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observations

introduction

are
going to dominate 
the 21st century.



is about 
especially in poor countries in  and 

...and give many more people the 
opportunity to

and 
are going to create a lot of ...

you’re feeling the 
benefits of what 

Adam Smith called 
the 

You can learn 
more about that 
in the 

i want to be an 

I want to be a 

4

as a result, story #1 points in a direction 
that’s nothing short of 

wealthier families 
...

...so the world population is likely to  at about
people and then slowly decline. 

But what about

A world of 
 and 

therefore  and 
 people!

it seems 

21001900 2000

Having more kids 
is  one of my 

DREAMS!
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story #2 is about the 

of all this growth and 
development.

What’s going to happen 
when 

 and 
all try to live 

...Not without 
some

The invisible hand of 
free-market economics 
isn’t likely to fix ...

6

 cover all sorts of topics. 

This book focuses on 

overfishing

endangered species

pollution

also known 
as

.

habitat loss
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 Climate change is a .

but it might be possible to find some ...

...by thinking of climate 
change as a

you’re a you’re an

.

That common
 ground better be

6 FEET UNDER because Nonsense,

how does this 
one compare?

these are on the fridge, like 
magnetic poetry, but magnetic 

threats.

brother

dad between them

sister

8

No wonder 
climate change is 
such a 

Maybe it’s an ...
...and maybe it’s only a ...

...and maybe it’ll be before we know for sure. 

this book will help you 

Climate change could 
turn the earth into an How do you know it

 won’t be an 
ALIEN PLANET?

and learn 
...
...and what we can 

and by then it might
 be

Or to do 

brother sister

9



you might find it hard to believe that humans can 
...

...but there’s lots of scientific evidence that 
 is 

Mostly as a result of 
and

and sometimes 

10

...and HOW CLIMATE CHANGE MIGHT 
AFFECT ...

This book is about the 
of climate change...

...and 

[aka global warming (“wanted” poster?) 
Or maybe scientists say “We said there’s a 

lot of evidence, and here it is!”]

[aka global warming (“wanted” poster?) 
Or maybe scientists say “We said there’s a 

lot of evidence, and here it is!”]

part one:
observations

part two:
predictions

pulling gooey thing from a petri 
dish?

bicycling? or generating power 
from the gooey thing? or hmmmm.

looking in a microscope?

icons or separate scientists?

images to come from those chapters.

part three:
actions

[So the three parts are: what’s 
happening, how bad will it be, what can 

we do about it?]

11



A good place to start is with a few ...

 refers to what the weather in a certain place is 

...so You should think of CLIMATE as 
...

 doesn’t mean ...

...and  as a .

Seattle in July has 

.

Afternoon highs 
are usually 

...

Sounds

Sorry!
This is very CLIMATE is LIKE YOUR 

WEATHER is 
LIKE YOUR 

On average, 
these flowers now 
bloom

.

...And it 

12

...and it 

...and with an .

Here on Planet Earth, 
climate change has 

...

Earth’s climate 
has

13



Let’s start to answer
 it by taking a brief look 

at the 

what do 
 have 

to do with it? 

But if the climate is 
always changing then 

one kid is dressed for warm, 
the other dressed for cold.

14

a brief history of planet earth

Well, first 
the 

...

Tell me 

...and 
then the 

...



in the early days it was a great 
...

...which belched out  and 
to form the early  and 

you and your 
jokes are so 

What do you 
call a single-celled 

organism 

What do you 
call a single-celled 
organism 

scientist or 
dad to young 

child, of african 
descent

that’s 50 million 
times older than 

grandpa.

4 byaEarth 3 bya 2 bya 1 bya Grandpa

The earth formed about 
4.6 years ago.

4.6 bya Now

 appeared in the oceans 
sometime within the first 

2

...some of these organisms figured out 
oxygenic ...

...which is the  that allows 
 like  and  to grow.

it turns ,
 and 

...

Eek! harriet, come 
back here!

...into things like 
 and 

Green things are 
the  of the 

Oh

Will you two 
!

What do you 
call a single-celled 

organism that 

What do you 
call a single-celled 

organism 

I’m trying to 

Without 
there could be 

no

4.6 bya Now

then, After 
...

3



Mostly water 
and carbon.

Mostly water 
and carbon.

Mostly water 
and carbon.

You  what 
you

...which is crucial to 

in chapter 4 we’ll 
see the influence 

of

...and about that much returns 
to the atmosphere through ,

, and 
by plants and animals.

every year about 
 of 

carbon
...

...and about that much 
returns to the atmosphere 

through .

See the glossary for more 
details, like 

.

yoram will check these numbers!

, green 
things play a key role in 
the ...

meanwhile, about 
gets sucked in by  through 

...

4

Getting into the 
was  because...

 ...because it led to the creation of a 
about 15 miles above the surface of the planet.

no plants 
in this 
frame,

only the 
slimy
stuff.They pumped lots and 

lots of  into 
the atmosphere.

 of the oxygen 
in the air got 

there through 
photosynthesis by 

Because

need OXYGEN 

well, that’s 
true...

What’s so 
important about 

Well,

turn the page 
to find out.

...but this was a 
billion years 

4.6 bya Now

between about 2.8 and 2.0
, however, green things did something 
perhaps even .

5



No wonder everybody got worried when scientists discovered
in the 1980s.

ozone is like 

The sun generates 
...

