Climate Change:

Simple, Serious, Solvable
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 Day is warmer than night

e Summer is warmer than winter
* Phoenix is warmer than Fargo



Heat Budgets




Dancing Molecules and Heat Rays!

 Nearly all of the airis

made of oxygen (O,) °:°

and nitrogen (N5) in
which two atoms of
the same element
share electrons

* Infrared (heat) energy Diatomic molecules can
radiated up from the vibrate back and forth like
surface can be balls on a spring, but the
absorbed by these ends are identical

molecules, but not
very well



Dancing Molecules and Heat Rays!

e Carbon dioxide (CO,)
and water vapor (H,0) TQ=Q=QT

are different! l

* They have many more b
ways to vibrate and N
rotate, so they are R

very good at
absorbing and

emitting infrared
(heat) radiation

Molecules that have many
ways to wiggle are called
“Greenhouse ” molecules

Absorption spectrum of CO2 was measured by John Tyndall in 1863



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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Common Sense

* Doubling CO,
would add 4 watts

to every square
meter of the Earth,

24/7/365

* Doing that would
make the surface
warmer

 This was known

before light bulbs
John Tyndall, January 1863 were invented!




Common Myth #1

“Scientists expect a warmer future
because it’ s been warming up recently”

1.0 _
l
K & —=— Annual Mean I
@) —— S5—year Running Mean Ll |}
9;: §) ‘ “ '1
E 4
| g * ‘ci I e
f
5 2 | ; s hen
g ) _—
% 0 ; | \ A ’ f'{y! "L"ﬂ 1-0
O ' v { .
S _5 ‘ M ‘ “fl‘u", -
- —4 ’ \, https://data.giss.nasa.gov/gistemp

1880 1900 1920 1940 1960 1980 2000



1. Simple

2. Serious
3. Solvable



Recent Changes

Observed Temperature Change solid Color | Significant Diagonal Lines | 1end not

trend statistically
Based on trend over significant
85 T 2 . & 117 1901-2012 (C over period) White :jr'ast‘;fﬁuent

 More warming on land than ocean
« Warming since 1900 less than 1 C over ocean
« Warming since 1900 around 1 C over land



Observed Change 1901-2012
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Global mean temperature change

(°C relative to 1986—-2005)

Past and Future

Difference in climate
between a low-emissions
(RCP 2.6) and high-
emissions (RCP 8.5)
don’t become large until
mid-century

(°C relative to 1850-1900, as an
approximation of preindustrial levels)

1900 1950 2000 2050

—— Observed
=— RCP8.5 (a high-emission scenario)
Overlap

—— RCP2.6 (a low-emission mitigation scenario)



Low
2. Emissions

Land vs Oceans'!
North vs South

Snowy vs not

Moderate
Emissions

We warm up more
3°Cto6°C
5°F to 10 °F

High
Emissions

005115225335445555665775
°C)



Whereis it 10°F Warmer

. )OS

“on average?”

-

B 40.1 - 50.0
C 50.1-680.0
; D 8601 -685.0
E 851 -70.0

F701-750
. G THA1-800

I. ? HEBO.1 -850
{ i Seattle >
| ¥ Sacramento
' Denver =
Albugquerque
10 °F warming is like moving llinois .
600 — 800 miles South! Mississippl

Water?

Real Estate?

Crops?

Health?

Washington DC =
Tallahassee



Zones Marching Up

WEST A ?’_@QQ —)

o w»
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MONTANE &
FORESTS R

ROCKY MOUNTAINS S 88
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' MONTANE
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* |In Colorado, temps drop about 10 F for
each 3000 feet of elevation

— Denver -> Estes Park
— Estes Park -> Trail Ridge Road

e Butin 100 years instead of 100 centuries!



