®.STUDY GUIDE

CAN CLIMATE MODELS PREDICT
CLIMATE CHANGE?

KEY TERMS: climate climate model turbulence
predict equations
NOTE-TAKING COLUMN: Complete this section during the CUE COLUMN: Complete this section
video. Include definitions and key terms. after the video.
What does a major aspect of climate involve? Why can’t scientists predict cloud
formations or the atmosphere/ocean
equation?

Why can’t scientists predict the effect that the atmosphere
will have on future temperatures?

Why can’t computer models accurately
predict climate?

Where did the computer models predict that Hurricane Irma
was going to strike a direct hit?
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DISCUSSION & REVIEW QUESTIONS:

* Towards the beginning of the video, Professor Happer states that, “l also know a lot about
long-term predictive climate models. And | know they don’t work. They haven’t worked in
the past. They don’t work now. And it's hard to imagine when, if ever, they’ll work in the
foreseeable future. There’'s a common sense reason for this. Aside from the human brain,
the climate is the most complex thing on the planet. The number of factors that influence
climate: the sun, the earth’s orbital properties, oceans, clouds, and, yes, industrial man, is
huge and enormously variable.” Considering that the climate models don’t work, why do you
think that anyone uses them and believes conclusions drawn from them? Do you think that
scientists should continue to attempt to develop computer models for climate? Why or why
not?

» Later, Professor Happer goes on to explain that, “We can’t predict either side of the
atmosphere/ocean equation. But we can say this with certainty. Water, in all its phases, has
huge effects on atmospheric heating and cooling. Compared to water, H20, carbon dioxide,
CO2 is a minor contributor to the warming of the earth.” Why is this truth so significant in
terms of discussing climate change? Explain. Do you think that scientists will ever be able to
predict either side of the atmosphere/ocean equation? Why or why not?

e Professor Happer also points out that, “...it's devilishly difficult to predict what a fluid will
do. Trying to figure out what two fluids will do in interaction with each other on a planetary
scale over long periods of time is close to impossible. Anyone who followed the forecasts
of Hurricane Irma’s path in the late summer of 2017 should understand this... even with
massive amounts of real-time data, the models still could not accurately predict Irma’s path
two days in advance.” What do you think makes predicting the behavior of fluid so difficult?
Considering what a failure current computer models are in terms of near-term prediction,
why do you think that some scientists even attempt long-term prediction with computer
models? Explain.

e Later in the video, Professor Happer asks, “Does any rational person believe that computer
models can precisely predict temperatures decades from now? The answer is, they
can’t. That's why, over the last 30 years, one climate prediction after another - based
on computer models - has been wrong. They’re wrong because even the most powerful
computers can’t solve all of the equations needed to accurately describe climate.” What
type of scientific and technological breakthroughs do you think would have to happen
in order for scientists to be able to predict climate in the future? Do you think those
breakthroughs will ever happen? Why or why not?

e Towards the end of the video, Professor Happer notes that, “...some climate scientists
replace the highly complex equations that describe the real-world climate with highly
simplified ones, their computer models. Discarding the unmanageable details modelers
“tune” their simplified equations with lots of adjustable inputs, numbers that can be
changed to produce whatever result the modelers want.” What factors do you think
contribute towards scientists operating in this manner? What are the negative short-term
and long-term consequences of scientists operating this way? Explain.
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EXTEND THE LEARNING:
CASE STUDY: Hurricane Irma

INSTRUCTIONS: Read the article “Hurricane Irma Should Teach Us Caution About
Predictions,” then answer the questions that follow.

What lesson drawn from Hurricane Irma is one we ought to have learned by now?
Why can the best of models be ‘off’ in very important ways? How much difference,
in terms of damage and cost, did 20 miles likely make? What is the Bermuda High
and what does it do? What were the effects of the Bermuda High on Hurricane Irma,
and thus on Florida? What did this uncertain event do to the predictive capacity of
the models? What is the ‘real lesson’ learned here according to the author?

Why did accurately predicting where the hurricane hit matter so much? Who did it
matter to? Does attempting to predict climate in the future matter or not? To whom
might future climate predictions matter? If meaningful and accurate computer
modeling of the climate cannot be done, what methods should policy makers rely on
instead to guide their efforts? Explain.

What is the author’'s main point? Do you agree with his main point? Why or why not?
Which points made by the author specifically support content in the video? Explain.



®.QUIZ

CAN CLIMATE MODELS PREDICT
CLIMATE CHANGE?

1. The climate is the most complex thing on the planet aside from

a. the ozone layer
b. politics

c. topography

d. the human brain

2. Even the most powerful computers can'’t solve all the equations needed to accurately
describe climate.

a. True
b. False

3. Trying to figure out what two fluids will do in interaction with each other on a planetary
scale over long periods of time is

a. simple

b. possible

c. difficult, but possible
d. close to impossible

4. Which of the following is a factor that influences climate?

a. Oceans

b. Clouds

c. Industrial man
d. All of the above.

5. The earth is essentially

a. a gaseous planet

b. bound for destruction
C. uninhabitable

d. a water planet
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®.QUIZ - ANSWER KEY

CAN CLIMATE MODELS PREDICT
CLIMATE CHANGE?

