Influencing people

Climate communication



Assignments

Bria ; . .

(Optional) course feedback:
https://nyu.qualtrics.com/jfe/form/SV_73c1EEHPLaJVO62

Written Project Plan
Due Thursday the 23rd by midnight.
Project Plan Presentation

Tuesday the 28th, in class.


https://nyu.qualtrics.com/jfe/form/SV_73c1EEHPLaJVO62

Short project plan

~500 words. Provide team members and team name. Describe the problem you
are tackling and how it will help mitigate or adapt to climate change and why you
chose this problem. Explain the data you intend to use, the methods, and how you
will evaluate your results. List anticipated challenges (e.g., data cleaning issues,
learning to use new methods/coding packages, etc).

Due March 23. | will provide feedback on your plan before your presentation.



Climate change in the news




. ] “Global average temperatures are estimated
Cllmate Chanqe N the nNews to rise 1.5 degrees Celsius (2.7 degrees
- Fahrenheit) above preindustrial levels
sometime around “the first half of the 2030s,”
as humans continue to burn coal, oil and

Ele New York Times natural gas.

The report comes as the world’s two biggest polluters, China and
the United States, continue to approve new fossil fuel projects. Last
year, China issued permits for 168 coal-fired power plants of
various sizes, according to the Centre for Research on Energy and

BREAKING NEWS
Earth is likely to cross a critical global

warming threshold within the next Clean Air in Finland. Last week, the Biden administration
decade unless drastic changes are approved an enormous oil drilling project known as Willow that
made, a major U.N. report said. will take place on pristine federal land in Alaska.

Monday, March 20, 2023 9:04 AM ET

The report by the Intergovernmental Panel on Climate Change, a Biden Administration Approues Huge
body of experts convened by the United Nations, says it is still A I k O.I P .

possible to hold global warming to relatively safe levels, but asra Ui rOJeCt

doing so will require global cooperation, billions of dollars and

The administration also announced new limits on Arctic drilling
big changes.

in an apparent effort to temper criticism over the $8 billion

B Willow oil project, which has faced sharp opposition.



Everything is done by people
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What do people think about climate change?

Estimated % of adults who think global warming is happening (nat'l avg.
72%), 2021

Select Question: Global warming is happening v Absolute Value v

Click on map to select geography, or: Select a State v Select a Congressional District v

National 100%
States 95%
90%
Congressional 85%
Districts 80%
75%
Metro Areas 70%
65%
Counties 60%—
55%—
50%—
45% —
40%
35%
30%
25%
20%
15%
10%

5%
0%

United States 50%

Yes



What do people think about climate change?

Estimated % of adults who think Congress should do more to address global
warming (nat'l avg. 61%), 2021

Select Question: Congress should do more to address global warming v Absolute Value v

v Select a Congressional District

Click on map to select geography, or: Select a State

National

States

Congressional
Districts

Metro Areas

Counties

UcCsB ¥ Climate Change /
vz sorxin Communication ﬁ&'ﬁﬁmw

61% \22% ‘
Less

United States

More



What do people think about climate change?

Estimated % of adults who think global warming is mostly caused by human
activities (nat'l avg. 57%), 2021

Select Question: Global warming is caused mostly by human activities v Absolute Value v

Click on map to select geography, or: Select a State v Select a Congressional District M

National

States

Congressional
Districts

Metro Areas

Counties

) Climate Change ﬁ
SN Q Al UtahState
Communication e Unhersity

United States

57% ’ 30% |

Human activities Natural changes



What do people think about climate change?

Estimated % of adults who think global warming will harm them personally
(nat'l avg. 47%), 2021

Select Question: Global warming will harm me personally v Absolute Value v

Click on map to select geography, or: Select a State v Select a Congressional District v

National ; 100%
States 95%
90%
/
Districts 80%
75%
Metro Areas 70%
- 65%
Counties 60%—
55%—
50%—
45% —
40%
35%
30%
....... 25%
20%
15%
10%;
5%
0%

United States 50%

Great/Moderate Amount ‘ Little/Not at all



What do people think about climate change?

