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WHICH ONE OF THESE
DO NOT USE MATH?

A) Finding prime numbers:2,3,5,7, |1, 13, ...
B) Predicting climate change
C) Understanding biological function

D) Building an invisibility cloak




Let’s do an experiment
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SOME OTHER EXAMPLES FROM 2012

« Spring 2012 saw the warmest March, third-warmest April and
second-warmest May in history, and was approximately 5.2
degrees Fahrenheit above average overall.

* July was the hottest month ever recorded in the continental
U.S.,, 3.3 degrees Fahrenheit above the 20th century average.

* The 2012 fire season 8.6 million acres — roughly the size of
Connecticut and New Jersey combined — burned in the U.S.

Ref. http//thinkprogress.org/climate/issue/




DROUGHT IN THE MIDWEST

U.S. Drought Monitor November 26, 2013 AS Of Se Ptem ber,
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SEVERE WEATHER ALSO A CONCERN FOR
CALIFORNIA




PART I

MATHEMATICS AND COMPUTERSTO
THE RESCUE




Experiments vs. Computational Science
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COMPUTATIONAL SCIENCE IS NOW CONSIDERED
THIRD PILLAR OF SCIENCE
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Unprecedented Progress

Earth Systems
Computer models for
predicting extreme
events

" Energy Efficiency
Tools for predicting
building energy use

Energy Storage
Understanding and
designing next-generation
batteries

Combustion
Understanding the
dispersion of pollutants
in the environment.

Biofuels Nano Science
Simulation models for Predicting properties of
= understanding bottlenecks next-generation
~ to economical biofuels photovoltaic solar cell
materials.

Images courtesy of Lawrence Berkeley National Laboratory




Climate Modeling




Modeling the Climate System

. Includes the Atmosnphere,

Land, Oceans, Ice, and Biosphere

Incoming Solar
Energy Qutgoing Heat
Energy
Transition from
Solid to Vapor
Evaporative
and Heat Energy
Exchanges
Stratus Clouds Cumulus Cirrus Clouds Atmospheric
Clouds GCM
Precipitation - -
Evaporation - Atmosphere

(Temperature, Winds,
and Precipitation)

i Idddy JjI Stratus Clouds

Evaporation

Atmospheric Model Layers

Marine Biology




GREENHOUSE EFFECT

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.
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FIRST MENTION OF GREENHOUSE EFFECT (1824)

* Fourier developed
mathematical theory for the
temperature of the terrestrial
globe

* “The temperature [of the
Earth] can be augmented by
the interposition of the
atmosphere, because heat in
the state of light finds less
resistance in penetrating the
air, than in repassing into the
air when converted into non-

luminous heat” (1824)

FOURIER




NUMERICAL WEATHER FORECASTING

* British mathematician Lewis Fry
Richardson proposed numerical
weather forecasting in 1922

* Computed | day weather forecast
over a period of 6 weeks, while
working as the driver of a Quaker
ambulance unit in northern France.

* Sadly, first calculations were
unsuccessful, due to numerical
problems

LEWIS FRY RICHARDSON

Fascinating talk by Peter Lynch (University College Dublin) can be found at:
http://www.ncep.noaa.gov/nwp50/Presentations/Tue_06_15_04/Session_ |/Lynch_ NWP50.pdf




RICHARDSON’S COMPUTATION

Pressure 20 May 1910 7Z + Ol Sea_Level
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PRIMITIVE EQUATIONS FOR ATMOSPHERE
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JOHN VON NEUMANN'S
METEOROLOGY PROJECT

Recognized numerical weather
forecasting as a problem of great §
importance '

In collaboration with Charney
and Fjortoft, they completed the
first numerical computer
forecast in 1950

Used ENIAC, first multipurpose '
electronic digital computer If people do not believe that

mathematics is simple, it is only
Each 24 hour forecast took 24  because they do not realize how
hours to compute complicated life is.
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1000 YEAR SIMULATIONS NOW POSSIBLE

* A 1000-year simulation
demonstrates the ability
of models to produce a
long-term, stable
representation of the
earth’s climate.

 Used more than |
million processor hours
over several months
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Warren Washington and Jerry Meehl, National Center for Atmospheric Research; Bert Semtner, Naval Postgraduate School; John Weatherly,
U.S.Army Cold Regions Research and Engineering Lab Laboratory.




HOW CONFIDENT CAN WE BE IN
OUR MATH & COMPUTER MODELS!?

the signay
» There are uncertainties in the 0 the pojse
computer models
5 . . . why SO m
There are uncertainties in the Pregicein 2Ny
input data but g, n;‘;ns fajl -
don’t

« Math models are incomplete
representations at best

Must have an understanding of
probability and statistics




Unprecedented Progress

Earth Systems
Computer models for
predicting extreme
events

Tools for predicting
building energy use

Energy Storage
Understanding and
designing next-generation
batteries

Combustion
Understanding the
dispersion of pollutants
in the environment.

Biofuels Nano Science
Simulation mod.els for Predicting properties of
understanding next-generation

bottlenecks to

photovoltaic solar cell
economical biofuels

materials.
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Biofuels
Simulation models for
understanding
bottlenecks to
economical biofuels




Biofuels
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- Plants have evolved to be
resistant to physical and
chemical attack

- How do bacteria remove
carbon from the
atmosphere?

- If we can understand
plant genomics better
could we design better
biofuels?




Data Enabled Science

* Many scientific problems Cost per Genome
are now rate-limited by
access to and analysis of
data - Moore's Law

- Genome sequencing is
outpacing computing and
algorithms

* High school students are NIH )
now accessing and using
genomic data for studies

National Human Genome
Research Institute

genome.gov/sequencingcosts
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be here

Wetterstrand KA. DNA Sequencing Costs: Data from the
NHGRI Genome Sequencing Program (GSP) Available at:

http://www.genome.gov/sequencingcosts/

On the Future of Genomic Data, Scott D. Kahn, Science 331, 728 (2011) o




Protein Folding problem

- Genome sequence is
only the start

* The 3D shape of a
protein determines its
function

* One of the grand
scientific challenges.

Native
Predicted

Chignolin (cin025) 1 O0A Trp-cage (2jof) 1.4 A BBA (1fme) 1.6 A
WW domain (221) 1.2 A NTL9 (2hba) 0.5 A BBL (2wxc) 4.8 A

Homeodomain (2p6j) 3.6 A Protein G (1mio) 1.2 A a3D (2a3d) 3.1 A

K A Dill, and J L MacCallum Science 2012;338:1042-1046

Villin (2f4k) 1.3 A

Protein B (1prb) 3.3 A

Mrepressor (1imb) 1.8 A
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Protein Folding used in drug design

* A single new drug may
cost over $800 million
and take over |0 years
to develop

« Computer simulations
can be used to predict
new drugs

* Mathematical models
can compute the
energy of a molecule

Juan Meza, Ricardo Oliva, Scientific Computing, LBNL
33




Protein Folding Unsolved Problems

 Cannot consistently
predict structures with
high accuracy

* Don’t have
understanding of folding
routes

* Don’t have algorithms
for computing binding
affinities of drugs and
small molecules to
proteins

Dill and MacCallum, Science 338, 1042(2012)
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Many, many more applications
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SUMMARY

» Unprecedented increases in math and
computational power have opened new
opportunities in energy, environment,
biology

* Many unsolved problems waiting to be
studied

* We need many more people with new ideas
working on these problems




So If Someone Asks You Why
You're Studying Math!?

I’'m Going To Help
Save The World!







