 2.00388e-10 7.38363 0.0022662 2.22237 0 0 0 0

3 0.0076107 9.53520 10.19844 0.31831 5.42792 0 0 1.18460

4 -0.11108 1.83180 0.43215 1 6.46964 -0.16429 0.99597 0.67821

5 -1.10592e-52 45.38536 1.25005 1 0.81319 0.021154 0.99718 3.10739 0.5732

6 2.68548e-71 48.46780 0.0061603 2.17381 2.09734 0 0 2.58270 0.5532

7 0.00040311 1.24892 0 0 7.45714 0.00032774 2.18113 0.058487 0.4842

8 0.00068254 4.67150 1.17632 0.71101 1.46940 0.0010955 1.89552 -2.31226 0.5844
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9 -1.17028e-18 19.84241 1.07794 0.98387 0.31766 0.016081 0.99149 5.05319 0.6561

10 3.81621e-14 10.00485 0.23931 1.00584 0.87868 0.0047537 1.01549 5.60366 0.4179

11 8.91417e-5 1.83206 0.041434 0.99909 1.29911 0.0036793 1.00214 4.47699 0.3504

12 3.00038 17.52232 0.38837 1.00974 0.88082 0.0022955 1.01252 6.01246 0.6794

13 3.20303e-5 10.29474 2.02055 0.99959 0.99364 0.0011684 1.04759 2.62088 0.3031

14 1.44222 1.92372 2.44360 1 2.33552 -0.10476 1 0.14319 0.4757

15 4.36396e-5 2.91521 1.47864 1.00364 13.69047 0.20334 1.01592 2.47339 0.4217

16 6.61055e-5 1.90130 0.053038 0.98548 4.09032 -9.36715e-5 1.31096 -0.026181 0.4606

17 -0.0016536 0.29693 0.013180 0.8449 5.75245 0.0032907 1.02479 -2.14289 0.2251

18 0.00063357 2.60066 0.27101 0.99292 2.90141 -0.0024042 1.25204 -1.28344 0.5237

19 -0.00017599 1.80372 0.079927 0.98655 1.49248 0.0054707 1.00281 2.34642 0.5101

20 -2.24908e-6 2.38218 0.045251 0.99088 7.33499 0.036751 1.02680 -0.42741 0.1869

21 -5.91777e-5 1.77740 0.054324 0.98713 1.43288 -0.0022030 0.99768 -1.69497 0.4037

22 4.67234e-5 2.34317 0.12393 0.97416 1.13075 3.07144e-5 1 -0.66281 0.3581

23 0.00087521 0.58483 0.14945 0.47899 1.91291 0.00054628 1.48821 3.82078 0.3067

24 2.14725e-9 5.35795 0.088723 1.05721 3.23136 -0.0014091 1.07499 4.56662 0.8327

25 -3.31010e-6 2.26689 0.032124 1.02100 1.45966 -0.00060453 1.01177 1.22794 0.5826

Figure 2: Graphs of the first four members of the general model (4) dynamics of changes from ocean influence.

Only one natural component of the influence from the ocean is 

( )0.467830.62851exp 0.20677 .osC t=  (6)

If there were no other 24 members of the general model in 
Table 3, the correlation coefficient (6) is 0.9748. The first four 
member give value 0.9906. Thus, the introduction of wavelets gives 

a decrease in the activity of the exponential growth in 0.20677 / 
0.066088 ≈  3.13 times, thus increases the intensity of exponential 
growth in 0.71576 / 0.46783 ≈  1.53 times. Accounting for the 
oscillatory perturbations provides the opportunity to examine 
any changes in wave dynamics. At the same time we accept the 
concept of oscillatory adaptation of the Universe, and hence the 
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wave dynamics of natural and anthropogenic processes on Earth. 
The graphs in Figure 2 show that the second wavelet has long been 
a history and was completed by 1979. And the first oscillation still 
continues to operate, apparently, ending by 2040. So, it is possible 
to perform all the wavelets, leaving to predict only those that 
continue in time in the future. The fourth member (the second 
wavelet) received a negative sign and there are 8 of 25 such in 
Table 3. The seventh term, having the amplitude according to the 
exponential law, becomes the most dangerous for the influence of 
the ocean. 

