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Abstract

This talk presents three kinds of butterfly effects, which were defined based on new insights on the
characteristics of classical Lorenz models and a generalized Lorenz model. The butterfly effect of the first
kind (BE1) refers to the sensitive dependence of solutions on initial conditions, while the butterfly effect
of the second kind (BE2) relates to the hypothetical role of tiny initial perturbations in creating an
organized large-scale system at distant locations. The butterfly effect of the third kind (BE3), also known
as the real butterfly effect, involves the contribution of small-scale processes to the finite predictability of
large-scale processes in highly turbulent regions with a (-5/3) kinetic energy spectrum. These three kinds
of butterfly effects differ from each other, with BE1 being chaos, BE2 being a metaphorical analogy, and
BES3 having a brief history. Major features of boundedness and recurrence within BE1 indicate finite errors
(i.e., no blowup solutions), and coexisting chaotic and nonchaotic attractors suggest that BE1 may or
may not appear, yielding distinct predictability. Finally, a popular but inaccurate analogy for butterfly effect

and chaos, as listed by the following folklore, will be discussed.

“For want of a nail, the shoe was lost.

For want of a shoe, the horse was lost.
For want of a horse, the rider was lost.
For want of a rider, the battle was lost.
For want of a battle, the kingdom was lost.

And all for the want of a horseshoe nail.”



Selected References (https://bwshen.sdsu.edu/shen_publications_all.html)

1.

10.

11.

12.

13.

Shen, B.-W., R. A. Pielke Sr., X. Zeng, 2022a: One Saddle Point and Two Types of Sensitivities
Within the Lorenz 1963 and 1969 Models. Atmosphere 13, no. 5: 753.
https://doi.org/10.3390/atmos 13050753

Shen, B.-W., R. A. Pielke Sr., X. Zeng, J. Cui, S. Faghih-Naini, W. Paxson, R. Atlas, 2022b: Three
Kinds of Butterfly Effects Within Lorenz Models. Encyclopedia 2, no. 3: 1250-1259.
https://doi.org/10.3390/encyclopedia2030084

Shen, B.-W., R. A. Pielke Sr., X. Zeng, J. Cui, S. Faghih-Naini, W. Paxson, A. Kesarkar, X. Zeng, R.
Atlas, 2022c: The Dual Nature of Chaos and Order in the Atmosphere. Atmosphere 13, no. 11:
1892. https://doi.org/10.3390/atmos13111892

Paxson, W. and B.-W. Shen, 2022: A KdV-SIR Equation and Its Analytical Solutions for Solitary
Epidemic Waves. International Journal of Bifurcation and Chaos.
https://doi.org/10.1142/S0218127422501991.

Cui, J. and B.-W. Shen*, 2021: A Kernel Principal Component Analysis of Coexisting Attractors
within a Generalized Lorenz Model. Chaos, Solitons & Fractals, 146.
https://doi.org/10.1016/j.chaos.2021.110865

Shen, B.-W., R. A. Pielke Sr., X. Zeng, J.-J. Baik, S. Faghih-Naini, J. Cui, and R. Atlas, 2021a: Is
Weather Chaotic? Coexistence of Chaos and Order within a Generalized Lorenz Model. Bulletin of
American Meteorological Society. 102(1), E148-E158. https://doi.org/10.1175/BAMS-D-19-0165.1
Shen, B.-W., R. A. Pielke Sr., X. Zeng, J.-J. Baik, S. Faghih-Naini, J. Cui, R. Atlas, T.A. Reyes,
2021b: Is Weather Chaotic? Coexisting Chaotic and Non-Chaotic Attractors within Lorenz Models.
In: Christos H. Skiadas, Yiannis Dimotikalis (eds) The 13th Chaos International Conference CHAOS
2020. Springer Proceedings in Complexity. Springer, Cham. https://doi.org/10.1007/978-3-030-
70795-8 57

Shen, B.-W., 2021: Solitary Waves, Homoclinic Orbits, and Nonlinear Oscillations within the non-
dissipative Lorenz Model, the inviscid Pedlosky Model, and the KdV Equation. In: Christos H.
Skiadas, Yiannis Dimotikalis (eds) The 13th Chaos International Conference CHAOS 2020.
Springer Proceedings in Complexity. Springer, Cham. https://doi.org/10.1007/978-3-030-70795-

8 58

Shen, B.-W., 2020: Homoclinic Orbits and Solitary Waves within the non-dissipative Lorenz Model
and KdV Equation. International Journal of Bifurcation and Chaos. 30. 2050257-1-15.
DOI:10.1142/S0218127420502570.

Shen, B.-W., 2019a: Aggregated Negative Feedback in a Generalized Lorenz Model. International
Journal of Bifurcation and Chaos, Vol. 29, No. 3 (2019) 1950037 (20 pages).
https://doi.org/10.1142/S0218127419500378

Shen, B.-W., 2019b: On the Predictability of 30-day Global Mesoscale Simulations of Multiple
African Easterly Waves during Summer 2006: A View with a Generalized Lorenz

Model. Geosciences 2019, 9(7), 281; https://doi.org/10.3390/geosciences9070281

Shen, B.-W.*, T. Reyes, and S. Faghih-Naini, 2019: Coexistence of Chaotic and Non-Chaotic
Orbits in a New Nine-Dimensional Lorenz Model. In: Skiadas C., Lubashevsky . (eds) 11th Chaotic
Modeling and Simulation International Conference. CHAOS 2018. Springer Proceedings in
Complexity. Springer, Cham. https://doi.org/10.1007/978-3-030-15297-0 22

Reyes, T.# and B.-W. Shen*, 2019a: A Recurrence Analysis of Chaotic and Non-Chaotic Solutions
within a Generalized Nine-Dimensional Lorenz Model. Chaos, Solitons & Fractals. Chaos, Solitons
& Fractals. 125 (2019), 1-12. https://doi.org/10.1016/j.chaos.2019.05.003