A Region
On the Edge

75 million people in the
western US live in a region
with marginal precipitation

B - Just enough snow to support
Annual Precipitation (in.) L4 ) X V1 - .
o e o LA forests and reservoirs

B [ 2o-2¢ [ <o-so [ 0- 120
B <o [ 2620 [N so-oo [ 20- 140

& Just enough irrigation water to
* support farming

Just enough water for cities
=1 and towns






Loss of Mountain Spring Snowpack

R TR Declining
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Water Budgets

Evaporative demand increases w/ temperature

Drought is the running sum
of water out minus water in




Droughts Past & Future

)

Dust 1owl
>
Medieval Megadroughts Climate
models

Coming droughts much worse than any in past 1000 years



Warming Promotes Wildfire

1. Warmer air increases Projected Increase in Area Burned
evaporative demand on
forests

2. Longer warm season
depletes soil moisture

3. More frequent
extremely hot, dry,
windy days when fires
are uncontrollable

NRC 2011




Common Myth #2

“When we reduce or stop burning fossil fuel, CO,

will go away and things will go back to

normal” 1400 8
€ |0 CO, :
e |f China, India, & 2 | a5 g
. . T ~ warmin
Africa industrialize  § J
with coal, CO, will rise O 2 .
to 4x preindUStria| 1800 1909/ 2000 2100 2200 2300
. 30 you are
* Extra CO, will last for Y emissions

20 he e

thousands of years
after coal is gone

GtClyr

10

0
1800 1900 2000 2100 2200 2300

year

Thermostat only turns one way!

Warming (Celsius)
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Like Moore’s Law

e To limit
Future warming to 2 C,

emissions have
to fall 50% each

10

Fossil Fuel

Billions of Tons Carbon / Year

6 ° °
Emissions decade starting
4 now!
)  This will be
really hard!
0 Rockstrom et al (2017)

2020 2030 2040 2050 | Aroadmap for rapid

decarbonization

Science 24 Mar 2017:

355, 1269-1271

DOI: 10.1126/science.aah3443




How Much Will We Burn?

Co, . xix%x@z

Emitted P E
\
/ / | Ay

Population  $/person energy/$ energy

Four factors determine
fossil fuel emissions:

— Population
— Economic activity

— Energy efficiency of economy

— Carbon efficiency of energy

Kaya ldentity



World Populatlon

@x &x Ex
& World population growth, 1750-2100 Emltte d = P X G X E

~/\_ Annual growth rate of the world population
World population in billions

m Remember

9 “The Population Bomb”?
S 2% 8
7 2 « World population has more
159 6 2 than doubled in my lifetime
i * It will never double again
e 1% 43 : :
B * Population growth rate is
T el =% : half what it was when |
"“ 1 was a teenager

« Expected to reach zero

175%0 1800 1850 190 1950 2000 2010 A0 2100

population growth by 2100




UN Sustainable
Development
Goals

1. Eliminate Extreme amongst its population?

2.1 Equality of
.Improve Equality o
Opportunit
p p r u n' y 68.7% 3.0% 22.9% 13.7% 7.7% 42.3% 0.7% 41.0%
<10,000 10,000-100,000 100,000-1 million >1 million

3. D on ’t D es tro y th e WO rld

tha report #0utlook2015



SDG 1: End Extreme Poverty

Total population living in extreme poverty, by world region

Numbers are in millions of people. Extreme poverty is defined as living with per capita household consumption
below 1.90 international dollars per day (in 2011 PPP prices). International dollars are adjusted for inflation and for

price differences across countries.
¢« <$1.90/ day

1.8 billion |

1.6 billion

* 0.9 billion people
worldwide

1.4 billion

1.2 billion

- Gutin half since
s 1990!

1 billion

800 million

600 million i Middle East and
- orth Africa S
e Al t all
ooy | most all in
South Asia &

e Other High
: Tropical Afri
1990 1995 2000 2005 2010 2015 rop‘ca r‘ Ca
Source: PovcalNet (World Bank) OurWorldInData.org/extreme-poverty/ « CC BY

Note: Consumption per capita is the preferred welfare indicator for the World Bank’s analysis of global poverty. However, for about 25% of the
countries, estimates correspond to income, rather than consumption.



SDG2

Global inequality

between the world's worst-off and best-off countries
Mean years

Mortality rate of children Life expectancy

under the age of 5

12.7% Somalia
A

60 x

Global average

3. 9%

Y
0.21% lceland

Global average in 1800: 43%

at birth

84.1 years Japan
A

Global average

o B | -
72.2 years

16x

Y

52 years Sierra Leone

Global average In 1800: 29 years

of sclhooling

than 24. Data for 2017

Globa

20 D pecoie ooy
Prgipes

14.1 years Germany

A

9.4 x

Global average
8.4 years

Y
1.5 years Burkina Faso

average in 1800: <1 year

in living conditions

Expected years
of schooling

G

obal average in 1800 <1 year

22.9 years Australia
' A

15-20 years
maost countres
in Western Europe

14.5 years USA

Global average
12.7 years

4.7 %

Y
4.9 years South Sudan

G

obal average

Our Wor

in Data

Average income

$116,936 Qatar

172 x
$57 410 Switzerland

A

§$54,225US

87 x

Global average
$£15.449

Yy
$6461 Central African
Republic

n 1800: <$1.000

d
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> r U.S. ENERGY CONSUMPTION

