usan M. Schneider,



The Bad News




IPCC October 2018 Report
A Clarion Call

“The m1mpact of human-induced
warming Is worse than previously
feared, and only drastic
coordinated action will keep the
damage short of catastrophe.”
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CO2 emissions vs Atmospheric CO2 Levels
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carbon dioxide level (parts per million
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= Spectrum of greenhouse radiation

Bes -

E

RS CO2 attribution:
e C12/C13 isotope ratio

=2

E qEi5 -

S CFC11

o €92 CFC12

E ek | HMNO,

|
L1 4 M i ] i A i i M i A ]
&0a |00 TR 12CHE 1400 THLH] 1200 010K

Wavenumber (cm '}
Evans (2006)



Presenter
Presentation Notes
Attribution: CO2 from fossil fuels has fingerprints: depleted in carbon-13 isotope, explains why atmospheric ratio of carbon-12 to carbon-13 has been going up as anthropogenic carbon dioxide goes up. Volcanic & oceanic emissions of CO2 are small compared to anthropogenic emissions. Graph: wavelengths of energy, measured at the Earth’s surface. Among the spikes you can see energy being radiated back to Earth by ozone (O3), methane (CH4), and nitrous oxide (N20). But the spike for CO2 on the left dwarfs all the other greenhouse gases, and tells us something very important: most of the energy being trapped is CO2 - 18th Conference on Climate Variability and ChangeP1.7 
Measurements of the Radiative Surface Forcing of Climate
W.F.J. Evans, North West Research Associates, Bellevue, WA; and E. Puckrin



The Consensus

9/ out of 100 climate experts thin
humans are changing globa\ temperature
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Indicators of a Warming World
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Also increased disease vectors


Global Greenhouse Gas Emissions
by Economic Sector
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2014 estimates


Carbon Footprints

US: 18 tons CO2e per capita

Australia: 16 tons

Canada: 16 tons

Germany: 11 tons CO2

UK: 8 tons e P
Sweden: 7 tons e
China: 6 tons S e
India: 2 tons e e s L

| +— current level

US Department of Energy/
UN/Global Carbon Project
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India industrializing, many still no electricity. China: many still struggle. Both 4 x US pop.  EU has over 510 million vs 320. 
WWII sacrifices: rationing & voluntary cutbacks - social norms, obvious, agreed on threat.  Now:  can potentially meet GHG reduction goals, minimize sacrifice via European/Japanese lifestyles.  


Climate Change Websites
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"y SkepticalScience

Getting skeptical about global warming skepticism

Arguments Software Resources Comments The Consensus Project Translations About Donate

Search... - . . . . Wi f the 2011
Searc 60 Explaining climate change science & rebutting global warming ——
I ‘ﬂn Lo . misinformation
Scientific skepticism is healthy. Scientists should always challenge themselves to improve .
@ their understanding. Yet this isn't what happens with climate change denial. Skeptics Austr‘ahan
Posts Commerts Email vigorously criticise any evidence that supports man-made global warming and yet embrace museum
any argument, op-ed, blog or study that purports to refute global warming. This website
MO ST U S E D gets skeptical about global warming skepticism. Do their arguments have any scientific Eureka Prize
- basis? What does the peer reviewed scientific literature say? Advancement of
Climate Myths cim change
1 ) nowledge
Newcomers, [ H{ﬂﬂrf}f;f Bl The Big
Climate's ch bef . : :
imates changed before start here : : Picture Climate Science
i's the sun Climate Science
It's not bad CROWD
There iz no consensus L. . . SOURF%HE'NG
S Rising CO2 levels could push ‘hundreds of millions’ into - S
Models are unreliabie malnutrition by 2050 ind j

Temp record is unreliable
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Climate Change E-Newsletters

"I'AL‘E
Climate
& Connections

e Yale Climate Connections
 \World Resources Institute



@Outstanding Climate Change Books

The
Uninhabitable

n u A Earth
u 1YY Life After Warming

THEMOST COMPRERENSIVE David
PLAN EVER PROPOSED TO Jf  "7@cc s
REVERSE GLOBAL WARMING

EDITED BY PAUL HAWKEN

0

£
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Let me start by highlighting a few of dozens of CC books I’ve read. My LkIn annota. Drawdown: 80 current methods, 20 near-future. top 10:  Educating girls, empowering women. Overall savings - but later. 


THE CARBON FOOTPRINT
OF EVERYTHING

MIKE BERNERS-LEE



Good News!