...but it also generates 

that’s why we live

the OZONE LAYER,  had to

4.6 bya now

the ozone layer, the 
sun’s got ...

4.6 bya now

...and that allowed life to move 
and 

Oh no, harriet, 

Protects against UVA and UVB for up to 2 HOURS.

 Protects against DEADLY UVC for BILLIONS OF YEARS. 

Now with CATALYTIC ACTION!

6

despite what many people think,
The ozone hole is  closely 
related to global warming... 

...but it is valuable to  and  the two issues...

...And we can take heart from the 
we’ve made in repairing the ozone hole.

But let’s get back to the
OF ...

...and you can’t 
solve them all by 

Environmental
problems are 

all the same... 

President Reagan 
helped phase out CFCs
and the ozone layer is 

If only global 
warming were 

so

The ozone hole is
 related to human emissions of 

 gases such 
as

.

Global warming is related 
to human emissions of 

 gases such as
.

7



The only thing 
 is 

4.6 bya Now

The  have seen 
 in the 

There WERE times when 
...

...and times when

This
 is FREEZING!

Good thing there 
weren’t actually 

 back then.

Good thing there 
weren’t actually 

 back then.

boy, i could really 
use some 

sorry, there’s 

this is the denier kid, who likes 
summer.

this is the alarmist kid, who likes 
winter.

8

some of the 
organisms that 

 then got 
buried...

...and eventually turned into .

scorpion logo like 
sinclaire

[Here’s some  HYPERLINK 
“http://en.wikipedia.org/wiki/
Carboniferous” \l “Life” cool 

images of the pe riod.]

What do you call 
a single-celled 

organism 

...and cooked underground for 
...

Knock knock

that’s where a 
lot of our 
comes from... ...and plenty of

 and 
 too.

Who’s there?

Oil

4.6 bya Now

Of central importance to our story is
the 

some years ago. 

9



...but  is a 

Continents move at about 
the speed that your 
fingernails grow... 

...about 100 miles 
every million years.

...we said 
goodbye to the 

...

thanks to an 
 65 million 

years ago...

...and hello to 
the 

30 million 
years with no

...
...and no 

Look,we’ve 
CALMED DOWN! wow, what 

were you like 

...and species either  or 
into the forms they have today.

During the last ...

...the continents  into 
the positions they have today...

100 mya Now80 mya 60 mya 40 mya 20 mya

4.6 bya 4 bya 3 bya 2 bya 1 bya

Now100 mya

even more recently, the Earth’s climate has 
...

10

Scientists call these 
cool parts 

Everyone
else calls them

dinosaurs and 
other creatures 

in the cars

...of ...

...and .

100 mya Now

In particular, over the past 
2.6  the planet has gone 

through ...

11



 it wasn’t long before they started 
asking

... appeared in africa.

don’t forget this character needs 
relatively dark skin.

she’s eating the mammoth leg, it 
should be clear in the drawing.

I wonder where
 I can 

I wonder how
 I can 

 I wonder
what 
the 

100 mya Now

finally, about ...

that’s only ,
 older than 

grandpa.

a blink of an eye in 
terms of the lifespan 

of the earth.

12

the ice ages

Go back 15,000 years 
and this was under a 

alt, some way to expand this gag?:

Go back 15 minutes and this was xyz...

then: 

Go back 15,000 years and this was under a 



early geologists hypothesized that 
there  have been 

What could have carried 
 here 

from
or

there must have 
been

one’s over 
...

...the other’s over 

20th century scientists  this
by studying Earth’s two remaining 

these ice sheets 
were built up over 

2

30
0,

00
0 

ya

20
0,

00
0

10
0,

00
0

No
w

By
... ...and the various layers...

i’ve got a 
mile-long

...scientists can estimate the 
of planet earth far into the 

i’ve got a 
6-foot

Over the past 350,000 
YEARS there have been 

...

these  show that Earth has usually been about (110F)
 than it is now.

...including the 

.

but those warm 
periods have been 
the 

 That temperature change
may ...

 ...but it was 
big enough for 

glaciers to 

It’s like 

Average Today

Source: Rahmstorf et al. (Eos, 2004)
Based on Petit et al. (Nature, 1999)

3



...was mostly solved by the Serbian mathematician 
during the First World War

He studied the  of the earth’s ...

...including the  of the earth, which causes  and .

compared to the 
of why we’re fighting this

...

...this is 

 The
...

I wonder why there 
aren’t
here anymore?

and don’t say 

...but as it does 
it  and 

 a bit.

it orbits
 once a year...

In  the 
NORTHERN 

HEMISPHERE gets 
...

...and the SOUTHERN 
HEMISPHERE is 

and 

n

s

n

s

APRIL

OCTOBER

In  the 
NORTHERN HEMISPHERE is 

dark and cold...

...and the SOUthERN 
HEMISPHERE gets 

more sun. 

4

croll giving 
technical details.

 it turns out that the tilt 
over tens of thousands of years.

When the TILT is stronger, ...

...and when the TILT is weaker, .

also affect 
the strength of the seasons. 

my head is 
.

i’m getting cooked a 
more

...

...no matter what 
time of year it is.

my  are 
on fire.

my  is 
freezing!

And now, in 
,

the tilt of the earth 
is 23.4

and slowly getting 

We’ll have 
an update in the 

year

...but you can 
think of them 

as  and 
.

