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1. Introduction and formulation of 
the problem 

 

 

 

 

Abstract: 

 

 

A new general fitting method based on the Self-Similar (SS) organization of random sequences is pre- sented. The proposed 

analytical function helps to fit the response of many complex systems when their recorded data form a self-similar curve. The 

verified SS principle opens new possibilities for the fitting of economical, meteorological and other complex data when the 

mathematical model is absent but the re- duced description in terms of some universal set of the fitting parameters is 

necessary. This fitting function is verified on economical (price of a commodity versus time) and weather (the Earth’s mean 

temperature surface data versus time) and for these nontrivial cases it becomes possible to receive a very good fit of initial 

data set. The general conditions of application of this fitting method describing the response of many complex systems and the 

forecast possibilities are discussed. 

 
PACS (2008): 92.60.hv, 89.65.Gh, 05.45.Df, 89.75.Da, 89.75.Fb 

 

 Keywords: self-similar (fractal) processes • solutions of the functional equations • complex systems • fit of 

economical and weather data series 

 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Repositório Científico do Instituto Politécnico do Porto

https://core.ac.uk/display/47138738?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




725 

 

 

 

 

  



726 

 

 

 

 

 

 

 

 

 

 

 

2. General description of the algo- 
rithm 

 

 

 

 

 

 

 

 

2.1. Reduction  an  interval  to three 
incident points 
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2.2. Criterion of selection of the initial hypoth- 
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2.3. The optimization procedure 
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2.4. The final fit of the initial function 

(

 

3. Economical data (description of 
the distribution of prices on gold) 
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served if one takes the half-year period intervals. The de- 

gree of compression is 6 (in comparison with the Figure 1). 

 

 
 

 

Figure 1. Initial data that show the distribution of prices of gold (for 

one Troy Ounce in kiloUSD). These data are taken from 

the site http://www.indexmundi.com/commodities/. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. In the result of application of procedure described in the 

Subsection 2.1 (reduction to three incident points) one can 

take the self-similar curve showing the quarter distribution 

of prices. The degree of compression is equalled 3. 

Figure 4. The self-similarity is still conserved if we 

realize the re- duction of twelve months points to three 

points character- izing a year. We note that the interval of 

deviation of prices from its mean value (a specific 

measure of uncertainty) is increased with narrowing of 

the initial interval. We com- pressed 12 months to one 

year (i.e., the degree of com- pression is 12). 

 

 

 
  

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  The property of self-similarity of the initial curve is    con- 
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H0 (t) 

H1 (t) 

hνi = 3:07938 

hωi = 1:89072 

 

 
 

 

Figure 5. Here we show the realization of the stage 2 described in 

Subsection 2.2. The initial fit was realized with the help of 

the ECs method and initial hypothesis from (6) and 

hypothesis   from expression (11) are shown by green 

and red solid lines, respectively. As one can notice from 

this plot the influence of more complicated hypothesis is 

not essential and so it is sufficient to use the initial hypoth- 

esis H0 (t) corresponding to the case 1. 

 

Figure 6. Here we show the optimal fit (the solid blue line) that is 

realized with the help of the function (18). It minimizes the 

value of the relative error (9.291%) and helps to obtain the 

optimal values of the power-law exponent 

and .  The final fit (solid green line) is real- 

ized with the help of the function (20). All fitting parameters 

are collected in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. The mean temperature data 
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satisfy to the requirement (2K + 4 = 54 < N = 120). 

and for satisfaction of the requirement (2K + 4 = 14 

N = 60). 

K  = 5 

  
 

Figure 9. In comparison with Figure 7 we decrease in two times the 

number of corresponding amplitudes in order to keep the 

value of the relative error in the same limits (3-5%)   and 

Figure 12. In comparison with Figures 7 and 9 we keep the number 

of modes equaled .  This number is sufficient for 

keeping the value of the relative error in the limits (3-5%) 

< 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 10. The final fit of the distribution of the half-year prices. 

The corresponding parameters are collected in Table 1. 

Other two curves (shown on Figure 2) (the upper and 

down distribution of prices) are given also. The distribu- 

tion of the amplitudes for the fitting curve corresponding 

to mean price is given in the small frame above. Other 

two distributions of amplitudes for upper and down fitting 

curves are similar and they are not shown. 

 

 
Figure 11. The final fit of the distribution of the year prices. The cor- 

responding parameters are collected in Table 1. The dis- 

tributions of amplitudes are shown below. For this com- 

pressed curve only 5 amplitudes are necessary. 

Figure 13. What is happened if we continue the fitting functions 

calculated for 1 month and half-year (given in the small 

frame) for the 5 points up? It is interesting to note that 

these curves demonstrate the essential decreasing of 

prices on gold in the nearest future. 

 

 
Figure 14. It is instructive to see that the distribution of the annual 

prices also has a tendency to decrease these prices on 

the nearest 5 years. For the first two curves depicted 

on the previous figure one can explain the “decreasing” 

tendency by existence of a specific bend that is clearly 

seen on the right-hand of these curves. But the natural 

bend for the curve depicted here is clearly absent but 

nevertheless the tendency to decreasing of the prices 

for the nearest 5 years is conserved. 
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◦ C 

 

 
 

 

 
Figure 15.  The distribution of mean temperature (measured in  ) 

for both Earth’s Hemispheres. The data cover 130 year 

period of registration of mean temperature. 

