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SECTION	ONE

CLIMATE	OF	FEAR



INTRODUCTION

WE	LIVE	IN	AN	AGE	OF	FEAR—particularly	a	fear	of	climate	change.	One
picture	summarizes	this	age	for	me.	It	is	of	a	girl	holding	a	sign	saying:

YOU’LL	DIE	OF	OLD	AGE	I’LL	DIE	OF	CLIMATE	CHANGE

This	is	the	message	that	the	media	is	drilling	into	our	heads:	climate	change
is	 destroying	 our	 planet	 and	 threatens	 to	 kill	 us	 all.	 The	 language	 is	 of
apocalypse.	 News	 outlets	 refer	 to	 the	 “planet’s	 imminent	 incineration”	 and
analysts	 suggest	 that	 global	 warming	 could	 make	 humanity	 extinct	 in	 a	 few
decades.	Recently,	 the	media	has	 informed	us	 that	 humanity	has	 just	 a	 decade
left	 to	 rescue	 the	 planet,	 making	 2030	 the	 deadline	 to	 save	 civilization.	 And
therefore	we	must	 radically	 transform	 every	major	 economy	 to	 end	 fossil	 fuel
use,	reduce	carbon	emissions	to	zero,	and	establish	a	totally	renewable	basis	for
all	economic	activity.1

Children	live	in	fear	and	line	the	streets	in	protest.	Activists	are	cordoning	off
cities	and	airports	 to	 raise	awareness	 that	 the	entire	population	of	 the	planet	 is
facing	“slaughter,	death,	and	starvation.”2



Influential	 books	 reinforce	 this	 understanding.	 In	 2017,	 journalist	 David
Wallace-Wells	 wrote	 a	 lengthy	 and	 terrifying	 description	 of	 global	 warming
impacts	 for	New	York	magazine.	Although	 the	article	was	generally	panned	by
scientists	 as	 exaggerated	 and	 misleading,	 he	 went	 on	 to	 publish	 the	 same
argument	in	book	form	in	The	Uninhabitable	Earth,	which	became	a	bestseller.
The	 book	 revels	 in	 unabashed	 alarmism:	 “It	 is	 worse,	 much	 worse,	 than	 you
think.”	Likewise,	in	his	2019	book,	Falter,	naturalist	Bill	McKibben	warned	that
global	 warming	 is	 the	 greatest	 threat	 to	 human	 civilization,	 worse	 even	 than
nuclear	war.	 It	 could	 finish	 off	 humanity	 not	with	 an	 explosion	 but	 “with	 the
burble	of	a	rising	ocean.”	A	bookshelf	would	groan	under	 the	weight	of	recent
books	 with	 deliberately	 terrifying	 titles	 and	 messages:	 Field	 Notes	 from	 a
Catastrophe:	Man,	Nature,	and	Climate	Change;	Storms	of	My	Grandchildren:
The	Truth	About	the	Coming	Climate	Catastrophe	and	Our	Last	Chance	to	Save
Humanity;	The	Great	Derangement:	Climate	Change	and	the	Unthinkable;	and
This	Is	the	Way	the	World	Ends:	How	Droughts	and	Die-offs,	Heat	Waves	and
Hurricanes	Are	Converging	on	America.3

Media	 outlets	 reinforce	 the	 extreme	 language	 by	 giving	 ample	 space	 to
environmental	 campaigners,	 and	 by	 engaging	 in	 their	 own	 activism.	 The	New
York	Times	warns	that	“across	the	globe	climate	change	is	happening	faster	than
scientists	predicted.”	The	cover	of	Time	magazine	tells	us:	“Be	worried.	Be	very
worried.”	 The	 British	 newspaper	 the	Guardian	 has	 gone	 further,	 updating	 its
style	 guidelines	 so	 reporters	 must	 now	 use	 the	 terms	 “climate	 emergency,”
“climate	 crisis,”	 or	 “climate	 breakdown.”	 Global	 warming	 should	 be	 “global
heating.”	 The	 newspaper’s	 editor	 believes	 “climate	 change”	 just	 isn’t	 scary
enough,	 arguing	 that	 it	 “sounds	 rather	passive	 and	gentle	when	what	 scientists
are	talking	about	is	a	catastrophe	for	humanity.”4