IN ADDITION TO ,
THERE’S 

and ...

my feet are 

5



the theory says that 
these three orbital variations...

they’re 
and !

...set the  for the ice ages...

...by triggering 

i’m the 

mmmmmm,

whew, i’m 

6

sometimes those positive feedback loops
bring the earth ...

...and sometimes they send us 

let’s see how it works in 

cuddle
cuddle

whew, i’m 

soda table here.

I’m going 

zzzzzzzz.

7



for
A

of
the Milankovitch 

story...

...imagine we’re in  during a 

The Milankovitch cycles eventually create 
conditions with .

 summers. winters.

that causes to give way to 

Milankovitch: 

feet sticking out of hole 
in the ice.

same feet stick out of the ice, but now the hole is frozen over 
and there’s a big ice cube around the feet.

background here is land... it’s the same background as 
the above shot, but most of the above is obscured by 

glacial ice....

in this  one, there’s only ice underneath them

...or read my 

for more details, 
see  in the 

glossary...

Now we can 
plant 

Lots of melting
 ice and snow.

But there isn’t enough 
NEW SNOW to keep up 

with the summer melt.

like the one that 
peaked

8

it sure is and 
in here. 

 the Milankovitch cycles are 
things like the ...

 ...that bring about a global 

...which create ...

this is the bald bassist
they are members 

of mm’s band!

this is the lead singer/guitarist 
with rock star hair!!!!

Ice and snow 
lots of sunlight back 

into space.

Land and water 
 more 

sunlight.

What??

higher
temperatures 

...

melting ice and 
snow

...

9



to see how it works in the other direction, 
imagine we’re in the middle of an 

drip of 
water.

turns
into an 
icycle.

The Milankovitch cycles eventually create conditions with 

summers. winters.

that causes to slowly replace 

not much 
melting ice 
and snow.

but still cold 
enough for snow 

in places like 

What’s MORE CANADIAN 
than 

 Like the ONE 
WE'RE IN 

Tonight at the Mammoth Room:
Milankovitch and the Feedbacks

7 pm no cover

hockey... they wear some kind of skins and the goal is made of some 
megafauna ribcage and the goalie has a skull over his face as a facemask...

10

...should we 
worry about the

all this brings up a 

bald guy again.

now things like the  work in the ...

...get covered with 
Ice and snow that 

 sunlight, 
cooling the planet.

Land and water that 
used to  lots 

of sunlight...

...creating that cool the planet.

Given that we’re 
 in an 

...

see the 
 for 

details.

lower 
temperatures

...

more ice and 
snow

...

11



um, About that 
...

The  is that mother nature 
gearing up for ...

...but not for at least 

and long before that happens we’re going to have to come 
to terms with what  doing to the climate.

Oh no, we better 

ah,

12

CARBON DIOXIDE

EMPTY YOUR 
MIND ...

...and focus on 
something ,

, and 
.



What we call  is actually a mixture 
that’s about ...

The
 includes 

...

...and about .

created over the 
eons by all that 

photosynthesizing 

standing with umbrella, 
obscured by fog.

7th Annual

 Nitrogen Day

...and relatively 
of other gases...

...including

...but that equals about 

molecules of in every 
breath you take.

I’m
into
N2

N2 the Dragon
N2 the Nth

Power

Air is only about
0.04% ...

2

In the early 1950s a chemist named 
...

...figured out a way to accurately measure 

Starting in 1958, Keeling and his colleagues made 
of CO  at the  in ...

...and the results made him

call me 

C’mon dad, let’s 
go to the 

Sorry, kid, 
not now.

What’s the 
CO2 difference 
between these 
two samples?

3



dude, It’s like 
the planet is 

look at 
a

Okay, hippie, 
take it easy.

means 
.

330

325

320

315

C
O

2
c

o
n

c
e

n
t

r
a
t

io
n

s
 [

pa
rt

s 
pe

r 
m

ill
io

n]

may ’59 oct ’59 oct ’60may ’60 may ’61

Keeling made . First, he discovered an 
in CO  concentrations.

This cycle is related to the ... ...and to the ...

Look at 
page

Look at 
page

...and to the fact that  on earth is in the 

n

s

4

...thanks to processes like the .

conversely, when it’s in the north
 that extra CO  gets “inhaled” by 

...than 
 and 

...than 
 and 

planet-wide, lots 
more green stuff 
is  and 

...

planet-wide, lots more 
green stuff is 
and  ...

when it’s in the north
extra CO  gets “exhaled” into the atmosphere.

5



330

325

320

315

 [Maybe the blackboard continues down the page, 
and Ralph is saying “2000 / 370ppm, 2010 / 390 

ppm”

 Keeling’s measurements continued for , and then ,
and after his retirement his son stepped into his shoes.

C’mon son, let’s 
go to the 

Sorry, dad, 
not now.

C
O

2
c

o
n

c
e

n
t

r
a
t

io
n

s
 [

pp
m

]

1959 1960 1961 1962 1963 1964 1965

Keeling’s  was that CO  concentrations 
in the atmosphere were 

When Keeling started in 1958, the increase was about 
ppm

...means about

 of CO2

 in the atmosphere.

An increase 
of ppm ...

See the glossary 
to learn more 

about ppm.

6

360

380

400

340

320

...and one of the central pieces of  in this book.

what does it 

It means that 
is

in 2013, we’re 
near ppm and 

increasing by about 
ppm

that’s 
of co2 every year.