Dynamics of changes from land use
Arable land is the most affected by land-use changes. However, 

the data [1] seems to take into account the average impact of any 
type of land use. The graphs in Figure 3 show that for the first 
20 years from 1959 to 1979, the dynamics of the global carbon 
budget from the impact of land use decreased. At the same time, 
there is a gradual change in the factor until 1999. And then there 
is a transition to a strong oscillatory perturbation with the growth 
of the influence of land use. This factor moved to tremor. Table 
4 shows the model parameters (4) for the 18 members of the 
general model. 

Figure 3: Graphs of the first four members of the general model (4) land-use change dynamics.

Table 4: Parameters (4) from the impact of land use.

Number
i

Wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π Correl. 
coeff.

r
Amplitude (half) of oscillation Half-period fluctuations Shift 

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8
1 1.72595 0 0.051260 1.27861 0 0 0 0

0.9580
2 0.16944 2.03874 1.62568 0.33074 0 0 0 0

3 -0.011668 0.82623 0.014487 1.13669 6.23753 0.54279 0.51897 1.07416

4 -2.92856e-115 91.93776 1.95926 1 20.85435 -0.15460 1.12752 -1.67725

5 -5.65128e-42 31.09611 0.50365 1.03519 2.23211 -0.0059005 1.06785 -5.81057 0.8165

6 4.79475e-21 14.87566 0.28968 1.00050 1.07506 0.00023991 0.99550 -0.80572 0.6700

7 3.46775e-19 9.86965 0 0 3.39265 0.0093780 0.99962 -0.56903 0.5700

8 0.00023010 1.71942 0.060859 1.02359 5.15755 0.030161 1.02767 0.40020 0.3680

9 0.034415 0 0.094052 1 0.82136 0.90463 0.29410 -0.29356 0.5548

10 -0.010362 0 0.089973 1 2.93071 0.70271 0.75309 2.42184 0.1855

11 -0.0042260 1.95478 0.39455 1.03250 2.09656 0 0 0 0.2278

12 5.38940e-9 5.53281 1.09482 1.09935 2.77203 0.0048203 1.00253 -0.63009 0.3011

13 4.87238e-5 1.39202 0.032874 0.91397 3.95031 0.0021007 1.09430 0.96446 0.1476
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14 1.39339e-9 4.19642 0 0 2.04369 -0.00010264 1.37833 2.52105 0.6736

15 -6.01794e-6 3.52824 0.15778 1.01268 1.77006 0.00089307 0.98873 2.91841 0.4570

16 9.11100e-9 5.57523 0.13686 1.06835 1.45236 -0.00099375 0.99038 3.39986 0.5269

17 4.72176e-7 3.59936 0.091014 1.00542 1.19156 0.00014103 1.02159 5.67144 0.5471

18 -0.00014227 1.04547 0 0 2.03917 0.0046611 1.02743 3.18139 0.7500

In this regard, the trend contains the sum of the laws of natural 
exponential death and stress anthropogenic excitation (the so-
called biotechnical law of prof. Mazurkin P. M.). Then, as in fossil 
fuels and industry, the global carbon budget can be managed for 
this factor. At the same time, we can see from the wavelets in Figure 
3 that both of them will be excluded in the future. Therefore, in the 
future, measures should be taken to exclude the second member, 
that is, in the global plan to calm the behavior of mankind by 
measures to mitigate the impact of climate. It will be necessary to 
manage land use needs, increasing the area of protected areas and 
forests on the planet. Six wavelets become crisis for the impact of 
land use (in the direction of carbon reduction). But the wavelets 
№ 7, 14 and 18 become dangerous by the change of amplitude 
according to the exponential law. Other wavelets have boundaries 
of change, so they are referred to as finite-dimensional wavelets 
(really solitary waves, that is, they are solitons).

Dynamics of air emissions 
This parameter of the global carbon budget is controversial 

already in the very laws of the trend (Figure 4, Table 5). The first, 
and therefore natural, term of the trend under the condition 

4 1ia =  is the Laplace law (in mathematics), Mandelbrot (in 
physics), pearl (in biology) and Pareto (in the economic metric). 
However, the trend is almost entirely determined by the second 
member in the form of the indicative law. Then it turns out that the 
dynamics of the carbon budget from atmospheric pollution seems 
to be inverted: the second member of the anthropogenic influence 
becomes more significant, and the process of natural reduction 
due to self-purification moves to the distant plan. Two wavelets 
in Figure 4 due to the negative sign counteract the growth of the 
influence of air pollution. There are eight wavelets out of 24 such 
positively directed to purify the atmosphere in Table 5. 