Estimated % of adults who hear about global warming in the media at least
once a week (nat'l avg. 33%), 2021

Select Question: Hear about global warming in the media at least once a week v Absolute Value v

Click on map to select geography, or: Select a State v Select a Congressional District v

National 100%

95%
90%
85%
80%
75%
70%
65%
60%—
55%—
50%—
45%—
40%
35%
30%
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20%
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What do people think about climate change?

Climate change is a threat in the next 20 years

% who think climate change is a 'very' or 'somewhat’ serious threat over next 20 years
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What do people think about climate change?

Climate change should be a government priority
% who think climate change should be a 'very high' or 'high' government priority
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Source: Yale Program on Climate Change Communication / Data for Good at Meta + Created with Datawrapper



What do people think about climate change?

Support for reducing fossil fuels

% who support ‘much less’ or 'somewhat less' fossil fuels
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Can we change people’s minds?

Scientific consensus

2008
o
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Estimated % of adults
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happening, 2008-2020.
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Figure 1. Variations in percentage of Americans by state and over time who think that most scientists think that global warming is

2011 2012

It's already been happening

https://iopscience.iop.org/article/10.1088/1748-9326/aca702/meta


https://iopscience.iop.org/article/10.1088/1748-9326/aca702/meta

Can we change people’s minds?

Oil companies have done it (in the wrong way

Who told

you the earth was
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Lies they tell our children

“Idon't have a future:

With tears streaming down her face, a 13
year-old girl made this bleak assessment to
her father. To back up her pessimism, she
had brought home from school a mimeo-
graphed sheet listing the horrors that
awaited her generation in the next 25 years:
Worldwide tamine, overpopulation, air pol-
lution S0 bad that everyone would wear a
9as mask. befouled rivers and sireams that

inthe U.S. are less than half what they were
from 1957 0 1967.

® The amount of unhealthy sulfur dioxide
in the air has been steadily declining since
1970

= The bacteria level in the Hudson River
declined by more than 30 percent between
1966 and 1980.

Textbooks, Professor Landon finds, my-
thologize nature as eternally benign until

Its

in drinking
walet a greenhouse effect that would melt
the polarice caps and devastate US. coastal
cllies...a cancer epidemic brought on by
damage to the ozone layer

Moved by the gir's misery. her father,
Herbert I. London of the Hudson Institute
and New York University, wrote a book, Why
Are They Lying to Our Children? The book
documents how some of the myths of the
1960s and 1970s—and some much older
han th dt

ht

as gospel truth in some of our schools. And
the book raises a question in our minds: Will
the next generation have any betler under-
standing of science and technoiogy—both
their menits and their problems—than our
own?

Professor London s book 15 not a plea for
unbridied technology. But it is a plea for
balance. And school textbooks. he believes,
are notoriously unbalanced. In dealing with
environmental questions, for example, no
textbook the professor could tind made any
mention of the following facts:

the air, floods that overwhelm river towns,
and tormadoes that lift people into oblivion
loreover, texibooks hardly mention the
promise of a bright future already on the
rage life
may aw:own 90 yoars, when products
derived from recombinant DNA research
will eliminate most viral diseases. when
we will enjoy greater leisure, and male-
rials—especially plastics—will be better.
stronger, and safer.

Professor London's conclusion—with
which we heartily agree—is that we should
help our children think for themselves and
reach balanced conclusions. Let's look at
thewr textbooks, not to censor them but to
raise questions. Lel's give them different
points of view and help discuss them. That
way we can educate a new generation of
Shtzons who aren't scared by acience. end
who won't be swayed hologies

‘Our youngsters do havo afuture. We, and

= Total f hydrocar-
bons. carbon monoxide, and nitrogen oxide

its problems.

Mobil

Unsettled Science

Knowing that weather forecasts are reliable for a
few days at best, we should recognize the enor-
mous challenge facing scientists seeking to pre-
dict cimate change and its impact over the next
century. In spite of everyone's desire for clear
answaers, it is not surprising that fundamental
s in knowdedge leave ntists unable to
make reliable predictions about future changes.
A recent repart from the National Re-
search Coundil (NRC) raises important issues,
including these still-unanswered questions:
(1) Has human activity al-
ready begun

change  S¥9assoSea Temperature

oover, computer models relied upcn
by climate scientists precict that lower atmos-
pheric temparatures will rise as fast as or faster
than temperatures at the surface. However, oty
within the last 20 years have relisble globsl
measurements of temperatures in the lower at-
able through the use of
satelito tochnology. Thesemeasusrements show
fttle if any warming