C
O

2
c

o
n

c
e

n
t

r
a
t

io
n

s
 [

pp
m

]

1970 1990 2000 20101960 1980

The graph of the daily measurements that they and their colleagues 
have made since 1958 is called the .

it is now one of the  in the world...

7



 ...releases the  that 
was

into the atmosphere.

10

9% deforestation

32% petroleum 

21% natural gas/other

1 3

 In the 19th century the major source of human 
CO  emissions was ...

...but now it’s the 
that provide most 

of our  and power 
our  and 

...but the rest , pushing up the Keeling curve.

About  of that extra co  gets 
absorbed by ...

...and by other 
such as the ...

We’ll come back to this 
in Chapter , on 

.

forests still cover 
about of the 

earth’s land.

We’ll come back 
to this in 

 Yoram needs to compare with IEA/IEO numbers.

by 2010 we were 
burning through 

 of 
petroleum

Natural gas 
production is 

growing thanks 
to

Coal-burning
power plants are the 

of CO .

 to make 
room for farms and cities...

38% coal 

8

Human emissions are a 
of the 

natural cycle...

...but over time

 more than 
you ...

...and pretty soon 
your lungs will 

here’s how the  is 
affected by the 10
of carbon we emit :

10 tons is small compared 
to the 200 tons that 
circulate naturally.

see page x for
 a reminder.

...About 4
 remain in the ...

About 3  are added
 to the ...

...and About 3  are 
absorbed by .

each 3.5 tons
 of contains

about ton of 

See the glossary 
to learn how to 

compare
and .

9



400

300

200

C
O

2
c

o
n

c
e

n
t

r
a
t

io
n

s
 [

pp
m

]

Scientists have also put the Keeling 
curve in ...

...by studying the amount of co
trapped in 

they discovered that  are 
compared to the last 350,000 years.

What did CO2
concentrations look 

like drill baby, 

in 1900 it was 
about

by 2013 it was up 
to

300,000 ya 200,000 ya 100,000 ya Now

10

30
0,

00
0 

ya

Even  is the relationship between 
this ...

What are the odds 
of that happening

CO2 data

temperature
data

Less than 

...and the  from page xX.

20
0,

00
0

10
0,

00
0

No
w

it’s  that co  and temperature have been 
for the past 350,000 years.

11



so keep in mind what we ...

...as we move on to learn about how c0

CO

Albedo Feedback

CO2 Feedback

CO  must be the

behind the ice ages!

 is

be careful, 
that’s 

The

for the ice ages.

The  between CO  and temperature is SO STRONG
that it’s .

12

Your
depends on 

and ...

...and the

depends on 
and 

energy



What 
are you 

If you spend a year measuring air temperatures
...

...what you end up with is a  for planet Earth.

currently about

if you wanted to, you could 
do the same thing for your 

about

kid sister

2

So to understand global temperature we need to understand 
more about 

The two dominant influences on global average temperature are 
and 

When exceeds ,
 the planet ...

...and When exceeds ,
the planet 

It’s true for your 
house and it’s true for 
the

just like your 
when you 

just like your 
 when you 

3



 is simple.

if you picture the sun as a 
 on one end of a 

full-sized court...
...then the earth would be 
a
under the other basket.

4

Energy from the sun comes in the form of
, which includes...

... with very short, high-energy wavelengths...

... , which covers the  (literally!)...

uv is partially 
blocked by the 

(see page xxx.)

 is the only 
kind of electromagnetic 
radiation people can see.

we’ll come back to 
this in a moment.

...and with very long, low-energy wavelengths.

5



 it’s the 

...by and by 

check out the 
glossary for 

more.

glossary entry will include 
this Technical note: If you 

study more climate science, 
you’ll learn that reflected 

solar energy is usually 
subtracted from ENERGY IN 
rather than being added to 

ENERGY OUT. We’re following a 
more intuitive approach, but of 
course both ways are correct

about  of all 
incoming energy is 

reflected by clouds, ice, 
snow, sand, etc.

is more complicated.

for example, It includes
solar energy that is 

...

6

...and is familiar to anybody who has used  equipment...

...or huddled near a .

the earth’s infrared 
wavelengths are even 

 and 
...

 in the morning it 
won’t be 

anymore...

...but it will still be

you can’t 
infrared light, but 

you can  it.

THE  DOESN’T 
EMIT AS MUCH ENERGY 

AS THE ...

...BUT IT 

...and a  hiding 
in that closet

there’s a 
 inside this wall...

Crucially, energy out  includes radiation 

This outgoing energy is in the  part of 
the electromagnetic spectrum...

...than infrared 
from the sun.

wimpy earth 
superhero

7



what makes them  gases 
is that they 

 much with ...

...but
with 

and that brings us to .

(h 0)

Plus others 
that are less 
important.

 Greenhouse gases 
 some of 

the outgoing 
radiation. 

(CO ) (CH )

go right 
on in.

don’t
mind us. slow

down.

8

By reducing energy out, 
greenhouse gases 

reducing energy 
out is also how 

 warms  
up your ...

...or a 
    warms up your ...

...or a 

warms up your 

9



...and by the  scientists had FIGURED OUT that it HAS a 
on the earth’s temperature.

the  can be easily replicated in a lab...

today, scientists know that similar greenhouse effects exist
like

Venus has 
MORE atmospheric 

CO  than Earth. that’s a big reason 
the surface temperature 

is (863oF).

hotter than a

The  surface 
temperature is about 

(57oF)...
...but

 it 
would be - (0oF).

put two empty 
jars under a 

...

