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Linear

ǒ No assumption about 

underlying probability 

distribution 

ǒ Not sensitive to outliers 

and jumps

ǒ Very robust

Nonlinear

Linear 
or 

Nonlinear
?

ǒ Underlying assumption of 
underlying distribution 

ǒ Sensitive to outliers and 
jumps

ǒ Not robust



Features of solar 
radiation in 
tropical region

Ogunjo, S. T., Adediji, A. T., & Dada, J. B. (2017). Investigating chaotic features in solar radiation 

over a tropical station using recurrence quantification analysis. Theoretical and Applied 

Climatology, 127(1), 421-427.



Rain and radio 
communication

Fuwape, I. A., Ogunjo, S. T., Dada, J. B., Ashidi, G. A., & Emmanuel, I. (2016). Phase 

synchronization between tropospheric radio refractivity and rainfall amount in a tropical region. 

Journal of Atmospheric and Solar-Terrestrial Physics, 149, 46-51.



What are the nonlinear techniques?

01 Lyapunov Exponent

02 Recurrence Plots

03 Multifractals

04 Others



Lyapunov exponent

ǒ It measures the 

separation of 

trajectories

ǒ A positive Lyapunov 

exponent is evidence of 

chaos in a signal



Recurrence plot

http://dx.doi.org/10.1063/1.5129959



Fractals

https://link.springer.com/article/10.10
07/s11356 -020-08417-9



Nonlinear dynamics in 
space physics

It will be intuitive to know if phenomena 

within geospace have nonlinear 

characteristics.  Results from such studies 

will help in better understanding our space 

and itĦs weather.



Chaos in 
Total Electron Content



Is TEC chaotic?

Location:  Goose Bay  [47°N; 286°E; mag: dip 

58.6°N]

Period: 1976 (15 minutes data) 

Correlation dimension:  5.6

Lyapunov exponent:  0.34 (Kantz method)

Kumar, K. S., Kumar, C. V. A., George, B., Renuka, G., & Venugopal, C. 

(2004). Analysis of the fluctuations of the total electron content (TEC) 

measured at Goose Bay using tools of nonlinear methods. Journal of 

Geophysical Research: Space Physics, 109(A2).



Are quiet and disturbed time different 
chaotically? 

Unnikrishnan, K., Saito, A., & Fukao, S. (2006). Differences in 

magnetic storm and quiet ionospheric deterministic chaotic 

behavior: GPS total electron content analyses. Journal of 

Geophysical Research: Space Physics, 111(A6).



Are quiet and disturbed time different 
chaotically? 

Ogunsua, B. O., Laoye, J. A., Fuwape, I. A., & Rabiu, A. B. 

(2014). The comparative study of chaoticity and dynamical 

complexity of the low-latitude ionosphere, over Nigeria, during 

quiet and disturbed days. Nonlinear Processes in Geophysics, 

21(1), 127-142.



How does TEC vary over the course of a 
year? 

Rabiu, A. B., Ogunsua, B. O., Fuwape, I. A., and Laoye, J. A.: 

The transient variation in the complexes of the low-latitude 

ionosphere within the equatorial ionization anomaly region of 

Nigeria, Nonlin. Processes Geophys., 22, 527ï543, 

https://doi.org/10.5194/npg-22-527-2015, 2015.

Location: Toro (Bauchi State)
Year: 2011



Compare fractals in TEC and 

H-component

Bhardwaj, S., Chandrasekhar, E., Seemala, G. K., & 

Gadre, V. M. (2020). Characterization of ionospheric 

total electron content data using wavelet-based 

multifractal formalism. Chaos, Solitons & Fractals, 

134, 109653.

H-component (black solid lines) have more fractality 
compared to TEC data using Wavelet based 
multifractality



Multifractal in vTEC at different 

Time scales

Bolzan, M. J. A., Tardelli, A., Pillat, V. G., Fagundes, 

P. R., & Rosa, R. R. (2013, January). Multifractal 

analysis of vertical total electron content (VTEC) at 

equatorial region and low latitude, during low solar 

activity. In Annales Geophysicae (Vol. 31, No. 1, pp. 

127-133). Copernicus GmbH.

SĠao José dos Campos (SJC, low latitude)
and Beĺ em (BE equatorial region).



Multifractality at solar maximum and 
minimum

Chandrasekhar, E., Prabhudesai, S. S., Seemala, G.

K., & Shenvi, N. (2016). Multifractal detrended

fluctuation analysis of ionospheric total electron

content data during solar minimum and maximum.

Journal of Atmospheric and Solar-Terrestrial Physics,

149, 31-39.

Locations: 27 locations

Solar minimum (2008)
Solar maximum (2014)



Chaos in the 
Magnetosphere



AL - Magnetospheric variability
Bz - z compoenInterplanetary magnetic 
field

Both 0-1 test and Lyapunov exponent 
were used

Prabin Devi, S., Singh, S. B., and Surjalal Sharma, A.: 

Deterministic dynamics of the magnetosphere: 

results of the 0ģ1 test, Nonlin. Processes 

Geophys., 20, 11ģ18, 

https://doi.org/10.5194/npg -20-11-2013, 2013. 

Seasonal magnetospheric chaos



Chaos was observed in 
ǒ Bz
ǒ Vx
ǒ Dst
ǒ AE index
Data from 2008 - 2017

Falayi, E. O., Adewole, A. T., Adelaja, A. D., Ogundile, O. 

O., & Roy-Layinde, T. O. (2020). Study of nonlinear time 

series and wavelet power spectrum analysis using solar 

wind parameters and geomagnetic indices. NRIAG 

Journal of Astronomy and Geophysics, 9(1), 226-237.



Chaos in Dst over 
different solar cycles

Ogunjo, S. T., Rabiu, A. B., Fuwape,I. A.,  & Obafaye, A. A. (2021). Evolution of dynamical 
complexities in geospace as captured by Dst over four solar cycles 1964ģ2008. Journal 
of Geophysical Research: Space Physics, 126, e2020JA027873. 



Ogunjo, S. T., Rabiu, A. B., Fuwape,I. A.,  & Obafaye, A. A. (2021). Evolution of dynamical 
complexities in geospace as captured by Dst over four solar cycles 1964ģ2008. Journal 
of Geophysical Research: Space Physics, 126, e2020JA027873. 

Chaos in Dst over 
individual years in 
different solar cycles



Ogunjo, S. T., Rabiu, A. B., Fuwape,I. A.,  & Obafaye, A. A. (2021). Evolution of dynamical 
complexities in geospace as captured by Dst over four solar cycles 1964ģ2008. Journal 
of Geophysical Research: Space Physics, 126, e2020JA027873. 

Multifractals in Dst



Comparing minor, moderate, and major 
geomagnetic storms

Oludehinwa, I.A., Olusola, O.I., Bolaji, O.S., Odeyemi, O.O., & Njah, A.N. (2020). Magnetospheric chaos and 

dynamical complexity response during storm time disturbance. Nonlinear Processes in Geophysics, 28, 257-

270.
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