Table 5: Parameters (4) of emissions to the atmosphere.

Number
i

Wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π
Correl.
coeff.

r
Amplitude (half) of oscillation Half-period fluctuations shift

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8

1 2.04692 0 0.014479 1 0 0 0 0

0.7706
2 0.22224 0.77144 0 0 0 0 0 0

3 -1.49464e-
20 17.88584 0.45834 1.01494 5236.9070 -4.30056 1.87597 -0.55759

4 -1.59054 0.53846 0.68590 0.37459 48.83659 -0.0013542 2.46578 0.20733

5 1.09899e-6 4.74408 0.0012387 2.20105 1.45779 1.59255 0.14318 3.18131 0.5245

6 1.01796e-8 7.23601 0.24698 0.95998 3.32513 -0.0013343 1.62830 -0.48057 0.5027

7 0.14546 0.62090 0.00033424 2.19001 1.88124 -0.00018970 1.56782 3.99852 0.5923

8 7.80132e-7 8.83376 26.99212 0.17374 1.29640 -0.00053516 0.99796 0.66307 0.6759

9 0.095737 0.34830 0.00034025 2.07639 2.28871 -0.00056212 1.52164 2.23024 0.3344

10 -1.67571e-5 12.44745 3.97508 0.60847 1.00472 0 0 1.38866 0.7071

11 -0.22105 2.43038 0.69278 1 1.36372 0 0 0.28984 0.3006

12 0.061422 0.72781 0.060399 1 7.63673 0.0043719 1 -2.43210 0.3541

13 -0.0061573 1.10667 0.00011132 2.08303 1.74158 -0.00053282 1.38238 -4.65805 0.7042

14 1.43063e-12 8.92314 0.23587 0.93677 2.15865 0.011468 0.97967 3.83174 0.5326

15 -0.065917 0.97002 0.12064 1 2.85803 0.011306 1 0.47086 0.4997

16 0.0080950 0.76075 0.028896 0.63788 1.61367 -0.0010191 1.27359 -4.92445 0.4851

17 -1.95369e-
15 11.74121 0.21809 1.06337 1.20577 -0.00042532 1.17229 1.68700 0.8242
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18 1.06767e-62 45.71842 0.36937 1.18517 4.54158 -0.035000 0.95449 -1.61103 0.7490

19 0.010579 1.64253 1.13859 0.42311 1.29245 -0.0011150 0.52095 0.64805 0.3619

20 2.75426e-5 3.74643 0.19681 1.00570 2.39282 0.0014513 0.82704 -0.0090494 0.4044

21 0.00030920 1.34378 0.013197 0.99112 5.44938 0.0031671 1.00259 -1.77811 0.4420

22 0.0054660 1.00213 0.28545 0.61771 7.26486 2.72128 0.18659 0 0.3427

23 1.52509 10.86745 5.00608 1.00080 1.47481 -0.032045 1.04574 2.99176 0.2536

24 -1.98244e-
16 12.22415 0.26857 1.02636 1.16933 -0.0016483 1.31064 -4.61823 0.8357

Figure 4: Charts of the first four members of the model (4) the dynamics of emissions into the atmosphere.

Dynamics of changes from the earth’s influence 

Figure 5: Graphs of the first four terms of the general model (4) dynamics of changes from the earth’s influence.
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A similar character is the dynamics of the carbon budget 
from the influence of the earth on top-news (Figure 5, Table 6). 
However, in contrast to the influence of the earth, both wavelets 
have already remained as a historical fact. This was affected by the 
efforts of environmentalists over the past 50 years. At the same 

time, the General model received 40 members, of which according 
to Table 6, 17 members have a negative sign. Then it turns out that 
the earth (the land of our planet) has the best ability to cleanse. 
In the simple case, the trend receives a formula with a correlation 
coefficient of 0.4994 of the form 

Table 6: Parameters (4) from the influence of the earth.