...and if you add 
c0 to one of them,
 it’ll get

10

The greenhouse effect on  is of course
...

 ...and we didn’t create the on Earth either.

as we learned in chapter 4, however, we’ve been 
 of GREENHOUSE GASES to the atmosphere.

or by 
!

or by 

...and during 
 periods, they were 

and that was 

...we’ve increased
 CO2 levels from ppm...

since the start of the
 in 

the late 1700s...

During the past 2 million years
 CO  levels varied between

ppm and ppm...

...to ppm.

11



The Swedish chemist  was one of the first people to speculate about 
the consequences of an 

In  he studied what would happen if 
we  CO  concentrations...

...and MADE A ROUGH CALCULATION OF 
the in

incredibly, he came  to the range that climate scientists calculate today.

This is going 
to be great for 

What if we went
 from PPM...

About (9 oF).

About 4.5 C (3.6–8.1 oF).

 ...to PPM

12

science

Trust the 

why should 
 I TRUST 

Don’t trust 



...then  those hypotheses to incorporate ...

...and 

The  involves  
...

...  them ...

yup, it works on 
the ...

the 
 looks 

like this!

...and on 
  the 

...and on 

oops, it doesn’t 
work perfectly 
at 

...

...or at 

.

let’s try 
something 

e=mc

e=mc3

e=mc2

m1m2

r 2
g

2

...and ...

because This process involves 
an

...

...it will  produce “ ”.

the
 is 

mommy, where do 
 come from?

mommy, how old is 
the 

mommy, why do 
praying mantises 

let’s try mixing 

together.

it’s what you 
should
before you 

but the  is still our  for 

3



The ideal way to
is with a ...

...but that’s 

we gave 
to these 

plants...

we gave 
to these hyperactive 

kids...

...and 
to these ones.

...and  to 
these ones.

let’s see 

let’s see which 
ones can 

4

we 
on this planet...

For example, you can’t do 
about ...

...or about 

we gave 

to these kids...
...and  to 
these ones.

...and 
  on this one.

...you have to 
go outside and 

when you can’t 
work in the lab...

fortunately, that hasn’t stopped Scientists from 
on both these issues.

5



“The suggests
a

 on global 
climate.”

over time, the link between 
 and  has 

...
...and ...

...and .

and so has the link between
 and 

but that’s not the

“  cancer, 
cancer, 

cancer...”

“The weight of the 
 suggests that 

excessive smoking is 

 in lung 
cancer.”

“Cigarette smoking is 
 to

 in 

“It is  that 
human activities have caused 

of the 
observed increase in global 

average surface temperature 
since the 1950s.”

“There is  and 

Surgeon 
General
1957

IPCC
1995

IPCC
2001

IPCC
2013

Surgeon 
General
1964

Surgeon 
General
2004

in fact, the SCIENTIFIC HISTORIES of
 and  are SIMILAR.

cough
cough

what 

could there 
possibly be?

6

just as scientists 
have learned to make 

about smoking...

...Some of the  for climate change comes 
from  from decades past.

since the 1970s temperatures have increased 
about 0.15 (0.3oF) per decade.

2000 2010199019801970

our
 was 

...

...but our 
PREDICTIONS

were 

we predict that rising 
temperatures will become 

 by the turn 
of the 21st century.

we predicted 
. (0.4oF).

not bad!

Temperatures relative to 20th century average.

.

.

.

1975

Smoking will cause over 
 deaths this year 

in the United States.

7



maybe better if 
these are the kids

and climate scientists haven’t just been 
...

...they’ve also been 

More warming 
at  than 

during the 

 Yup.  Yup.  Yup.

More warming 

than 
escaping into the 

and into 

Those details are like  at a 

This has got 

written all over it.

8

...has convinced the vast majority of scientists, 
that 

 of ...

We’re

We’re

 = intergovernment Panel on Climate Change;  = American Association for the Advancement of Science; = American Meteorological Society;  = American Chemical Society; 
 = American Statistical Association;  = Nongovernmental International Panel on Climate Change

includes the of the u.s., brazil, canada, china, france, germany, india, italy, japan, russia, the u.k., australia, belgium, the carribean, indonesia, ireland, malasia, new zealand, sweden.

It wasn’t me, 
it was 

these are the kids

whoever did this must have 
had the and 

the ...

IPCC

aaas

ams

acs

asa

National Academies of Sciences

the fact is, climate science is like 

9



...and the case for  has 
gotten

Of course, it’s always possible that 
all those scientists are 

whoops, 
 is actually 

caused by ... ...and so is 

But so far  has been able
to identify a  for global warming...

Is it 

it’s all 

Nope.Nope.Nope. wha?

and the
killer really was

10

...but it’s possible to find evidence .

a note to those who may object to singular data: we’re following the wall street journal and the guardian uk. If those two 
publications can agree on something, there must be something to it.

most global warming data is painstakingly gathered 
...

 might even find this sort of  in 

drawing note: this is a great place for 3 cameos

A ,
and it’s only 

some  have 
a natural instinct 

to ...
...and some 
have a natural instinct 

to

flowers are birds are 
Allergy season 
is

like
... ...and 

...
...