Unsurprisingly,	 the	 result	 is	 that	most	 of	 us	 are	 very	worried.	A	 2016	 poll
found	that	across	countries	as	diverse	as	the	United	Arab	Emirates	and	Denmark,
a	majority	 of	 people	 believe	 that	 the	world	 is	 getting	worse,	 not	 better.	 In	 the
United	Kingdom	and	the	United	States,	two	of	the	most	prosperous	countries	on
the	planet,	an	astonishing	65	percent	of	people	are	pessimistic	about	the	future.
A	2019	 poll	 found	 that	 almost	 half	 of	 the	world’s	 population	 believes	 climate
change	likely	will	end	the	human	race.	In	the	United	States,	four	of	 ten	people
believe	global	warming	will	lead	to	mankind’s	extinction.5

There	 are	 real	 consequences	 to	 this	 fear.	 People	 are	 deciding,	 for	 instance,
not	to	bring	children	into	the	world.	One	woman	told	a	journalist:	“I	know	that
humans	are	hard-wired	to	procreate,	but	my	instinct	now	is	to	shield	my	children



from	 the	 horrors	 of	 the	 future	 by	 not	 bringing	 them	 to	 the	world.”	The	media
reinforce	this	choice;	the	Nation	wants	to	know:	“How	Do	You	Decide	to	Have	a
Baby	When	Climate	Change	Is	Remaking	Life	on	Earth?”6

If	 adults	 are	 worried	 silly,	 children	 are	 terrified.	 A	 2019	Washington	 Post
survey	showed	that	of	American	children	ages	thirteen	to	seventeen,	57	percent
feel	 afraid	 about	 climate	 change,	 52	 percent	 feel	 angry,	 and	 42	 percent	 feel
guilty.	A	2012	academic	study	of	children	ages	ten	to	twelve	from	three	schools
in	 Denver	 found	 that	 82	 percent	 expressed	 fear,	 sadness,	 and	 anger	 when
discussing	 their	 feelings	about	 the	environment,	 and	a	majority	of	 the	children
shared	apocalyptic	views	about	 the	future	of	 the	planet.	 It	 is	 telling	 that	 for	70
percent	 of	 the	 children,	 television,	 news,	 and	movies	 were	 central	 to	 forming
their	terrified	views.	Ten-year-old	Miguel	says	about	the	future:

There	won’t	 be	 as	many	countries	 anymore	because	of	global	warming,
because	I	hear	on	like	the	Discovery	Channel	and	science	channels	like	in
three	years	the	world	might	flood	from	the	heat	getting	too	much.

These	findings,	if	valid	nationwide,	suggest	that	more	than	ten	million	American
children	are	terrified	of	climate	change.7

As	 a	 result	 of	 this	 fear,	 around	 the	 world	 children	 are	 skipping	 school	 to
protest	 against	 global	 warming.	Why	 attend	 classes	 when	 the	 world	 will	 end
soon?	Recently,	a	Danish	first-grader	asked	her	teacher	earnestly:	“What	will	we
do	when	the	world	ends?	Where	will	we	go?	The	rooftops?”	Parents	can	find	a
glut	 of	 online	 instructions	 and	 guides	 with	 titles	 like	 Parenting	 in	 a	 World
Hurtling	Toward	Catastrophe	and	On	Having	Kids	at	the	End	of	the	World.	And
so,	representing	her	generation’s	genuinely	held	 terror,	a	young	girl	holds	up	a
sign	that	says	“I’ll	die	of	climate	change.”8

I	HAVE	BEEN	part	of	 the	global	discussion	on	climate	change	policy	 for	 two
decades,	since	writing	The	Skeptical	Environmentalist.	Throughout	all	this	time,
I	have	argued	that	climate	change	is	a	real	problem.	Contrary	to	what	you	hear,
the	 basic	 climate	 findings	 have	 remained	 remarkably	 consistent	 over	 the	 last
twenty	years.	Scientists	agree	that	global	warming	is	mostly	caused	by	humans,
and	there	has	been	little	change	in	the	impacts	they	project	for	temperature	and
sea	level	rise.9