Even less is known about the potential
postive o negative impacts of cliimate change.
In fact, many academic
studies and field experi-

temperature and the
mate, and (2) How signifi
future change be?
The NRC repart con-
firms that Earth’s surface
temperature has risen by ™
about 1 degree Fahrenhait
the past 150 years
Some use this result to
claim that humens ore
causing global waming,
and they point to stoms o 00 w0 0
oods t that danger- 224
ous impacts are aiready
under way. Yet scientists remain unable to
frm either contention
evidence indicates that cimate
and greanhouse gas lovels axperiance significant
natural variabifity for reasons having nothing to
do with human activity. Historical records and
current scientific evidence show that Eulf:e and
North America experienced a medi
period cne thousand years ago, fo
turies later by a fittle ice age. The geclogical
record shows even lerger changes throughout
Earth’s history. Against this backdrop of large,
poory understood natural varisbiity, it is impos-
sible for scientists to attribute the r small
surface temperature increase to human causes.

ments have den

oo
e o

xide can promote
- crop and ferest growth.

So, whie scme argue
that the science debate is
settied and governments
should focus only on near-
term poiicies—that is empty
rhetoric. Inevitably, future
saentific research W
wom 5@ 200 us understand he

and wil help determine vhat ac
sirable 1o address the long-term.

Sdence has given us encugh information
to know that cimate changes may pose long
term risks. Natural variabiity and human acthity
may lead to cimate change that cculd be signif.
icant and perhaps both positive and negative
Consequently, people, companies and govem-
ments should take r sible actions now to
address the issue,

One essential step s to encourage devel
ment of lower-emission technologias to meet
our future needs for energy. We'll next look at
the promise of technology and what is being
done today,

Ex¢onMobil

‘ExxonMobil’s climate “advertorials” — advertisements disguised as editorials — appeared in the op-ed
page of the New York Times and other newspapers and were part of what scholars have called “the
longest, regular (weekly) use of media to influence public and elite opinion in contemporary America”



What is effective at changing minds?

Known/Optimal Outcomes

Values

Behaviors

Desired Behaviors

Information Deficit

Information

Reflection

Attitudes

| Behaviors |

Procedural Rhetoric

Initial State

Attitudes

-Behawors

5 7 Active N\ :
< Participatory >
\ Processes £

Values l l I Attitudes

Behaviors

New State

Emergent Dialogue

The ability to change minds and behaviors can depend simply on providing information or may

require more involved processes of interaction and activations of a sense of identity

Tanenbaum et al., 201



What is effective at changing minds?

Enforcing that there is scientific consensus

Estimates of the scientific consensus across conditions and audience segments

Alarmed Concerned Cautious Doubtful Dismissive

B o5 “We delivered a consensus message (i.e.,
8 o7 X % “97% of climate scientists have concluded
£ - & 80 that human-caused global warming is
w801 ;é 53 K ] happening”) to members of five of the six
=~ 69 68 U.S. climate audiences. We found that all
2 * o ¥ audiences — from Alarmed to Dismissive —
§ 60 - 3 . updated their beliefs about the scientific
g 3 consensus.”
(&

40 -

Corl\trol Treatlment Cor;trol Treatlment Corlltrol Treatlment CorI\troI Treatlment Corlltrol Treatlment
Condition
Note. Vertical error bars represent 95% confidence intervals. Horizontal error bars represent 83%
confidence intervals to facilitate visual comparisons of significant differences at p = .05. Values are https://climatecommunication.yale.edu/pub

lications/communicating-the-scientific-cons
ensus-on-climate-change-diverse-audienc
es-and-effects-over-time/

means adjusted for pre-treatment estimates of the scientific consensus.


https://climatecommunication.yale.edu/publications/communicating-the-scientific-consensus-on-climate-change-diverse-audiences-and-effects-over-time/
https://climatecommunication.yale.edu/publications/communicating-the-scientific-consensus-on-climate-change-diverse-audiences-and-effects-over-time/
https://climatecommunication.yale.edu/publications/communicating-the-scientific-consensus-on-climate-change-diverse-audiences-and-effects-over-time/
https://climatecommunication.yale.edu/publications/communicating-the-scientific-consensus-on-climate-change-diverse-audiences-and-effects-over-time/

What is effective at changing minds?