11



...and they give us the best indication of what to expect

these days, everything we know about climate change is incorporated into 
 run by .

these models do a pretty good job of 
simulating everything from the ...

...to ...

 for a 
few years, but 

check out 

12

predictions



2

global warming

or:

business as usual
is it just me... 

...or is it getting 
 in here?!



Now that we’ve covered the 
...

...let’s take a look at 

of course, lots of things  happen
 in this century and beyond.

We could 
develop

...

...or
...

...or

...or
...

Actually, that one 

it’s

4

we call this path .

one  possibility is that 
human carbon emissions will stop 

a  possibility is that  like china 
and india will follow the path blazed by like the u.s.

That would be 

.

What if we 
 to reduce 

carbon emissions?

 to power 
, , and 

...

...and 
to clear land for farms, 

roads, and buildings. 

that’s it, 

shut everything 
down

5



To see why, note that we can neatly divide the world’s entire population
into

The key fact about 
is that it would make CO2 emissions 

they each need
1.4

napkins.

The rich world makes 
up of

those Five Chinas... ...but at the start of the 21st century it was responsible for 
about

Rich
World China India

Rest of 
Asia

Everyone
Else

you all can 

ONE CAKE 
for .

6

plus, population growth 
could

.

meaning that over the course of the century we’d
 .

under ...

...the other four chinas could  by .

Thanks to 
...

...we can now afford 

that’s 

that’s another 

that’s like going
from ...

...to

Africa

More
Asia

7



sure enough,
 under Business as usual, 
emissions could rise 

   during the next century...

...pushing atmospheric CO2
concentrations up near 

31 8 20

CO2 concentrations 
haven’t been that 

high for

200

100

300

400

500

600

700

800

900

Now300,000 ya 200,000 ya 100,000 ya

C
O

2
c

o
n

c
e

n
t

r
a
t

io
n

s
 [

pp
m

]

8

as a result, the 

between 2000 and 2100...

...will likely be about  (7 f).

...but it makes a good 
for understanding the changes that are coming.

maybe it’ll be 
only

...  we don’t do much 
to reduce emissions...

maybe as much 
as  or 

that estimate could 
be A BIT ... ...or too ...

We’ll come back to 
 in 

...what exactly 
does it 

it’s
...

9



...while to others it sounds like

but neither of these is the 

Why all the 

in most places on earth, 
  the 

...

I’ll just 
for air conditioning in the 

summer...

...and  for 
heating in the winter.

for some people, a global 
increase of  sounds like 

...

...will be 

let’s put those 
numbers in 

10

never

inside the book are descriptions of 
...

...in

The  way to think about  is like 
.

tell me about 

C
A Users Guide to

the Consequences of 

BUsiness as Usual 

Between Now & 2100

One chapter a 
night and we’ll 
be done by the 

time you

5o C 6o C 35
0
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Similar Titles in Climate Science.
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and that’s just the

for example, A GLOBAL increase 
of  (7 f) would likely warm 

 by only  (5 f)...
...  by more, around  (9 f)...

...and the  by a whopping  (15 f).

it’s the 

ouch ouch ouch ouch.

means 

of solar energy.

“Well, there used to be icebergs here.”

Titanic 2.0

Welcome to the

12

the fact is, a global 
increase of  (7 f)

would  THE 
...

Hallo

Auf Wiedersehen 

Monsoons just got...

is the new

the new 

The World’s
Deserts

now even 
 & 

Salaam from the  of

hurry, Offer
...because when 

the climate changes,

...you get more
when it’s 

knows...

“Well, there used to be farmland here.”

Swim the

When it comes to 

Latitude:

13



we’ll start with the 
changes that have 
to do with .

we’re going to spend the next two chapters 
learning about some of these changes in 

C
Advance Praise for

A hot topic.steamy and stormy
etc.etc.

14

h2o



...and the ...

Water covers  of 
the earth’s surface...

...where it lingers as clouds and water vapor 
before  as rain and snow.

water continuously 
into the atmosphere...

some water accumulates on land 
as  and  and in freshwater 

 and ...

...and some seeps  
...

...but  returns
   to 

...is as crucial to as the carbon cycle.

You  what 
you

Mostly water 
and carbon.

Mostly water 
and carbon.

Mostly water 
and carbon.

97% of the earth’s 
water is stored in 

the oceans.

drawing note, 
put these arrows 

in photoshop 
throughout.

2

 and  are 
also closely related...

...So it’s not surprising that many of the 
...

...are those related to 

and 

move heat from 
the equator toward 

the poles. Like a  and 
 system!

... and    
...

like
...

...and 

3



Most of the extra energy 
trapped by greenhouse 
gases

We begin with the  which—like the rest 
of the planet—are 

As water heats up, it ...

...and the result is 

accounted for about 
of the sea level rise we saw 
during the 20th century.

the other half was 
from

just like  in 
a ...

...or
      in a

4

sea level rise is likely 
to  in the years ahead, 
posing risks to ...

...to ...

...and even to 

all told,  will likely lead to about

Welcome to the

instead of worrying 
about ...

...i’m worried about 

...depending on 
what happens to

but it could be 

as much...

“Well, there used to be islands here.”

5



The  of  and 
are crucial to sea level rise.

...but it does mean 
.

If they melt ,
sea level rise will be 

about

If they melt 
, it could be 

as much as

when floating 
ice melts...