1. The climate is the most complex thing on the planet aside from

a. the ozone layer
b. politics

c. topography

d. the human brain

2. Even the most powerful computers can’t solve all the equations needed to accurately
describe climate.

a. True
b. False

3. Trying to figure out what two fluids will do in interaction with each other on a planetary
scale over long periods of time is

a. simple

b. possible

c. difficult, but possible
d. close to impossible

4. Which of the following is a factor that influences climate?

a. Oceans

b. Clouds

c. Industrial man
d. All of the above.

5. The earth is essentially

a. a gaseous planet

b. bound for destruction
C. uninhabitable

d. a water planet
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The Corner
The one and only.

Hurricane Irma Should Teach Us Caution About Predictions
by Dan McLaughlin September 14,2017 4:43 PM @baseballcrank

One of the lessons we should draw from Hurricane Irma is one we ought to have learned by now: not to
treat predictions of the future that are based on complex systems as facts. We do lots of predicting these
days based on reams of data fed into mathematical models, and hurricane prediction is among the best and
most sophisticated of these. Hurricane models are based on scores of prior observations, and there’s a lot
riding on their ability to keep people up to date on the path of a storm. The more hurricanes we observe and
match to the models, the more accurate they can become, and by historical standards, they’re very good at
it. And yet, most hurricane modeling is quite bad at long-term forecasting, even over a horizon of a week;
the models need to be continuously updated, and their predictions revised hourly based on new data, as
each storm progresses (even once Irma’s size and path were generally foreseeable, forecasters didn’t know
for days if the storm’s eye would head up Florida’s Atlantic or Gulf Coasts). And even then, the best of
models can be off in very important ways due to the interaction of the known elements of a complex system
(weather over the water). That’s exactly what happened with Irma as it veered away at the last minute from
delivering the kind of catastrophic damage to Florida’s mainland that it dropped on the Keys and several of
the islands to the south. As Bloomberg reports:

Twenty miles may have made a $150 billion difference. Estimates for the damage Hurricane Irma would
inflict on Florida kept mounting as it made its devastating sweep across the Caribbean. It was poised to be the
costliest U.S. storm on record. Then something called the Bermuda High intervened and tripped it up...If
Irma had passed 20 miles west of Marco Island instead of striking it on Sunday, “the damage would have
been astronomical.” A track like that would have placed the powerful, eastern eye wall of Irma on Florida’s
Gulf Coast. By one estimate, the total cost dropped to about $50 billion Monday from $200 billion over the
weekend. The state escaped the worst because Irma’s eye shifted away from the biggest population center of
Miami-Dade County. The credit goes to the Bermuda High, which acts like a sort of traffic cop for the
tropical North Atlantic Ocean. The circular system hovering over Bermuda jostled Irma onto northern Cuba
Saturday, where being over land sapped it of some power, and then around the tip of the Florida peninsula,
cutting down on storm surge damage on both coasts of the state.

This was not a failure of the models, so much as an inherently uncertain event that overwhelmed the
predictive capacity of the models:

For 10 days, computer-forecast models had struggled with how the high was going to push Irma around and
when it was going to stop, said Peter Sousounis, director of meteorology at AIR Worldwide. “I have never
watched a forecast more carefully than Irma. I was very surprised not by how one model was going back and
forth — but by how all the models were going back and forth.”...Now meteorologists are watching Hurricane
Jose churn in a circle north of the Leeward Islands. Sousounis said computer models are struggling to predict
whether it will pass harmlessly out to sea or strike Cape Cod at the end of Massachusetts. Jose won’t give up
the answer for more than a week.

While there may be lessons in these storms to incorporate into future improvements in the models, the real
lesson here is much the same as the lesson after election forecasters like Nate Silver had Donald Trump
with about a 1 in 3 chance to win the 2016 election based on the available polling entering Election Day:
probabilities aren’t facts, there are limits to our ability to predict complex systems, and an event with a
nonzero projected chance of happening will sometimes happen. The more complex the system, the more
likely it is to thwart efforts at projection. And yet, we keep seeing predictions about vastly more complex
systems like the climate or the economy being treated as if they were hard, undebatable facts — even when
the predictors have a track record of recurring failure of their past predictions, rather than the records of



Silver or the hurricane modelers, who have been right more than wrong. Government projections of future
revenues from tax legislation, or the cost of federal programs, are rarely correct. The CBO has been wrong
about Obamacare enrollment continuously for years, yet its projections are treated as if they were the scores
from yesterday’s ballgames. The 2008 financial crisis was in large part a story of systemic failures, in the
private and public sectors, to project the trajectory of housing markets and their impact on financing
structures. In the words of Yoda, “always in motion, the future is.” The world is a complicated place, and it
is often only in hindsight that we see how all the pieces interact. Both history and data are useful tools for
understanding where we may be headed at any given moment, and indeed, it was prudent for people on the
Florida coast to take seriously the threat that Irma might have been a lot worse (it was plenty dangerous
enough as is). But we should all have a little more humility and a lot less hubris and scientistic
triumphalism about “facts” that are really just educated guesses with numbers. This won’t be the last time
they are this far off.