Num-
ber
i

Wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π
Correl. 
coeff.

r
Amplitude (half) of oscillation Half-period fluctuations shift

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8

1 0.86842 0 0.0051100 1 0 0 0 0

0.6974
2 0.28984 0.51966 0 0 0 0 0 0

3 -0.16039 1.43325 0.13631 1 0.24299 0.057166 1.01975 0.41959

4 -0.20215 4.89292 3.60914 0.43930 1.48603 -0.0093654 0.86951 -1.53247

5 1.46897e-7 5.64910 0.15846 0.99508 4.11252 -0.00023537 1.77722 0.074668 0.2138

6 0.0011054 3.90160 1.10928 0.55409 2.42750 0 0 1.87879 0.3149

7 4.68629e-6 3.29921 0.0062373 1.37866 4.80610 0.00022984 1.85291 5.36062 0.2998

8 0.35313 0 0.025738 1 7.43747 -0.028069 1.73952 -0.73252 0.2201

9 -4.31544e-11 17.73903 1.64945 1 8.38313 0.67748 1 -5.68372 0.1367

10 8.16050e-5 3.89356 0.12611 1.00339 1.87969 -0.00011897 1.45547 0.12078 0.7633

11 -1.36228e-39 29.98333 0.66680 0.95641 0.83145 0.0018456 1.15810 1.24452 0.6573

12 -4.00664e-8 7.64970 0.34935 0.98914 1.49222 0.00015328 1.59749 -1.43061 0.5170

13 -0.41214 0 0.085285 1 1.92415 -0.0017533 1 -1.64577 0.3490

14 -1.64908e-7 10.19502 2.36731 0.63613 0.75612 0.0058607 1.01367 2.47383 0.6296

15 0.00061155 4.97707 2.37299 0.46030 3.96599 -0.25142 0.32797 -1.06299 0.4354

16 4.74753e-26 18.95336 0.11656 1.28052 6.55081 0.0090522 1.34222 5.99633 0.5183

17 2.74754e-12 9.51106 0.22379 1.02376 2.10964 -3.32256e-5 1.42846 -1.20080 0.8009

18 0.30156 6.25602 2.39540 0.99057 1.29178 -0.10593 1.00151 -3.54580 0.4338

19 0.0011207 3.74887 0.76918 0.71228 1.52125 -0.0096944 0.91917 0.75870 0.6986

20 -4.19233e-15 12.66349 0.41651 1 1.81247 -0.0086019 1.00568 1.28758 0.5141

21 -0.18184 0 3.87970 1 5.78662 0 0 0.033937 0.4948

22 -1.56087e-5 3.28245 0.030580 1.35765 5.63218 -0.0034341 1.57291 0.89515 0.5282

23 0.0065602 1.32298 0.39226 0.66293 1.80327 0.00056454 1.81454 2.3307 0.2020

24 1.64506e-13 12.87663 0.61022 1 33.83152 -0.63904 1 -2.39852 0.3680

25 8.66986e-5 1.40311 0 0 3.35300 0.012435 1.11854 1.98278 0.2877

26 -8.62589e-29 20,69098 0.17809 1.20173 1.84466 -0.0021711 1.10252 -1.82955 0.5575

27 -0.0043235 2.44530 0.35759 0.97218 1.17479 -0.0063734 0.98790 3.60613 0.6498

28 -1.57528e-8 3.68417 0 0 1.19413 1.46832e-5 1 -2.45207 0.6629

29 4.24370e-6 2.48093 0.052222 0.97188 6.08339 0.049522 1.00309 0 0.1562

30 -0.00012219 4.35058 0.42920 1.11233 11.37377 0 0 0 0.1594

31 -4.10879e-12 6.86493 0.092372 1.00265 6.63469 -0.040484 1.00032 0.50071 0.5750
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32 0.0044825 0.49696 0.039488 1.00115 2.44054 -0.0030587 0.98528 -0.76666 0.4883

33 1.66600e-6 2.83429 0.061394 1.04096 2.59477 0.0012306 0.98549 -2.52940 0.2105

34 4.18713e-5 2.73551 0.13767 1.00226 1.83579 -0.00027024 1.02163 1.64423 0.4451

35 1.22517e-5 1.67714 0.037615 0.96774 1.61279 8.42384e-5 1.04938 -0.33534 0.3546

36 0.00027713 1.36996 0.082311 1.03901 4.39014 -0.018407 1.05568 -1.12661 0.3349

37 -4.91214e-8 5.01935 0.16680 1.00460 1.30896 -0.0022372 0.99928 -2.04189 0.4364

38 4.39238e-8 4.17924 0.066993 1.06050 1.42610 -0.0011322 1.03339 -2.38930 0.6366

39 2.44137e-5 1.49764 0 0 139.07778 -1.21519 1.00421 0.80786 0.4030

40 -4.17105e-8 4.14370 0.048774 1.13125 1.43195 -0.0012701 1.01646 0.55195 0.8718

0.607711.070809 0.16830exp .lsC t= +  (7)