—=C02 Growth Global Carbon Pollution vs. GDP Growth
=0=GDP Growth
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https://www.theguardian.com/environment/climate-consensus-97-per-cent/
WO rl d Ban k 2017/oct/30/new-data-gives-hope-for-meeting-the-paris-climate-targets
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Nuccitelli, Guardian.


Good News/Bad News

dge and technology
nancial savings

science and technology
elp us If we don’t use It




Information IS Se/aom Enougn

1970s oil embargo
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Natural experiment. 1970s gas shortage didn’t change people longterm.   All too often, info works only for a few, or temporarily.  


Behavioral Economics

Nudge

||:'|5'|:|::-'|.-| ng Ireciginns abang

Health. Wealth. and Happiness

Richard . Thaler and {lass-H. Sunelein

... \nith o new afieruernd
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The Science of
Consequences

N

HOW THEY
AFFECT GENES, CHANGE THE BRAIN,
AND IMPACT OUR WORLD

SUSAN M. SCHNEIDER




Learning Principles

A century of research

Well-quantified

Extensive application

Awesome generality:
hundreds of species

Advanced neurophysiological and
genetic understanding

it o
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Truly ubiquitous, and all these features apply.  *Focus on operants*


American Psychological
Assoclation Task Force |

.

)

[he Main. Bartiers
Old Habits
A Sense of Futility

ldeally: New green habits
New social norms
Natural rewards




Incentives & Sustainability

Vermont and
time-of-use
electricity
pricing




Hypermilers & Feedback

“% Consumption
@ =50Wh Regenerated

OUTSIDE

TEMP

72 F

s'nmin 2'5 z'n — |

MPG

il |

: http://www.wikiwand.com/en/Toyota_Prius_(XW20)
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From incentives in Cap & trade to immediate reinforcing feedback from Prius dashboard, basic idea of reinforcers and some of the associated factors well established in field.  Some hypermilers… Gamify. Feedback: component analysis, up to 7 behal functions. 


\ariable Schedules
of Reinforcement

Gambling
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leverage your incentives most effectively.  Gambling, Selling on commission.  


\ariable Schedules

Deslauriers, B. C., & Everett, P. B. (1977). Effects of intermittent and continuous token reinforcement on bus ridership.
Journal of Applied Psychology, 62, 369-375.
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Expt: BL, continuous token rft, every third person. Statistically similar increase in ridership.  Leverage.  Continuous to variable for *maintenance*:  Ideally:  Habit establishment plus natural, "intrinsic" reinforcers such as obvious benefits, social support, and satisfaction of one's environmental conscience 


Schedules & Maintenance

Runnion, A., Watson, J. D., & McWhorter, J. (1978). Energy savings in interstate transportation through
feedback and reinforcement. Journal of Organizational Behavior Management, 1, 180-191.
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Presentation Notes
A Cold Turkey drop of an intervention often means an end to the behavior change too. Whole science of maintenance exists in associative learning. ACEEE’s Run on Less.  Feedback, public recognition, weekly lotteries – 2nd year, less often.  Fuel efficiency continued increase.  


Schedules & Maintenance
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Runnion, A., Watson, J. D., & McWhorter, J. (1978). Energy savings in interstate transportation through
feedback and reinforcement. Journal of Organizational Behavior Management, 1, 180-191.
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A Cold Turkey drop of an intervention often means an end to the behavior change too. Whole science of maintenance exists in associative learning. ACEEE’s Run on Less.  Feedback, public recognition, weekly lotteries – 2nd year, less often.  Fuel efficiency continued increase.  


The Problem of “Delay Discounting”
Climate Crisis/Coronavirus Crisis




Fostering Wiser Choices

» Establishing new habits
» Soclal support/new social norms

» Informal/formal commitments
» Healthier alternative rewards
» Successful models to follow

« Recording progress on >
checklists, charts, and apps " &



Large Scale Gamification

Mir g SREET
Technology o e TR E
Review T

Rewriting Life
Pokemon Go Increased U.S.
Activity Levels by 144 Billion Steps

in Just 30 Days

This gaming craze increases activity levels for players,
regardless of their age, sex, or weight.

by Emerging Technology fromthe arXiv  October 21, 2016

Althoff, White, & Horvitz (2016)

Over 25 million players in US

Over 800 actives In the study/
26,000 controls



Gamifying Sustainability:
Energy Chickens!

Orland, B., Ram, N., Lang, D., Houser, K. W.,, Kling, N., & Coccia, M. (2014). Saving energy in an office
environment: A serious game intervention. Energy and Buildings, 74, 43-52.
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in-office.  Penn State - nonprofit


Energy Chickens at the Office —

Success!

