
The Math Behind the Weather
Ankur Desai, Dept of Atmospheric and Oceanic Sciences
UW-Madison, 15 March 2018

http://flux.aos.wisc.edu desai@aos.wisc.edu @profdesai
Columbia Pictures



Who Am I?

• I was born and raised in New Jersey
• I live in Madison with my wife and three 

daughters
• I am a climate scientist who has spent 

that past 2 decades studying how 
plants, climate, and weather all 
influence each other













https://forecast.weather.gov/product.php?site=MKX&issuedby=MKX&product=A
FD&format=CI&version=1&glossary=1









http://cci-reanalyzer.org/



http://cci-reanalyzer.org/





Mann et al., 2003, EOS
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Climate Model = Weather Model



Major math innovations 
related to meteorology

• Navier-Stokes equation in turbulent, 
rotating reference frame

• Chaos in Non-linear dynamical systems
• Numerical solutions and computational 

approaches to non-linear PDEs
• Analytical geometry
• Statistical Bayesian data assimilation of 

Earth-atmosphere-ocean observations



“Does the flap of a butterfly’s wings in Brazil set off a tornado in Texas?” 
-(Lorenz 1972)

Predictability in a deterministic nonperiodic flow

Courtesy of A. Subramanian (Scipps)



“Finite time for error in representation of small scales to affect accuracy of simulation of 
large scales, no matter how small in scale and hence amplitude this model error is” 

-(Lorenz 1969)

Sensitive dependence to initial conditions

r = 28, σ = 10, and b = 8/3

source: wikipedia
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Transition to Turbulence

Album of Fluid Motion (Van Dyke)



MODIS
Jan 2017



Navier-Stokes
a.k.a Newton’s Second Law for 

a “Newtonian” Fluid



N-S Smoothness and Existence Problem 
is a Millennial Math Problem

GIFTED (2017)



Going onto a rotating 
reference frame



N-S For Earth System



One Solution to N-S:
Convective instability

• Requires density to increase with height
• Instability occurs when Rayleigh 

number reaches critical threshold



Cloud Streets: Convective 
Instability in the Real World



https://earth.nullschool.net/#current/wind/surface/level/overlay=temp/equirectangular



Turbulent Momentum Equation
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Numerical Solutions are Necessary



http://www.computerhistory.org/revolution/calculators/1/65/272





But the Earth is a sphere

https://blogs.reading.ac.uk/wcd/2012/02/07/gungho-development-of-a-new-
dynamical-core-for-the-unified-model/



http://mp1.met.psu.edu/~fxg1/ENSPRS_12z/ensloop.html



Model spread needs to be 
constrained by data



Applications of Bayes’ Rule



http://slideplayer.com/slide/9781007/







http://spie.org/Images/Graphics/Newsroom/Imported-
2015/006142/006142_10_fig1.jpg



source: https://www.wmo.int/
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