Emphasizing co-benefits

A.

treatment effect in SD units

treatment effect in SD units

Cost Savings Frame

@ Democrats
Republicans
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The three panels show the effect of each of the three
frames (Panel A = Cost Savings Frame; Panel B = Economy
& Jobs Frame; Panel C = Global Warming Frame). The
values in each panel represent the size of the effect (y-axis)
of that frame on beliefs about that benefit of renewable
energy, for Democrats and Republicans separately.

The x-axis shows how the size of these persuasive effects
decayed over time. Time 1 measurement was immediately
after viewing the message. Time 2 was an average of 11
days after Time 1. Time 3 was an average of 23 days after
Time 1. Error bars indicate 95% confidence intervals

around the mean.
-~ University of YALE PROGRAM ON
Climate Change
l@ CINCINNATI C Communication



What is effective at changing minds?

Changing actions can change beliefs

In fact, taking action with concrete solutions can actually help change minds. “Belief
and action are connected,” said anthropologist Ben Orlove, co-director of the Earth
Institute’s Center for Research on Environmental Decisions. “Belief is often a basis for
action. But once you're committed to a course of action, you tend to find lots of

reasons for why you did it."

Hayhoe told a story that illustrates just this point. For years, her colleague argued the
science of climate change with his father who was a long-time doubter, but he was
never able to change his father’s mind. Finally the local community offered a big
rebate to get solar panels, so the father installed them on his house. One year later,
after telling everyone what a good deal it was and how much money he had saved,
the father came to Hayhoe's colleague and said, “You know, that climate thing might
be real after all.”

https://news.climate.columbia.edu/2017/08/09/what-changes-minds-about-climate-change/



https://news.climate.columbia.edu/2017/08/09/what-changes-minds-about-climate-change/

What is effective at changing minds?

‘Inoculation’ against known misinformation

20
1

Letting people know that
politically-motivated actors are
spreading misinformation about

climate change (In1 and In2) can
reduce the impact of that
E ; misinformation.

CT-Only CM-Only CT|CM In1|CM I[n2|CM Control

10
1

Difference in Perceived Scientific Consensus (%)

Note: CT = Consensus Treatment, CM = Counter-Message, Inl = General Inoculation, In2 = Detailed Inoculation. https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.201
Error bars represent 95% confidence intervals. 600008



https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.201600008
https://onlinelibrary.wiley.com/doi/full/10.1002/gch2.201600008

What is effective at changing minds?

Correlations between predictors and self-reported opinion change
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https://climatecommunication.yale.edu/publications/experience-with-global-warming-is-changing-peoples-minds-about-it/



https://climatecommunication.yale.edu/publications/experience-with-global-warming-is-changing-peoples-minds-about-it/

Epistemic Skepticism: From skepticism to belief

US Population
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b road e r SOCI al ¢ " Renewable Energy Jobs
o : ,—|—| Air Pollution Reduction
mObl I |Zat|0n : Skeptic Accepts National Security
about the impacts impacts of
of human-caused human-caused
i z global heating global heating
Shift the skeptics —

to belief o
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to action | | |
Little Action Larger Action
(Personal) (Personal & Collective)
Look at it to some extent |
Leverage co- Make some personal changes I

1
Activism Advocacy]

benefits to get
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Response Skepticism: From belief to action

https://aronclimatecrisis.net/resources/



https://aronclimatecrisis.net/resources/

Paper Deep Dive

VISUALIZING THE CONSEQUENCES OF CLIMATE
CHANGE USING CYCLE-CONSISTENT ADVERSARIAL

NETWORKS
Victor Schmidt*, Alexandra Luccioni; S. Karthik Mukkavilli, Narmada Balasooriya
Kris Sankaran, & Yoshua Bengio ConscientAl Labs,
Montreal Institute for Learning Algorithms Colombo, Sri Lanka

Montreal, Canada
{schmidtv, luccionis, mukkavis}@mila .quebec

Jennifer Chayes
Microsoft Research New England
Cambridge, Massachusetts

https://arxiv.orq/pdf/1905.03709.pdf



https://arxiv.org/pdf/1905.03709.pdf

The goal

“Recent studies have shown that political will is currently the main obstacle to
keeping temperature rise within the limits proposed by the IPCC”

“It is difficult for people to mentally simulate the complex and probabilistic effects
of climate change. People often discount the impact that their actions will
have on the future, especially if the consequences are long-term, abstract, and at
odds with current behavior and identity”

“Aim to generate images that depict accurate, vivid, and personalized
outcomes of climate change” (particularly flooding)



Brainstorm

What kind of data would you want to have to be able to approach this problem?
What kind of methods would you apply?
How would you measure success?

