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Prediction: Week 8

(Your final projects)
How to evaluate and appreciate accuracy and uncertainty in Predictions.

Tuesday: Weather & Climate Prediction
Special Guest: Prof. Marianna Linz, Assistant Professor of Environmental Science and
Engineering and of Earth and Planetary Sciences, Harvard University



Library catalog > Cluster
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Modern Prediction

This cluster includes expert interviews with researchers across an array of disciplines with the unifying topic of
modern predictive systems. Learn about prediction efforts in Earth, Space, Health, Wealth, and the Future of the
Future, accompanied by annotations and links to deepen your understanding.

Introduction to Modern “Simulations” (Modern Predictions)
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https://www.labxchange.org/library/clusters/lx-cluster:ModernPrediction
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“Modern Prediction” Interviews at PredictionX.org & LabXch&nge

Prediction & Philosophy Agustin Rayo
Prediction in Astrophysics Avi Loeb
Artificial Intelligence Ben Shneiderman
Predicting Health, and Earthquakes Brendan Meade and Susan Murphy
Prediction & Psychology Dan Gilbert
The Future of Energy and the Earth Dan Kammen
Behavioral Economics David Laibson
Personal Genomics George Church
Climate Change Gina McCarthy
Population Genetics Immaculata De Vivo and Peter Kraft
The Search for Extraterrestrial Intelligence Jill Tarter
Epidemiology Megan Murray
Philosophy & Prediction Ned Hall
The Business of the Future of Energy and the Earth Rebecca Henderson
Uncertainty in Science Stuart Firestein
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Your final projects:

How to evaluate and appreciate accuracy and uncertainty in Predictions.

The plan for final projects (link)

“Carry out a study a particular type of predictive system, with special attention
to how accurate 1t should be, how uncertainty is measured, and how
uncertainty about it is communicated. In particular, find a way to study its
accuracy on your own, either with new analysis, or from the literature. In the
end, you will create an online video summary (5 minutes long) of your
findings, with accompanying text and graphics.”

On Canvas you will find a link to a Google Doc that provides:

1. Detailed instructions, with a step-by-step “rubric” for what we’d like you
to include (history of the field, documentation of your research,
controversies, future prospects, etc.), and point values.

2.Request to finalize your topic, in consultation with your TF.

3.Possible themed-sections or TF office hours, depending on your schedules.


https://canvas.harvard.edu/courses/84859/assignments/429171
https://docs.google.com/document/d/19yHIMZg7V1dv0YE_KxAuSE0fNEI9yDtji2erRUe7TMw/edit
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https://docs.google.com/forms/d/1zlscNvlBGIyoxeiTHPY-3ubSEo-E_kBYMhMTFeWG6NU/edit#responses

Prediction X: Modern Simulations--THEMES/TAGS These “tags,” used on LabXchange
will all make sense to you by the end

#simulation_or model (c.f. list )
#theoretical empirical (c.f Rainbow diagram) of our course...
#framework model inputs (c.f document) (video assignments to come + read
#framework testing (c.f. document) Nate Silver’s book, please!)
#biases (c.f. document)

#uncertainty (c.f document, puck simulation (link), Take a Sweater)

#approximation (c.f. Ten questions) # Heuristic

#public_reaction (c.f. document)

# predictability

(essay about predictability, determinism, randomness and uncertainty--use Clint’s sand on shuffleboard analogy, includes
# convergence, #divergence, # feedback # chaos)

#unkown_unknowns

#bayes theorem

#deterministic_vs probabilistic (probabilistic vs. deterministic prediction...when is uncertainty small enough to call it
“deterministic”?)

#machine learning (c.f. list)

#artificial intelligence(c.f. list, Derek’s Day)

#prediction_vs_decision

#explanation vs_prediction (c.f. rainbow diagram)
#technology theoretical computation_and math (c.f. list)

#technology observational experimental devices and sensors (c.f PtN)
#future of the future

#personal or_societal

#samplesize Lab,{ change
#resolution »

#rainbow _diagram
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traffic forecasting
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purchase prediction 9 y
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Room’s system

Dow Jones (index numbers)
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sub-prime mortgage crash (2008) vie popuiarity
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auction pricing "retrodict" Plague in Europe in the 1600s



Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app



Your final projects:

How to evaluate and appreciate accuracy and uncertainty in Predictions.

Where does uncertainty in Prediction come from?

Human Behavior Models’

Resolution, Appropriateness, Inputs




"MODERMN SIMULATIONS” & the Framework

PREDICTION!
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PREDICTIVE
SYSTEM

INPUTS OUTPUTS

“HUMAN”

STATISTICAL

SIMULATION

COMBINATIONS



#RANDOM

#RANDOMIZED

PREDICTIVE
SYSTEM

INPUTS OUTPUTS

#HUMAN

#NON-RANDOM “HUMAN”
STATISTICAL
SIMULATION

COMBINATIONS



A variety of such examples are presented in The Signal and the Noise, by Nate Silver

the signal
#RANDOM and the noise

1. A CATASTROPHIC FAILURE OF PREDICTION

2. ARE YOU SMARTER THAN A TELEVISION PUNDIT?

3.ALLICARE ABOUT IS W’S AND 'S

Why sa m a ny 4. FOR YEARS YOU'VE BEEN TELLING US THAT RAIN IS GREEN
predictions fail— JE———

INPUTS but some don’t

#RANDOMIZED

6. HOW TO DROWN IN THREE FEET OF WATER

7.ROLE MODELS

8. LESS AND LESS AND LESS WRONG

9. RAGE AGAINST THE MACHINES

10. THE POKER BUBBLE

11.TF YOU CAN'T BEAT'EM...