“An emerging Epicenter of Industry and Trade...

...akin to the 
.”

...the 

 in contrast, does  raise sea levels 
because it’s ...

you can watch it 
happen in your

Welcome Back to the

6

global warming also means a 
...

...and  of 
 the snow that does fall.

of course, ...

...so lack of snow could mean big trouble for
.

especially when combined 
with 

...

...which is our 
next topic.

It’s also a 

that STOREs WATER from 
the ...

these 
sure

are weird!

maybe we should  
try

instead.

...and releases it in 
the 

7



We learned in Chapter 5 that water vapor in the atmosphere 
works as a  to 

but it turns out that as the planet warms,
 the atmosphere holds

and that creates yet another .

more humidity 

...

more heat 
makes it 

...

ENERGY OUT?
ENERGY IN?

The
...

...shows how 
means more
water vapor.

and 
 go 

hand in hand.

8

Global warming 
 big changes in

...which means  places will get 

...so  places will get 

As the planet warms, there will be 
...

but the extra moisture in the atmosphere 
...

i’m

i’m

The water cycle is 
going

yup.

yup.

 more 
 more 

9



...they’re also 
getting

recall from chapter 4 
that over  of our

 CO  emissions end
 up 

more hydrogen 
ions...

Sea Water 
pH=8

Coca Cola 
pH= 2.52

...means 

...increasing the concentration of  in the water.

recall this from 

They’re not just 
and 

...

 happens when 
CO  from the atmosphere ...

Finally, we return 
to

Bleach
pH =12.6

10

 increased acidity erodes 
...

...and the  of ...

...and ...

...and 

extra hydrogen ions break 
down the reef 

like ...
... ... ...and .

yuck.

double yuck.

11



as a result, ocean 
acidification threatens 

just about 
in the sea...

...and  connected to it.

...Those tiny sea creatures form the 

it’s no wonder 
 is sometimes called global warming’s .

We’re

Let’s put Coca-Cola in the 
bucket and 

even though you’ve 

...

12

Life on earth



When circumstances change, 
living things ...

...and species ...

...and if they don’t succeed 

in that case, 
give me 50 

pounds of the 

Go back 
 and your 

ancestors just were regular 
old

what use are big webbed feet
 and transparent fur if 
there’s 

That’s why you 
need to 

 and 

sorry, no

today.

2

....and climate change is going 
to add an 

boy is that an Many of the 
 in the world 

today are ...

3



Climate change is likely to 
be a big problem for species 

that ...

...and scientists estimate that  of all the species on earth 
may go  over the next 100 years.

we take 

slowly.

Omnivorous Gourmand

Rex Thumperhumper

Spectacularus Useless

Invasivus Geurrillavinus

Scavengus Canliveanywhereus

Armored Slowpoker

Execrable Philofeceus

Albino Nonvegetarianix

Wartius Allergictofungi

Giganticus Pickyeater

Humanus Engineerdus

Acreus Needsus

Gracious Vulnerabilus

Annoying Nevergoextinctus

4

A changing world may be 
less of a problem for species 

that ...

...or can ...

...or might  from the new reality.

we breed like 

certain plants 
do  with 

more CO2...
...as long as 
it doesn’t get 

Hey!

Homo Sapiens

Rattus Norvegicus

Columba Livia
Pueraria Lobata

5



as for how climate change will affect ...

...it’s a bit 
because we’re so good at

finally,
something 
I can

c’mon dad, let’s 
go back to the 

What if
 destroys 

marine ecosystems?

we’ll just eat  

but what would 
you  the 
farmed fish?

but how are you 
going to 

my
will

but then the fish will 
taste less like fish and 

more like 

6

of course 
won’t necessarily be 

...than .

this is a threat 
to my 

!

this is a threat to 
my

but it will definitely be ...

Homo Sapiens Penuriosus

Homo Sapiens Opulentus

7



... ...

you can see the 
when you look at ...

... ...

at least we’ve got
 and 

This 4x4 

Our TIN ROOF 
doubles as a 

at least it won’t 
be so  in 
the

my

oh, no!
oh, no!

my

flash
Floods?

Dust
 storms?

8

$6 for a 

... ...

...and 

and the impact on the poor is especially unfair since they 

 $6 for a 

 Guess I won’t buy 
another until 

.

 Guess I won’t 
buy another 
until

my carbon 

is more like a 

9



But even those who  will face ...

...and there’s a chance that even the rich will be 

whaddya mean I miss all that 

I miss

Especially
towards the 

fortunately,  will likely mean
 and  in the decades ahead.

remember the 

we told on

yeah, tell it 
to us 

10

beyond 2100

The world will 
continue

, you know.

At least we 



so far we’ve focussed on the impacts of 
climate change 

in other words, 
We’ve focussed on how 

climate change will affect ...
...and our  and 

.

but now we’re going to look at what might 
happen in the 

i don’t 
this book!

like to  great 
great great great 

grandchildren.

C
A U

ser
s G

uid
e t

o

the
 Co

nse
que

nce
s o

f 

BUsin
ess

 as U
su

al 

Bet
ween

 No
w & 210

0

2

unfortunately, even if we went 
and stopped emitting greenhouse gases ...

...human-induced climate change would .

in fact, temperatures and sea levels would

I said 
 by zorg!

party’s
over.

They’d just rise 

than if we KEEP 
POLLUTING. but

3



One reason climate impacts 
is that CO is a 

About  of the CO
we’re emitting now will 

...