The	political	reaction	to	the	reality	of	climate	change	has	always	been	flawed



—this,	 too,	I	have	been	pointing	out	for	decades.	There	are,	I	have	argued	and
continue	to	argue,	smarter	ways	than	our	present-day	approach	to	tackle	global
warming.	 But	 the	 conversation	 around	me	 has	 changed	 dramatically	 in	 recent
years.	The	 rhetoric	on	climate	change	has	become	ever	more	extreme	and	 less
moored	to	the	actual	science.	Over	the	past	twenty	years,	climate	scientists	have
painstakingly	 increased	knowledge	about	climate	change,	and	we	have	more—
and	more	reliable—data	than	ever	before.	But	at	the	same	time,	the	rhetoric	that
comes	from	commentators	and	the	media	has	become	increasingly	irrational.

The	 science	 shows	 us	 that	 fears	 of	 a	 climate	 apocalypse	 are	 unfounded.
Global	warming	 is	 real,	 but	 it	 is	 not	 the	 end	 of	 the	world.	 It	 is	 a	manageable
problem.	Yet,	we	now	live	in	a	world	where	almost	half	the	population	believes
climate	 change	 will	 extinguish	 humanity.	 This	 has	 profoundly	 altered	 the
political	reality.	It	makes	us	double	down	on	poor	climate	policies.	It	makes	us
increasingly	 ignore	all	other	challenges,	 from	pandemics	and	food	shortages	 to
political	 strife	 and	 conflicts,	 or	 subsume	 them	 under	 the	 banner	 of	 climate
change.

This	 singular	 obsession	with	 climate	 change	means	 that	we	 are	 now	 going
from	wasting	billions	of	dollars	on	ineffective	policies	to	wasting	trillions.	At	the
same	time,	we’re	ignoring	ever	more	of	the	world’s	more	urgent	and	much	more
tractable	challenges.	And	we’re	scaring	kids	and	adults	witless,	which	is	not	just
factually	wrong	but	morally	reprehensible.

If	 we	 don’t	 say	 stop,	 the	 current,	 false	 climate	 alarm,	 despite	 its	 good
intentions,	is	likely	to	leave	the	world	much	worse	off	than	it	could	be.	That	is
why	I’m	writing	this	book	now.	We	need	to	dial	back	on	the	panic,	look	at	the
science,	 face	 the	 economics,	 and	 address	 the	 issue	 rationally.	 How	 do	we	 fix
climate	 change,	 and	 how	 do	 we	 prioritize	 it	 amid	 the	 many	 other	 problems
afflicting	the	world?

CLIMATE	CHANGE	IS	REAL,	it	is	caused	predominately	by	carbon	emissions
from	humans	burning	fossil	fuels,	and	we	should	tackle	it	intelligently.	But	to	do
that,	we	need	to	stop	exaggerating,	stop	arguing	that	it	is	now	or	never,	and	stop
thinking	 climate	 is	 the	 only	 thing	 that	matters.	Many	 climate	 campaigners	 go
further	than	the	science	supports.	They	implicitly	or	even	explicitly	suggest	that
exaggeration	 is	acceptable	because	 the	cause	 is	so	 important.	After	a	2019	UN
climate	science	report	led	to	over-the-top	claims	by	activists,	one	of	the	scientist
authors	warned	against	exaggeration.	He	wrote:	“We	risk	turning	off	the	public
with	extremist	 talk	 that	 is	not	 carefully	 supported	by	 the	 science.”	He	 is	 right.



But	the	impact	of	exaggerated	climate	claims	goes	far	deeper.10
We	 are	 being	 told	 that	 we	 must	 do	 everything	 right	 away.	 Conventional

wisdom,	 repeated	ad	nauseam	in	 the	media,	 is	 that	we	have	only	until	2030	 to
solve	the	problem	of	climate	change.	This	is	what	science	tells	us!11

But	this	is	not	what	science	tells	us.	It’s	what	politics	tells	us.	This	deadline
came	from	politicians	asking	scientists	a	very	specific	and	hypothetical	question:
basically,	what	will	 it	 take	 to	keep	climate	change	below	an	almost	 impossible
target?	Not	surprisingly,	the	scientists	responded	that	doing	so	would	be	almost
impossible,	and	getting	anywhere	close	would	require	enormous	changes	 to	all
parts	of	society	by	2030.