The second term in Table 6 gives the activity of exponential 
growth by 0.28984 / 0.16830 ≈ 1.72 times, and the growth 
intensity by 0.51966 / 0.60771 ≈  0.86 times less. The ratio of 
the two-term trend was equal to 0.4995. Thus, even with the 
adequacy difference of 0.000058, the parameters of the rough 
(7) and more accurate trends are very different (Table 6). All the 

wavelets we have received if the correlation coefficient is not less 
than 0.1. Some wavelets had the adequacy of even more compared 
to the first four members of: №10 – 0.7633; №17 – 0.8809; №19 
– 0.6986; №40 – 0.8718. Thus, each wave shows the degree of its 
inclusion in the general model relative to the previous residues 
(absolute error of modeling). This indicates the quality of the 
original data in Table 1. 

Dynamics of the budget imbalance 
Table 7: Settings (4) from the imbalance of the budget.

Number
i

Wavelet ))/(cos()exp( 86531
742

i
a

ii
a

i
a

ii axaaxxaxay iii −+−= π
Correl.
coeff.

r
Amplitude (half) of oscillation Half-period fluctuations Shift

ia1 ia2 ia3 ia4 ia5 ia6 ia7 ia8
1 -0.0015902 0 -0.14320 1.05625 0 0 0 0

0.7244
2 3.22063e-16 9.76308 0 0 0 0 0 0

3 -1.18117e-66 60.24352 1.26924 1.09468 3.64108 0.0056812 1.42112 1.53564

4 0.44528 0.70021 0.084561 1.00013 27.98703 -0.42879 0.99993 -0.17815

5 0.49901 0 0.029205 1 4.49364 0.023136 0.87346 1.61661 0.3211

6 0.46678 0 0.0016874 1 3.03956 -0.0012680 1.55342 -0.86676 0.5630

7 0.22655 0 -0.0022596 1 2.39924 -0.18770 0.19433 -1.49551 0.3717

8 7.98773e-37 74.74894 32.85283 0.48784 1.56163 0 0 -2.29739 0.3672

9 -250.00345 3.60717 7.13441 0.30285 0.75671 0.019511 1.10512 4.05783 0.5176

10 -1.80153e-19 29.03493 12.77379 0.43998 1.25876 0 0 -3.77632 0.5499

11 -3.16627e-49 43.03292 1.35845 0.96475 0.70534 0.014665 1.05998 -0.87043 0.6134

12 1.13239e-28 21.45189 0.36864 1.02962 1.19590 0.0030308 1.02861 1.26702 0.5212

13 0.052840 2.32338 1.22180 0.52213 5.37746 0.0064417 1.52987 -0.44638 0.4310

14 -8.36470e-11 22.79154 8.43465 0.53841 1.00300 -0.0012752 0.11432 4.65227 0.8503

15 0.012259 1.79389 0.28896 0.80960 1.89408 0.044869 0.94367 4.66891 0.5275

16 4.93497e-51 38.31702 0.49408 1.09735 0.52767 0.0046733 1.20423 0.71265 0.5340

17 -4.31636e-10 11.68675 0.85913 0.97128 0.26901 0.020140 1.02781 3.14845 0.1370
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18 -8.81881e-23 15.33330 0.23199 0.99999 1.00493 0.00087906 1.00041 1.44660 0.6704

19 0.15772 0 0.86227 1 2.99587 -0.16311 1 -0.42139 0.4740

Figure 6: Graphs of the first four members of the general model (4) budget imbalance dynamics.

The budget imbalance factor is more related to statistical 
indicators of verification of the balance sheet amount by the 
previous five parameters of the global carbon budget. The two-
term trend in Figure 6 and Table 7 shows that the imbalance has 
increased sharply since the beginning of the 21st century. The first 
two wavelets are already in history.

According to the two-term trend, the negative sign before 
the first member shows the crisis in the budget imbalance, and it 
increases according to the law of exponential growth. The second 
member according to the indicative law shows that since 2005 
there is a sharp change in the indicator. However, since 2016, the 
sweat trend is planned again to move to negative values of the 
carbon budget imbalance. 

The adequacy of all detected wavelets allows us to calculate 
the coefficient of dynamics (Table 8) k of the factor’s influence on 
the global carbon budget by the formula 

1 21 ,k r += − (8)

Where,

1 2r + – correlation coefficient of the two-term trend.