Individual scoring, use collected
eggs to build up farm

42 participants
288 devices,
12 weeks

13% decline In energy use

Orland, B., Ram, N., Lang, D., Houser, K. W., Kling, N., & Coccia, M. (2014). Saving energy in an office
environment: A serious game intervention. Energy and Buildings, 74, 43-52.



Food Dudes

Dublin - Consumption of school provided fruit
& vegetables (%)

>~

Experimental Control
47 “Food

Dudes”

I_l Baseline
= Intﬂrvmtmn

ruit Veg
Horne, PJ et al. (2009) Increasing parental provision and chlldren S consumptlon of lunchbox fruit and vegetables in
Ireland: the Food Dudes intervention. European Journal of Clinical Nutrition, 63, 613-18.
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Global Mammalian Biomass

M Livestock

B Humans
» Wild

Zeller, U., Starik, N., & Gottert, T. (2017). Biodiversity, land use and ecosystem
services—An organismic and comparative approach to different geographical regions.
Global Ecology and Conservation 10.114-125.



High Impact & Broad Impact

iy
®
@
>
L=
@
o
@
£
o
Q
=
0
=
L=
%
"
0
c
o
W
=
£
L

Have one Live car Avoid one Buy green Buy more Switch Plant-based Replace Wash Recycle Hang dry Upgrade
fewer child free transatlantic enemy efficient electric car diet gasoling clothes in clothes  light bulbs
flight car to car fres with hybrid cold water

I High-Impact (=0.8 tC0.8) Moderate-impact (0.2-0.8 tCO.e) Low-impact (<0.2 tC0.8) == Meaan regional value

Figure 1. A comparison of the emissions reductions from various individual actions. The height of the bar represents the mean of all
studies identified in developed nations, while black lines indicate mean values for selected countries or regions (identified by 150
codes) where data were available from specific studies. We have classified actions as high (green), moderate (blue), and low (vellow)
impact in terms of greenhouse gas emissions reductions. Note the break in the y-axis. See supplementary materials 5 for details.
Wynes, S., & Nicholas, K. A. (2017). The climate mitigation gap: education and government recommendations miss the most
effective individual actions. Environmental Research Letters, 12.
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All behavior.  Group, state, business –& individual. Under 2, tough goal. US avg 16-18 tons CO2-e per capita. 1 transatlantic flight + eating meat at most meals puts over limit of 2. Yale: 25%: people won’t be willing to change behavior, doomed. 50% skeptical we’ll be fast enough. 


=)
Success: Seattle’s “In Motion” Inltlatlve

* Reduce solo car trips/Increase ¢ ﬁ
public transit, carpooling, biking*

e Barriers identified

e TiIMIing

e Start small (shaping)

e Pledges/free transit card
e Public meetings

o Individual tracking charts online, |
weekly reinforcing emails, reminders
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st 2004. Barriers:  safety, lack of knowledge, inconvenience, norms


-

W -
Typical 20% drop in solo car trips’

——

New habits formed

= = ©Wings 777 at flickr




“Success: A Focus on the Group -
& Feedback

s : '_-I - . - . — 7 . . -7 1 # e R
Petersen, J.E.; Shunturov, V.; Janda, K.; Platt, G.; Weinberger, K. (2007). Dormitory residents reduce electricity
consumption when exposed to real-time visual feedback and incentives. /nt. J. Sustain. High. Educ., 8, 16-33.
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two weeks [after BL]to save energy, 17 dorms. “high-resolution” dorms cd track energy use any time, online or kiosks. "Low-res dorms” view energy use online;, data posted only once a week. 55% vs 31%, ice cream party
whole city of Oberlin (small) now tracks energy use. 


"Success: A Focus on the Group -
& Feedback

Minnesota school district as an Energy Star!

Inclusive 13-year program
Teams

Rival school competition
Immediate reinforcement
Public recognition

>30% savings: over $5,000,000
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focused on specific behaviors.  Student energy squads - social rfrs & norms. Reinf post-it notes, relatively immediate, competition against rivals, awards. Commitments.  Opower’s delayed smileys (+ comparative energy savings data) effective reinforcers despite delays. Loss aversion 


General Behavioral Strategies

e Make It understandable and vivid:
an average global 390 F rise is serious

e Use Incentives - wisely

* Provide comparative data on greenhouse
gas emissions — give feedback!

o Offer people choices

e Create goals & celebrate prog ressi

 Frame climate change as a
challenge we can overcome
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¼ lb burger, 515 gallons, LA Times -  skipping 30 avg showers for every 4 oz hamburger can offset water Embedded water, like embedded carbon


The Positive Side — The Natural Rewards

REVOLUTION
PETER KALMUS
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