Imagine	 a	 similar	 discussion	 on	 traffic	 deaths.	 In	 the	 United	 States,	 forty
thousand	people	die	each	year	in	car	crashes.	If	politicians	asked	scientists	how
to	 limit	 the	number	of	deaths	 to	an	almost	 impossible	 target	of	zero,	one	good
answer	would	be	to	set	the	national	speed	limit	to	three	miles	per	hour.	Nobody
would	die.	But	science	is	not	telling	us	that	we	must	have	a	speed	limit	of	three
miles	per	hour—it	only	informs	us	that	if	we	want	zero	dead,	one	simple	way	to
achieve	that	is	through	a	nationwide,	heavily	enforced	three-mile-per-hour	speed
limit.	Yet,	 it	 is	a	political	decision	for	all	of	us	 to	make	the	trade-offs	between
low	speed	limits	and	a	connected	society.12

Today,	such	is	our	single-minded	focus	on	climate	change	that	many	global,
regional,	and	even	personal	challenges	are	almost	entirely	subsumed	by	climate
change.	Your	house	is	at	risk	of	flooding—climate	change!	Your	community	is
at	risk	of	being	devastated	by	a	hurricane—climate	change!	People	are	starving
in	the	developing	world—climate	change!	With	almost	all	problems	identified	as
caused	by	climate,	 the	apparent	solution	is	 to	drastically	reduce	carbon	dioxide
emissions	in	order	to	ameliorate	climate	change.	But	is	this	really	the	best	way	to
help?

If	you	want	to	help	people	in	the	Mississippi	floodplains	lower	their	risk	of
flooding,	 there	are	other	policies	 that	will	help	more,	faster,	cheaper,	and	more
effectively	 than	 reducing	carbon	dioxide	emissions.	These	could	 include	better
water	 management,	 building	 taller	 dikes,	 and	 stronger	 regulations	 that	 allow
some	floodplains	to	flood	so	as	to	avoid	or	alleviate	flooding	elsewhere.	If	you
want	 to	 help	 people	 in	 the	 developing	 world	 reduce	 starvation,	 it	 is	 almost
tragicomic	 to	 focus	 on	 cutting	 carbon	 dioxide,	 when	 access	 to	 better	 crop
varieties,	more	fertilizer,	market	access,	and	general	opportunities	 to	get	out	of
poverty	would	help	them	so	much	more,	faster,	and	at	lower	cost.	If	we	insist	on
invoking	climate	at	every	turn,	we	will	often	end	up	helping	the	world	in	one	of



the	least	effective	ways	possible.

WE	ARE	NOT	on	the	brink	of	imminent	extinction.	In	fact,	quite	the	opposite.
The	rhetoric	of	 impending	doom	belies	an	absolutely	essential	point:	 in	almost
every	way	we	can	measure,	life	on	earth	is	better	now	than	it	was	at	any	time	in
history.

Since	 1900,	 we	 have	more	 than	 doubled	 our	 life	 expectancy.	 In	 1900,	 the
average	life	span	was	just	 thirty-three	years;	 today	it	 is	more	than	seventy-one.
The	 increase	 has	 had	 the	 most	 dramatic	 impact	 on	 the	 world’s	 worst-off.
Between	1990	and	2015,	the	percentage	of	the	world	practicing	open	defecation
dropped	 from	30	 to	15	percent.	Health	 inequality	has	diminished	 significantly.
The	world	is	more	literate,	child	labor	has	been	dropping,	we	are	living	in	one	of
the	most	peaceful	times	in	history.	The	planet	is	getting	healthier,	too.	In	the	past
half-century,	we	have	made	 substantial	 cuts	 in	 indoor	 air	 pollution,	 previously
the	 biggest	 environmental	 killer.	 In	 1990,	 it	 caused	 more	 than	 8	 percent	 of
deaths;	this	has	almost	halved	to	4.7	percent,	meaning	1.2	million	people	survive
each	 year	 who	 would	 have	 died.	 Higher	 agricultural	 yields	 and	 changing
attitudes	 to	 the	 environment	 have	 meant	 rich	 countries	 are	 increasingly
preserving	 forests	 and	 reforesting.	 And	 since	 1990,	 2.6	 billion	 more	 people
gained	 access	 to	 improved	 water	 sources,	 bringing	 the	 global	 total	 to	 91
percent.13