...and about 
 will still be at it in

Long live CO !
well that’s not 
really what we 

...Or

as far as humans 
are concerned, 

that’s pretty much 

nyaa nyaa!

most of the rest will 
have

...
...making them 

Like
...

4

Another reason 
is that 

This means that the planet doesn’t respond 
 to changes in energy balance.

instead it responds ...

...which in this case can mean  if not

Poke!

Poke!

Poke!

ARGH!

dude!

ouch!

5



 One especially  part of 
the earth’s climate system is

Zzzzzzz

...might be 
than  in 

2100.

ok class, today 
we’re going to watch 

in 2200...

We saw in Chapter 8 that 
seas are likely to rise about 

.

...because once glaciers  to melt, 
it’s hard to tell when they’ll .

but there’s a good chance seas will continue to rise 
for ...

6

if all of  eventually melts, 
the seas will rise by about 

if the melts,
they’d rise 

if  of Antarctica melts, they’d 
rise .

Goodbye

Goodbye

goodbye

but remember, melting mile-thick ice sheets would 
take ...

7



...and  what 
the world will look like in 

we could have 

...

we could discover

...

...or return to 
   the .

...or wind up

the world 
population could 
be ...

...or

To see how hard it is to look , imagine someone in ...

...trying to anticipate .

What kind of 
 are 

you

Howdy,

8

indeed, when the swedish chemist 
 first studied climate 

change ...
...he thought the results would be 

of course, he lived in 

...will bring 
forth much more 

than at present.

the 
 of 

in the atmosphere...

which just shows how  it is 
to ...

...especially about the 

brrrr.

in 100 years we’ll all be 
because of 

... ...unless we’re 
 because 

of

9



...the  associated 
with global warming...

 In sum, although the 

for the earth’s climate 
is pretty clear...

...is one of the  that add 
to the problem of climate change. 

What’s the 
 major 

issue?

The choices 
will have consequences for 
your

I’M JUST 

10

uncertainty

well, if you want
to be ...

...we’ll just have to 



In this chapter we’re going to take 
 a break from ... ...and think for a bit about

i just got 
in a 

...

congratulations, 
it’s a 

today was the 
usual The

and 

congratulations, 
it’s

...with 
an 

2

When it comes to climate,
 are, well, 
.

but no matter how you ...

 ... doesn’t
mean 

that would be 

hey, nobody’s 

dude,

could all of 
antarctica 

These odds 
are

These odds 
are

These odds 
are These odds are 

We can see this by looking at
 made by climate scientists.

3



while Many scientific predictions 
about climate change have

...

...others 
      have ...

...and for 

we thought 
would rise this 

much...

oops.

we thought 
 would 

rise this much...

we thought 

would melt this 
much...

...but it rose 

...but not 

we thought 
 would 

rise this much... ...
...

...both for ...

4

in other words, some 
scenarios scientists thought 

were ...

...

tough luck.

maddening though it is, this sort of 
 is unavoidable.

is

xyz

xyz

News flash:

5



SCREEEEEEEEEEEEEEEEEEEEE
some of the  stems from all the 

 in the climate system. 

And to complicate matters there are also 
.

Hey dummy, 
don’t put the 

in front of the 

...negative 
feedback loops 

Instead of 

...
higher temperatures 

...

more clouds 
cause

...

like the 

   effect...
...and

 the 

effect.

..?

look up 
FEEDBACK in the 

...

6

the truth is, the earth’s climate system is
and ...

...we will  be able to predict the future with

...so no matter how much  we build into our ...

wait, there’s 

I think that’s 

...but maybe it’ll
 be only ...

...and maybe as 
much as  or 

we’re 
looking at ...

changing 
currents

melting
permafrost

projected
fossil fuel use.

emerging
efficiencies.

human population 
growth.

sunspots

el nino

7



If REALITY turns out to be 
than we’d thought...

...then business as usual might 

and that leaves us with 
a

Carbon emissions 
have 

...

...the climate has 

thanks to rapid 
economic growth, 
we all get 

...
...  there’s not too 
much extra suffering from 

climate change.

whew, we

back there. 

C

8

...then business
as usual could be

But if REALITY turns out to be 
than we’d thought...

we thought
 we’d all get   

...

...the gulf 
stream has 

...

...the sahara
 is ...

...the oceans 
are like 

Carbon emissions
...

...but all 
the crops are 

...

...and the only 
other thing to 
eat is 

C

9



especially with 
an 

for
 i’ll tell your 

fortune...

...but for an extra 
i’ll throw in 

for example, while it’s 
 that you’ll get 

into a ...

...it’s a good idea to just in case.

insurance gives 
you a way to

... ...to ease potential 
problems

.

...or become ...

it’s another case of 

all this talk about 
...

...should make you think  
about

10

...we should buy insurance, 

similarly, although it’s  that 
will be ...

but we don’t want 
our  to 

i like 
.

the whole planet 
could become like 

which begs a :

insurance.

insurance. insurance.
even

insurance.

i’ve got 

insurance.
you can buy 

insurance for 

...

...but how do you buy insurance for the 

11



the more we 
reduce ...

...we can all still 

don’t worry...

...the less likely 
we’ll 

and we’ll learn more about that in the 

...is to  of co
and other greenhouse gases.

as it turns out, 
our ...

12


