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Edward Lorenz

e \Weather "analogues” — repetition

® | orenz created simple system with “weather physics”

dx dy dz
—=0(y—x) —=x(p—2)—y —=xy—pz

dt dt dt
® [hese "Lorenz Equations” did not repeat
e Had to be solved with computer

e And they did some striking things...
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Characteristics of Chaos

- Sensitive dependence on initial conditions.
(VERY different than physics thinking at time)

- Aperiodic long term behavior

» Deterministic (not random!)



Chaos: Double Pendulum




Chaos: Solar System
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Abstract

The evolution of the entire planetary system has been numerically integrated for a
time span of nearly 100 million years. This calculation confirms that the evolution
of the solar system as a whole is chaotic, with a time scale of exponential diver-
gence of about 4 million years. Additional numerical experiments indicate that the
Jovian planet subsystem is chaotic, although some small variations in the model
can yield quasiperiodic motion. The motion of Pluto is independently and robustly
chaotic.



Chaos: Hurricanes
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Ensembles!
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Hurricane Florence Current information: x Forecast positions:

Wednesday September 12, 2018 Center location 29.8 N 71.3 W @ Tropical Cyclone Q) Post/Potential TC
11 AM EDT Advisory 53 Maximum sustained wind 130 mph  Sustained winds: D < 39 mph

NWS National Hurricane Center Movement NW at 15 mph S 39-73 mph H 74-110 mph M > 110 mph

Potential track area: Watches: Warnings: Current wind extent:
O\ Day13 EEXpayss Huricane  TropStm  [lHurricane [l Trop Stm [ Hurricane 100 Trop Stm

~ 66% chance inside cone
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Ensembles!
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Be on the lookout for missing ensembles...

Surf Forecasting
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Decisions

e Ensembles generate probabilities (P)
e P helps to make decisions. Consider Risk.

e Ex. Rent a tent for an event next week”?

Cost |
o |f P> ~do it!
Loss




BHI Decisions

e Terminal Groin at Shoals Club

Cost?

| 0sSs?
Ensemble Forecast?

e Beach Nourishment



Vice Versa: Decisions can cause chaos

Nonlin. Processes Geophys., 18, 989-999, 2011

www.nonlin-processes-geophys.net/18/989/2011/ G \ Nonlinear Processes
doi:10.5194/npg-18-989-2011 in Geophysics

© Author(s) 2011. CC Attribution 3.0 License. -

(Chaos!)

Emergent behavior in a coupled economic and coastline model for
beach nourishment

E.D. Lazarus',D. E. McNamara?, M. D. Smith?, S. Gopalakrishnan’, and A. B. Murray’

e Mathematical model of beach and economics

e Many towns each “optimizing” nourishment decisions



Alongshore Location
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Decisions can cause chaos
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Conclusions

e Chaos Is deterministic.

e Be wary of single model forecasts. Ensembles are this

year’s D

e Cost and loss are not trivial to quantity.

® Human impacts in natural systems can give rise to
chaotic behavior.

Welcome Questions