Many	 of	 these	 improvements	 have	 come	 about	 because	 we	 have	 gotten
richer,	both	as	individuals	and	as	nations.	Over	the	past	thirty	years,	the	average
global	 income	per	person	has	almost	doubled.	That	has	driven	massive	cuts	 in
poverty.	In	1990,	nearly	four	in	ten	people	on	the	planet	were	poor.	Today,	it	is
less	than	one	in	ten.	When	we	are	richer,	we	live	better	and	longer	lives.	We	live
with	 less	 indoor	 air	 pollution.	Governments	 provide	more	 health	 care,	 provide
better	 safety	 nets,	 and	 enact	 stronger	 environmental	 and	 pollution	 laws	 and
regulations.14

Importantly,	 progress	 has	 not	 ended.	 The	 world	 has	 been	 radically
transformed	for	the	better	in	the	last	century,	and	it	will	continue	to	improve	in
the	 century	 to	 come.	Analysis	 by	 experts	 shows	 that	we	 are	 likely	 to	 become
much,	much	 better	 off	 in	 the	 future.	 Researchers	working	 for	 the	UN	 suggest
that	 by	 2100	 average	 incomes	will	 increase	 perhaps	 to	 450	 percent	 of	 today’s
incomes.	 Life	 expectancy	 will	 continue	 to	 increase,	 to	 eighty-two	 years	 or
possibly	 beyond	 a	 hundred	 years.	 As	 countries	 and	 individuals	 get	 richer,	 air
pollution	will	reduce	even	further.15



Climate	change	will	have	an	overall	negative	impact	on	the	world,	but	it	will
pale	 in	 comparison	 to	 all	 of	 the	 positive	 gains	 we	 have	 seen	 so	 far,	 and	 will
continue	 to	 see	 in	 the	 century	 ahead.	The	best	 current	 research	 shows	 that	 the
cost	 of	 climate	 change	 by	 the	 end	 of	 the	 century,	 if	 we	 do	 nothing,	 will	 be
around	 3.6	 percent	 of	 global	GDP.	This	 includes	 all	 the	 negative	 impacts;	 not
just	 the	 increased	 costs	 from	 stronger	 storms,	 but	 also	 the	 costs	 of	 increased
deaths	from	heat	waves	and	the	lost	wetlands	from	rising	sea	levels.	This	means
that	instead	of	seeing	incomes	rise	to	450	percent	by	2100,	they	might	increase
“only”	 to	 434	 percent.	 That’s	 clearly	 a	 problem.	 But	 it’s	 also	 clearly	 not	 a
catastrophe.	As	the	UN	climate	panel	put	it	themselves:16

For	most	 economic	 sectors,	 the	 impact	 of	 climate	 change	will	 be	 small
relative	 to	 the	 impacts	 of	 other	drivers	 [such	 as]	 changes	 in	population,
age,	income,	technology,	relative	prices,	lifestyle,	regulation,	governance,
and	many	other	aspects	of	socioeconomic	development	[italics	added].17

This	 is	 the	 information	 we	 should	 be	 teaching	 our	 children.	 The	 young	 girl
holding	 the	 sign	 “I’ll	 die	 of	 climate	 change”	 will	 not,	 in	 fact,	 die	 of	 climate
change.	She	is	very	likely	to	live	a	longer,	more	prosperous	life	than	her	parents
or	her	grandparents,	and	be	less	affected	by	pollution	or	poverty.