From the graphs in all figures, we obtain for trends a coefficient 
that takes into account the level of dynamics of processes: 

•	 On the dynamics from 1959 to 2016 of the impact of 
fossil fuels and industry 1-0.9933 = 0.0067; 

•	 On the dynamics of the influence of the ocean 0.0180; 

•	 On land use change 0.1524; 

•	 On the dynamics of emissions into the atmosphere 
0.2821; 

•	 On the dynamics of the impact of the earth’s terrestrial 
planet 0.5005; 

•	 On the dynamics of the global budget imbalance 0.6221. 

Then it turns out that the most changeable were the research 
processes.

The greater the coefficient of dynamism, the more chaotic 
the processes. The most dynamic is the imbalance of the carbon 
budget, but from the standpoint of vibrational adaptation, the 
worst from the standpoint of management is the dynamics of the 
impact of fossil fuels and industry. People are gradually increasing 
the understanding that the growth trend is steadily increasing 
and there are no solutions to curb this trend. Therefore, the only 
alternative is a waste-free technological revolution. This will 
allow to change the structure of formulas of all components of the 
general model (4) to reduce the impact of all factors.
Conclusion

Using the example of global carbon dynamics from 1959 to 
2016, the applicability of the wavelet analysis by the method of 
identification of the general equation of oscillations with variable 
amplitude and period of oscillations is proved. The number of 
detected equations of oscillations depends on the quality of the 
initial data and measurement error. In all equations of the first 
four members turned out on the computing power of the software 
environment CurveExpert-1.40, of which the first two members 
belong to the trend. We understand the trend as the sum of wave 
components that have a period of oscillation approaching infinity. 
Therefore, the trend parameters are recorded in the General table 
by the oscillation numbers for one factor, and they also belong to 
the class of wavelets. 

There are two types of wavelets:
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i. Infinite-dimensional oscillations in which the amplitude 
varies on the entire axis of the abscissa, and it is identified by 
the exponential law of growth or death, having no boundaries; 

ii. Finite-dimensional wavelets (really solitary waves or 
solitons) whose amplitude varies according to the biotechnical 
law in a specific range of abscissa values [10, 11]. 

As a rule, in geoecological laws infinite-dimensional wavelets 
show the influence of space objects, including the Earth, and 
finite-dimensional wavelets often display unconscious or partially 
conscious behavior of mankind. Therefore, one should simply get 
used to understanding the oscillatory adaptation of humanity to 
limited natural resources. To do this, we need to develop wavelet 
thinking, primarily at all levels of education. According to the 
number of wavelets with a positive sign, that is, fluctuations that 
help to increase the influence of each of the six factors on the 
global carbon budget, the factors in the share of the total number 
of model members (4) according to Tables 2-7 are as follows:

a) According to the dynamics from 1959 to 2016, the 
impact of fossil fuels and industry will continue for 14 of 28 
members, which will be 50%; 

b) According to the dynamics of the ocean influence, 17 
wavelets out of 25, that is 68%, help the growth of the global 
carbon budget; 

c) Historical changes in land use retain 10 members out of 
18 or 56%; 

d) On the dynamics of emissions into the atmosphere 
growth of the global carbon budget trying to maintain 16 
fluctuations of 24 members, representing a share of 67%; 

e) According to the dynamics of the impact of the earth’s 
land on the global carbon budget 23 wavelets of 40 or 58% 
maintain growth; 

f) Over the dynamics of the global budget imbalance, 11 
wavelets out of 19 or 58% maintain the growth of the global 
carbon budget.

Therefore, it is more difficult to conceptually study and 
subsequently change the impact of the ocean (68%) and emissions 
(67%). The need for a technological breakthrough in the impact 
of fossil fuels and industry is more clear in the future behavior 
of mankind (50%). The other three factors have less conceptual 
significance in terms of the share of 56-58%. 

The impact of fossil fuels and industry on the carbon budget 
makes the course of human behavior clear – a technological 
revolution is needed to form a non-waste industry with waste-

free fossil fuel technologies. The impact of the ocean on the 
global carbon budget will only increase. Therefore, we need 
more extensive studies of the behavior of the ocean in different 
conditions. The behaviour of the ocean as a global carbon storage 
appears to depend on atmospheric emissions. Therefore, both of 
these factors should be reduced with the accelerated introduction 
of waste-free technologies in the use of fossil fuels and industry. 
To prove the mutual connection between the six factors according 
to the initial data [1], it is necessary to conduct a further factor 
analysis.
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