 

 

Figure 16. If one can realize the reduction to three incident points 

then we obtain the curve similar to the curve depicted 

on the previous figure. This reduction is realized for the 

mean temperature belonging to the North hemisphere 

(NH). The temperatures Tup and Tdn show the limits of 

deviation of the central curve from its mean position. 

 

 

  

 

 

 

5. The basic results and discussion 
of further possibilities 
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Table 2. The table of additional and scaling parameters that describe the mean temperature data T (◦ C) (the 1st part). 
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T dn (SH) (43) 0.58567 0.51028 0.12695 -1.20849   -5.402   2.63292E-12   5 

Table 3. The table of additional and scaling parameters that describe the mean temperature data T (◦ C) (the 2nd part). 

N

T 

u

m

m

n

b

(

e

N

r 

H

of

) 

fi

1

l

3

e

0   7.4

hν

7

2

7

i

39   3.363

A

8

2

8E-4  -29

b

1

2

5.23  -13

b

6

1

69.9  -12

b

5

0

878  -10

s

.0

0

722 

T

T 

m

up

n 

(

(

N

N

H

H

)

) 

(

(

4

4

3

3

)

) 

6

5

.3

.8

4

8

9

4

0

5

9 

-

-

0

0

.

.

0

2

2

1

7

9

0

2

4

4

 -

-

4

6

6

2

1

.4

.8

8

3

2

5

5  

-

-

1

1

2

1

0

2

5

.6

.1

2

8

3  

-

-

6

3

1

6

0

8

3

.8

.5

5

4

2  

-

-

1

1

1

9

.

.

2

0

4

7

3

3

9

3

 

T

T 

d

m

n

n 

(

(

N

S

H

H

)

) 

(

1

4

3

3

0

)   

0

4

.

.

1

2

1

9

0

1

1

6

8

1 -

0

0

.

.

0

0

1

2

6

5

4

1

9

5    -

2

9

.

3

0

.

4

6

0

7

3

0

7

4  

-

-

2

1

.

4

6

4

1

.

8

3

1

5

5

9  -

-

4

7

1

.2

8

0

.5

1

5

4

6

8  -

-

1

1

9

6

.

.

4

0

3

3

9

4

9

2 

T

T 

m

up

n 

(

(

S

S

H

H

)

) 

(

(

4

4

3

3

)

)  

-

-

0

0

.

.

3

1

8

9

0

6

7

6

2

3 

0

0

.

.

0

0

1

0

7

7

3

6

2

9 

1

1

.

.

5

6

9

6

1

4

4

8

7

8   -

-

1

1

.7

.6

8

4

2

9

4

5

9  -

-

2

1

.9

.8

4

6

0

1

3

2

4  -

2

6

.

.

1

0

1

4

4

1

1

9

8

5 

 

T dn (SH) (43)  -0.13527 0.00487 1.62114 -1.66886 -3.25222 -72.5342 

 
 

 

Figure 17. These plots demonstrate the reduction to three points for 

the mean temperature belonging to South Hemisphere 

(SH). As before the temperatures the curves Tup and 

Tdn demonstrate the limits of deviation of the central 

curve from its mean position. 

 

 

Figure 18. This plot demonstrates the selection of the proper hy- 

pothesis. The influence of the fitting function (from 

(11)) is essential in comparison with the function   

(from (6)). The values of the ratios given above on this 

figure and expression (A11) help to choose the proper 

hypothesis corresponding to case 4. 

 

 



736 

 

 

T (◦ C) 

 
 
 

 

 
Figure 19. The optimal (solid black line) and the final fit that are ob- 

tained in the frame of hypotheses (A12) and (A13). The 

values of the fitting parameters are collected in Table 2. 

 

 

 

Figure 20. Distributions of amplitudes of two-log periodic functions 

that enter to expression (A13). They describe the dis- 

tribution of in  the  NH.  Namely, these specific 

amplitude-frequency responses (AFRs) describing the 

behavior of initial random functions depicted on Fig- 

ure 15 determine the ground of the whole random pro- 

cess studied. 

Figure 22. Distributions of amplitudes of two-log periodic functions 

that enter to expression (A13). These distributions (serv- 

ing as the specific AFRs) describe the distribution of     

T (◦ C) in SH (see previous figure). 

 

Figure 23. Distribution of mean temperature for NH and its fore- 

cast for the nearest 10 years. In accordance with this 

“prediction” we should expect the tendency to general 

cooling. The same tendency is observed for the com- 

pressed curve (placed in the small frame above) if we 

continue this curve on the nearest 27 years. 

 

  
 

 

Figure 21. The optimal (solid cyan line) and the final fit (solid blue 

line) that describe the distribution of mean temperature 

in SH. This high quality fit is realized again with the help 

of hypotheses (A12) and (A13). The values of the fitting 

parameters are collected in Table 2. 

Figure 24. Distribution of mean temperature for SH and its forecast 

for the nearest 10 years. In contrast with the previous 

“prediction” we should expect the tendency to general 

warming. The same tendency is observed for the com- 

pressed curve (placed in the small frame above) if we 

continue this curve on the nearest 27 years. 
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Appendix A Mathematical Appendix 
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A.1. Case 2: two 
complex-conjugated 
roots 
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 A.3. Case 4: two complex-conjugated roots 
and one real root 
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