But	because	of	the	fear-mongering	surrounding	climate	change,	most	people
don’t	hear	the	good	news.	And	because	we	believe	that	climate	change	is	a	much
bigger	challenge	than	it	really	is,	many	countries	are	spending	more	and	more	to
combat	 it,	 and	spending	 it	 in	 less	and	 less	 sensible	ways.	Evidence	shows	 that
globally	 we	 are	 now	 spending	 more	 than	 $400	 billion	 annually	 on	 climate
change,	through	investments	in	renewables,	in	subsidies,	and	in	lost	growth.18

The	costs	are	likely	to	keep	increasing.	With	194	signatories,	the	2015	Paris
Agreement	 on	 climate	 change,	 the	 most	 expensive	 pact	 in	 human	 history,	 is
likely	 to	 incur	 costs	 of	 some	$1–$2	 trillion	per	year	 by	2030.	With	 ever	more
nations	making	promises	to	go	carbon	neutral	over	the	next	decades,	these	costs
could	escalate	to	tens	of	trillions	of	dollars	annually	in	the	coming	years.19

Any	response	to	climate	change	will	cost	money	(if	addressing	the	problem
made	money,	doing	so	wouldn’t	be	contentious	and	we’d	already	be	doing	it).	If
a	relatively	low-cost	policy	could	fix	most	of	the	problem,	that	could	be	money
well	 spent.	 However,	 it	 turns	 out	 that	 the	 Paris	 Agreement	 in	 its	 best-case
scenario	 will	 achieve	 just	 one	 percent	 of	 what	 the	 politicians	 have	 promised



(keeping	temperature	rises	to	1.5°C	[2.7°F]),	and	at	huge	cost.	It	is	simply	a	bad
deal	for	the	world.20

Moreover,	 it	 is	 unlikely	 that	 the	 Paris	 Agreement,	 or	 any	 other	 wildly
expensive	climate	initiatives,	will	be	sustainable.	While	many	people	are	worried
about	climate	change,	most	aren’t	willing	to	spend	much	of	their	own	money	to
solve	 the	 problem.	Across	 the	world,	 people	 are	 saying	 they’re	willing	 to	 pay
$100–$200	a	year	 to	 address	 climate	 change.	A	2019	Washington	Post	 survey
showed	 that	 while	 more	 than	 three-quarters	 of	 all	 Americans	 think	 climate
change	is	a	crisis	or	major	problem,	a	majority	was	unwilling	to	spend	even	$24
a	 year	 on	 fixing	 it.	 Yet,	 the	 commonly	 proposed	 policies	 will	 cost	 many
thousands	or	even	tens	of	thousands	of	dollars	per	person	per	year.21

When	 fighting	 climate	 change	 becomes	 too	 expensive,	 people	 will	 stop
voting	 for	 it.	 Voters	 have	 already	 rebelled	 against	 environmental	 policies	 that
push	up	 the	costs	of	energy:	 in	France	 this	 takes	 the	form	of	 the	Yellow	Vests
movement,	and	in	the	United	States,	Brazil,	Australia,	and	the	Philippines,	it	has
seen	the	election	of	politicians	campaigning	against	climate	change	policy.	For
this	 reason,	 less	 grandiose	 responses	 to	 climate	 change	 might	 also	 be	 more
effective,	because	the	electorate	won’t	turn	against	them.	Climate	policy	has	to
be	steady	to	be	effective	over	the	long	run,	and	if	the	costs	of	climate	policy	are
so	high	 that	 citizens	 consistently	 turn	 against	 the	governments	 that	promote	 it,
then	meaningful	change	will	be	hard	to	come	by.

ONE	OF	THE	great	ironies	of	climate	change	activism	today	is	that	many	of	the
movement’s	 most	 vocal	 proponents	 are	 also	 horrified	 by	 global	 income
inequality.	They	are	blind,	however,	to	the	fact	that	the	costs	of	the	policies	they
demand	will	be	borne	disproportionately	by	the	world’s	poorest.	This	is	because
so	much	of	climate	change	policy	boils	down	to	limiting	access	to	cheap	energy.