INTERVIEW with ED MAZRI

founder of architecture 2030 introduces the 2030 palette

Energy Use in Bunldmgs

In the developed
world, our biggest
energy need is
constructing and
operating buildings!

Almost twice as
much as transport or
industry!

LOTS of room for
improvement!



—oeys.  EFflCIiENt Architects!
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$112 COAL

dollars per megawatt hour

$80 \—
| $59 NAT. GAS
S $40 WIND
"< $37 SOLAR
$20

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020



Simple Plan foqr Deep Decarbonization

= 1. Clen up electricity “‘Q? /
2. Electrify everything

.
P

See reading b ;

https://www.vox.com/2016/9/19/12938086/electrify-everything



Variable Supply & Demand

 Clean energy
Is already
cheaper than
old-fashioned

energy

 The real challenge is getting it from
where it’s made to where and when
it’s used




\

|
\,
\ y =
._.__ 3 o TR R W B Bl B
\ = ———-
S
= .
{p) — =
—— — '/If'.l/ i =
———— —= = 2 ﬁ
% = ‘\\.// E
\V%
i/
— —

e . ===

SS S = SREI0

o Nty |\

By T
e =

i
e,
g% S o S




nlqture h ARTICLES
C lmate C ange PUBLISHED ONLINE: 25 JANUARY 2016 | DOI: 10.1038/NCLIMATE2921

Future cost-competitive electricity systems and
their impact on US CO, emissions

Alexander E. MacDonald'™ ", Christopher T. M. Clack"?*7, Anneliese Alexander"?, Adam Dunbar’,
James Wilczak' and Yuanfu Xie'

 For the US, build out new generation sources that
are cheaper than just OPERATING existing sources

e Connect them across regions w/a new HVDC grid
e Meet 100% of demand 100% of the time
e 80% CO2 emissions reduction in 10 years

* Nobody’s electric bills go up



HVDC Transmission!

@nerdy.maps

u/some_dawid_guy




Global Citizens

* Deep decarbonization is harder than
building clean energy in the first place

* Nobody is going to spend $100T
building land lines across Africa

* The best & cheapest new energy will be
in places without existing stuftf



Costs

e Conversion to 100%
noncarbon energy

will cost about
1% of GDP

e That’s about what it
cost to retrofit all the
world’s cities with
indoor plumbing a
century ago ...

~ « Itwas SOworth it!




Costs in Context

1% of global GDP $850 billion per year
New mobile phones (handsets only) $600 billion per year
US Military (DOD only) $665 billion per year
New cars & light trucks (90 million/year @ $25,000) $2,250 billion per year
Roads (64 million miles @ $5M/mile) $ 320 7RILL/ION total

Rescuing civilization will cost a lot of money.

 Probably in the neighborhood of what we spend on
brand new phones or the military

e Maybe 1/3 of what we spend on new cars
 Vastly less than we have spent on roads!



My Grandparents
5 i —




My Grandparents’
Generatlon

Buil subways, sewers,
the electrical grid, defeated the Nazis






My Parents’
Generatlon

Ribbon-cutting ceremony along the first portion of Interstate high-
way to be completed in Wisconsin on September 4, 1958—1-94 in
the Waukesha area. (Photo courtesy Wisconsin Historical Society Archives. )

Built the Interstate nghways
fought the cold war, landed on the Moon!






Invented the PC, Built the internet,
replaced billions of land-lines with cell phones






: % 2 Thermal power plant

E}! hydraulic power
generation

N

Photovoltaic

T

ecological vehicle Wind generator

Will replace the world’s
energy system again/

Cities and offices



Cho I

Many ¢ e nk:

“Our well -being is based on
stuff we extract from the gro

A




Choose Your Future,

A | prefer:

“We create our well-being through
creativity, ingenuity, and hard work”
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The future is bright!