What difficulties might we face?



Data

Collected by “manually searching open source photo-sharing websites for images
of houses from various neighborhoods and settings”

Collected 500+ images of flooded homes, and 500 of non-flooded homes (not
matched)

300x300 pixels




Data problem!

1000 images is not a lot of images for such a complex problem.

What can be done?



Data augmentation

“In order to increase the quantity of images that we could use for training, we
performed several data augmentation techniques such as: random crops of a
subset of each image, horizontal flipping, small rotations, etc., which enabled us to

increase our data set five-fold to over 5000 images total.”

Original Rotation Flip Scaling Brightness

=2

https://www.baeldung.com/cs/ml-data-augmentation



https://www.baeldung.com/cs/ml-data-augmentation

Method

Unpaired Image-to-Image Translation
using Cycle-Consistent Adversarial Networks

Jun-Yan Zhu* Taesung Park” Phillip Isola Alexel A. Efros
Berkeley Al Research (BAIR) laboratory, UC Berkeley

https://arxiv.ora/pdf/1703.10593.pdf

“CycleGAN”, developed in 2017


https://arxiv.org/pdf/1703.10593.pdf

Cycle-consistent generative adversarial network

What is a generative model?
What is an adversarial network?

What does cycle-consistency mean?



Discriminative vs Generative models

Generative Discriminative

Discriminative models find a way to separate input data

Generative models aim to identify the populations that underlie the data and sample examples
from them. In this way, they can *generate* data



What are generative adversarial networks (GANs)?

Generator

GANs are based on the idea that a generative model will get better if it needs to fool a discriminator that is trying to spot real vs.
fake (generated) data.

simplilearn



What are generative adversarial networks (GANs)?

Training set V Discriminator

Random
noise

/Fake image

In a GAN, both the generator and the discriminator are artificial neural networks.
They are trained together.

Generator

https://sthalles.github.io/intro-to-gans/



What are generative adversarial networks (GANs)?

Algorithm 1 Minibatch stochastic gradient descent training of generative adversarial nets. The number of
steps to apply to the discriminator, k, is a hyperparameter. We used k = 1, the least expensive option, in our
experiments.
for number of training iterations do
for & steps do
e Sample minibatch of m noise samples {z(!, ..., z(™)} from noise prior py(z).

o Sample minibatch of m examples {()),... (™} from data generating distribution
Pdula(m)-

N Discriminator o Update the discriminator by ascending its stochastic gradient:
. Real m

Training set é V

Random

noise
— — @ end for
- e Sample minibatch of m noise samples {z(1), ..., 2™} from noise prior p ().

. . Fake image o Update the generator by descending its stochastic gradient:
enerator -

= oz 3 [ () +108 (10 (6 (=)))]

m

Vg”% glog (1 -D (G’ (z(i)))) ’

end for
The gradient-based updates can use any standard gradient-based learning rule. We used momen-
tum in our experiments.

The two networks are trained together, with opposite goals.

Diego Gomez Mosquera
https://sthalles.github.io/intro-to-gans/


https://medium.com/@diegoalejogm0?source=---two_column_layout_sidebar----------------------------------

What are generative adversarial networks (GANs)?

Here, the generator learned the statistics of hand-written digits.

https://sthalles.github.io/intro-to-gans/



Image-to-image

In a standard GAN, a meaningless input is put into the network and it generates
an image that looks like it could have come from the training set. In this version,
there is no way to control the specific properties of the generated image.

Here, we want to be able to edit a specific image.



Image-to-image

Previous work has built GANs based on *pairs* of images instead. For example, if
you want to generate a photo-realistic image from a sketch/edges.