When	energy	becomes	more	 expensive,	we	all	 end	up	paying	more	 to	heat
our	houses.	But	because	the	poor	use	a	larger	share	of	their	incomes	on	energy,	a
price	 increase	 burdens	 them	 the	 most.	 In	 the	 rich	 world,	 an	 estimated	 two
hundred	 million	 people	 already	 suffer	 from	 energy	 poverty,	 meaning	 energy
sucks	 up	 one-tenth	 or	 more	 of	 their	 income.	 So	 they	 either	 have	 to	 use	 less
energy,	or	 they	have	 to	cut	 spending	on	other	 things.	But	 energy	poverty	 isn’t
just	 an	 extra	 cost	 to	 the	 already	 vulnerable—it	 can	 disrupt	 their	 lives.	 For
instance,	energy	poverty	means	that	poorer,	elderly	people	can’t	afford	to	keep
their	homes	properly	heated,	 leaving	 them	to	stay	 longer	 in	bed	 to	keep	warm.
The	 elite	 use	 only	 a	 small	 portion	 of	 their	 large	 incomes	 on	 energy,	 so	 even



dramatic	price	increases	matter	much	less	to	them.	This	is	why	it	is	easier	for	the
rich	 to	 argue	 for	 high	 energy	 taxes.	 In	 fact,	 financial	 benefits	 from	 climate
policies	 (like	 subsidies	 given	 to	 a	 homeowner	 for	 erecting	 a	 solar	 panel	 or
insulating	a	house,	or	driving	a	Tesla)	overwhelmingly	go	to	the	richest.22

In	poor	countries,	higher	energy	costs	harm	efforts	to	increase	prosperity.	A
solar	 panel,	 for	 instance,	 can	 provide	 electricity	 for	 a	 light	 at	 night	 and	 a	 cell
phone	charge,	but	it	cannot	deliver	sufficient	power	for	cleaner	cooking	to	avoid
indoor	air	pollution,	a	refrigerator	 to	keep	food	fresh,	or	 the	machinery	needed
for	 agriculture	 and	 industry	 to	 lift	 people	 out	 of	 poverty.	 Countries	 in	 the
developing	world	 need	 cheap	 and	 reliable	 energy,	 for	 now	mostly	 from	 fossil
fuels,	 to	 promote	 industry	 and	 growth.	Not	 surprisingly,	 a	 recent	 study	 of	 the
consequences	of	implementing	the	Paris	Agreement	showed	that	it	will	actually
increase	poverty.23

Our	 extraordinary	 focus	 on	 climate	 also	means	we	 have	 less	 time,	money,
and	attention	 to	spend	on	other	problems.	Climate	change	frequently	sucks	out
the	oxygen	from	almost	any	other	conversation	about	global	challenges.	In	rich
countries,	 this	 monomaniacal	 focus	 means	 we	 have	 fewer	 and	 shorter
conversations	on	how	to	fix	our	pension	plans,	improve	our	schools,	and	achieve
better	health	care.	For	poor	countries,	climate	policy	threatens	to	crowd	out	the
much	more	important	issues	of	health,	education,	jobs,	and	nutrition.	These	are
the	issues	that,	if	addressed	appropriately,	we	know	will	help	lift	the	developing
world	out	of	poverty	and	generate	a	much	better	future.

SO	WHAT	IS	the	way	forward?
First,	we	need	 to	evaluate	climate	policy	 in	 the	same	way	 that	we	evaluate

every	other	policy:	in	terms	of	costs	and	benefits.	What	that	means	in	this	case	is
that	we	have	to	weigh	the	costs	of	climate	policies	against	the	benefits	of	fewer
climate-related	problems.	The	climate	problems	are	incessantly	highlighted,	but
the	costs	of	a	policy	for	cutting	carbon	dioxide	are	just	as	real,	and	often	hit	the
poorest	 in	 society	 hardest.	 Carbon	 dioxide	 is	 a	 by-product	 of	 a	 society	 with
access	to	reliable	and	cheap	energy,	which	helps	produce	all	the	things	that	make
it	good:	 food,	heating,	 cooling,	 transportation,	 and	 so	on.	Restricting	access	 to
more	costly	and/or	less	reliable	energy	incurs	higher	costs	that	reduce	economic
growth.