#HUMAN

12. A CLIMATE OF HEALTHY SKEPTICISM

na te Siluer 13. WHAT YOU DON'T KNOW CAN HURT YOU

#NON-RANDOM “HUMAN”

STATISTICAL

SIMULATION

COMBINATIONS



Where does uncertainty in Prediction come from?

Human Behavior Models’

Resolution, Appropriateness, Inputs




Climate Change Simulation & the Framework

#RANDOM

Changes in
Solar Inputs

Changes in the Atmosphere: Changes in the

Composition, Circulation Hydrological C
#NON-RANDOM?

Tuesday: Weather & Climate Prediction
Special Guest: Prof. Marianna Linz, Assistant Professor of Environmental Science and
Engineering and of Earth and Planetary Sciences, Harvard University

Land Surface

Hydrosphere: Al T
Ocean
Hydrosphere: ‘ Changes in the Cryosphere:
R?(,e'&sg Lear:es f Snow Frozen Ground, Sea Ice, Ice Sheets, Glaciers

ce-Ocean Coupling
Changes in the Ocean: Changes in/on the Land Surface:
#RANDOMIZED

Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetatlon Ecosystems
logs. scientificamerican.com/the-curious-wavefunction/aresme



http://blogs.scientificamerican.com/the-curious-wavefunction/are-more-accurate-climate-change-models-worse

Slide-the-puck

1. Decide how rough your table is

Let’s try something simpler. ..

N
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2. Click anywhere on the grid to throw

the puck

3. Click here to finish the game for
you
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http://fernandobecerra.com/predX/

PREDICTIVE
SYSTEM

INPUTS OUTPUTS

SIMULATION

What comes into play in this SIMULATION?

The model in this “predictive system” is #NON-RANDOM Newtonian physics, with friction.

The puck is launched with in a #RANDOMIZED direction (input) whose mean is straight
ahead (along the red line).

At each “time-step,” the puck’s direction is given a #RANDOMIZED directional
offset, within a small range centered on “straight ahead.” The range is determined
by the “roughness” of the table. Perfectly smooth=exactly straight ahead.

The path of the puck looks jerky when you play because the time and/or spatial
resolution of the situation is low (not very good).

The distribution of final positions (outputs) shows a range of positions (“uncertainty”
around prediction of exactly straight ahead) effected by inputs (in this case table
roughness), and settles to reliable values with more and more trials.



The path of the puck looks jerky when you play because the time and/or
spatial resolution of the situation is low (not very good).

9
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PRESENT

Temperature

Pressure

Chemical
Abundances

Opacity

lce Depth,
Coverage

Economic
Indicators

Political
System
Features

Social
Indicators

Where we will be in 5 weeks. ..

< - A
Regional
Climate

Economics Health

Interacting Models & Simulations

FUTURE

Temperature

Pressure

Chemical
Abundances

Opacity

Ice Depth,
Coverage

Economic
Indicators

Political

System
Features

Socidal
Indicators



Fine points & questions for future discussions

“Simulation” vs. “Numerical Experiment”
Simulation: goal is reality
Numerical Experiment: A “what if” question, about one parameter or idea.

What to do about critical inputs you can’t have

(e.g. underground activity in earthquake forecasting, true # of COVID-19 infections, aspects of human
behavior)?

Is a more complicated system always better?
(Note Marianna Linz’ simple global temperature model...)
SimCity 2000 vs. The Sims. ..
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extra materials...



Lyman alpha forest interactive module

Lyman Gamma Lyman Limit

L

Lyman Alpha Lyman Beta

4,000 6,000 8,000 4,000 6,000 8,000 4,000 6,000 8,000 4,000 6,000 8,000

Remove plot labels
Lyman Alpha Forest

Lyman-alpha
Lyman-beta
Lyman-gamma
Lyman-limit
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Continuum subtracted

© Quasar mode
Quasar Spectrum

4,000 5,000 6,000 8,000 9,000 W

4,000 5,000 6,000 7,000 8,000 9,000
Wavelength (Angstrom)

Total Redshift _ Column density Quasar
column -j index, 3 L index, a redshift
density

20.1 1.3 5.2
7.9e17 atoms/cm?

edge.edx.org/courses/HarvardX/SCI999/2014/courseware/68a892803b9044698728e3aeac6371ae/2252043¢58dc456ba731e470dcf11094/


https://edge.edx.org/courses/HarvardX/SCI999/2014/courseware/68a892803b9044698728e3aeac6371ae/2252043c58dc456ba731e470dcf11094/

What is a2 numerical “simulation” or 2 “model”?




Words or phrases you heard in class recently'
that were MOST unfamiliar or confusing to
you...

. Start the presentation to see live content. Still no live content? Install the app or get help at PollEv.com/app
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movie slider becomes “#players”

speed

v

v

roughness




movie slider becomes “#players”

speed

v

v

roughness




movie slider becomes “#players”
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