Image-to-Image Translation with Conditional Adversarial Networks
real
Phillip Isola Jun-Yan Zhu Tinghui Zhou Alexei A. Efros
AN =y Berkeley Al Research (BAIR) Laboratory, UC Berkeley
vl ,‘ s [ 7' 2 {isola, junyanz,tinghuiz, efros}@eecs.berkeley.e

Figure 2: Training a conditional GAN to map edges—photo. The
discriminator, D, learns to classify between fake (synthesized by
the generator) and real {edge, photo} tuples. The generator, G,
learns to fool the discriminator. Unlike an unconditional GAN,
both the generator and discriminator observe the input edge map.



Image-to-image

Previous work has built GANs based on *pairs* of images instead. For example, if
you want to generate a photo-realistic image from a sketch/edges.

But we don’t have paired images!
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Figure 2: Training a conditional GAN to map edges—photo. The
discriminator, D, learns to classify between fake (synthesized by
the generator) and real {edge, photo} tuples. The generator, G,
learns to fool the discriminator. Unlike an unconditional GAN,
both the generator and discriminator observe the input edge map.



Cycle-consistent generative adversarial network
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CycleGANSs start with two separate GANs, each trained to produce images from

the two separate image categories



Cycle-consistent generative adversarial network
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“Cycle-consistent” networks constrain the type of image produced by forcing the two image-generating
networks to be consistent with each other. Specifically, if an image from one class is transferred to the
other, applying the transformation in the opposite direction should return the original image.



Cycle-consistent generative adversarial network
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We incentivize this behavior using a ci\-'éle cons.istevn.cvy loss:
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“Cycle-consistent” networks constrain the type of image produced by forcing the two image-generating
networks to be consistent with each other. Specifically, if an image from one class is transferred to the
other, applying the transformation in the opposite direction should return the original image.



Cycle-consistent generative adversarial network
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Model/data problem

“A challenge that we encountered was the fact that flooding is not truly a
one-to-one mapping such as the one assumed by the CycleGAN approach, but in
fact a many-to-one mapping, i.e. roads, grass, dirt, fences are all mapped to
water. For this reason, our data collection was constrained to houses surrounded
by lawns, which were then mapped to water by the model.”



Results

“From the 80 images in the test set, we found that about 70% were successfully

mapped to realistically flooded houses”




5 DISCUSSION AND FUTURE DIRECTIONS

The initial version of the CycleGAN model that we have developed in the present paper is a prototype
to illustrate the feasibility of applying generative models to create personalized images of an extreme
climate event, flooding, that is expected to increase in frequency based on climate change projec-
tions. Subsequent versions of our model will integrate more varied types of houses and surroundings,
as well as different types of climate-change related extreme event phenomena (i.e. droughts, hurri-
canes, wildfires, air pollution etc), depending on the expected impacts at a given location, as well as
forecast time horizons.

https://thisclimatedoesnotexist.com



https://thisclimatedoesnotexist.com




Further ideas/issues

Connect the image generation to the output of a climate model (and let users enter
actions/pathways). However, most climate model predictions are too spatially

coarse to be applied to individual homes.

Will this influence minds/behavior?



Further Resources

Psychology studies from Part Il of this course:
https://aronclimatecrisis.net/resources/

Informal survey of ex-climate deniers:
https://news.climate.columbia.edu/2017/08/09/what-changes-minds-about-climate-

change/

https://www.tensorflow.org/tutorials/generative/cyclegan

Using Artificial Intelligence to Visualize the Impacts of Climate Change

Using Simulated Data To Generate Images Of Climate Change

Establishing an evaluation metric to quantify climate change image realism



https://aronclimatecrisis.net/resources/
https://news.climate.columbia.edu/2017/08/09/what-changes-minds-about-climate-change/
https://news.climate.columbia.edu/2017/08/09/what-changes-minds-about-climate-change/
https://www.tensorflow.org/tutorials/generative/cyclegan
https://ieeexplore.ieee.org/abstract/document/9325146/
https://arxiv.org/pdf/2001.09531.pdf
https://arxiv.org/pdf/2001.09531.pdf
https://iopscience.iop.org/article/10.1088/2632-2153/ab7657/pdf
https://iopscience.iop.org/article/10.1088/2632-2153/ab7657/pdf
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Figure 1. Variations in percentage of Americans by state and over time who think that most scientists think that global warming is
happening, 2008-2020.
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