In	the	case	of	carbon	dioxide,	the	best	research	on	costs	and	benefits	shows
that	we	 should	 cut	 some,	 but	 by	 no	means	 all,	 carbon	 dioxide	 emissions.	We
should	 do	 so	 through	 a	 carbon	 tax,	 starting	 out	 rather	 low	 at	 $20	 per	 ton	 of



emissions	 (equivalent	 to	 an	 18¢	 per	 gallon	 tax	 on	 gasoline)	 and	 slowly
increasing	it	over	the	century.	The	tax	should	preferably	be	coordinated	globally,
but	more	 likely	we’ll	 end	up	with	 a	 patchwork	of	 less	 effective	policies.	Still,
this	will	cut	the	global	temperature	rise	somewhat	and	prevent	us	from	reaching
the	 most	 damaging	 temperatures.	 It	 will	 also	 slightly	 slow	 economic	 growth,
because	that	is	the	inevitable	corollary	of	making	energy	more	expensive.

Overall,	this	turns	out	to	be	a	good	deal.	We	will	examine	the	inner	workings
of	 these	 climate-economic	 models	 later,	 but	 here	 is	 the	 gist.	 The	 cost	 from
slightly	more	expensive	energy	 translates	 into	a	slightly	slower-growing	global
economy	that	over	the	next	centuries	achieves	slightly	less	welfare	than	it	would
have	without	carbon	 taxes.	 In	short,	 the	extra	cost	 is	about	0.4	percent	of	 total
GDP.

The	 lower	 temperature	 rise	 will	 lead	 to	 fewer	 climate	 damages	 over	 the
coming	centuries	than	the	world	would	otherwise	have	seen.	In	total,	that	benefit
is	worth	about	0.8	percent	of	total	GDP.	The	simple	point	then	is	that	it	is	a	good
deal	to	pay	0.4	percent	of	GDP	to	obtain	a	benefit	of	0.8	percent	of	GDP.

Cutting	some	carbon	dioxide	makes	a	lot	of	sense.	First,	it	is	easy	to	cut	the
first	 tons,	 because	 these	 are	 the	 lowest-hanging	 fruit.	 There	 are	 many	 places
where	 efficiency	 can	 be	 obtained	 at	 low	 cost.	 You	 can	 stop	 heating	 the	 patio
when	nobody	is	outside,	incurring	just	the	minimal	inconvenience	of	turning	the
heat	off.	Also,	cutting	these	first	tons	has	the	largest	benefit,	because	it	cuts	the
highest	and	most	damaging	temperature	rises.24

But	 it	 is	 also	 important	 to	 recognize	 the	 scale	 of	 this	 solution.	We	pay	0.4
percent	 and	make	 the	 world	 0.8	 percent	 better	 off.	 In	 total,	 the	 benefit	 is	 0.4
percent	 of	 total	 global	 GDP.	 Getting	 a	 carbon	 tax	 right	 can	 make	 the	 world
better,	but	not	by	a	lot.

An	approach	 informed	by	cost-benefit	analysis	also	helps	show	us	what	we
shouldn’t	do.	We	should	not	try	to	eliminate	almost	all	carbon	dioxide	emissions
in	just	a	few	short	years.	Yet,	this	is	what	most	campaigners	clamor	for	and	most
politicians	profess	 to	want.	 If	we	 try	 to	do	 this,	 the	costs	could	escalate	out	of
hand.	 Competently	 done,	 we	 would	 need	 carbon	 taxes	 equivalent	 to	 tens	 or
hundreds	of	dollars	per	gallon	of	gasoline	in	order	to	effectively	prohibit	carbon
dioxide	emissions	in	short	order.	This	would	cost	us	about	3.4	percent	more	of
total	 global	 GDP.	 Yet,	 the	 extra	 benefits	 would	 be	 much	 lower	 at	 about	 1
percent,	making	the	world	overall	worse	off.	It	would	be	a	bad	deal,	even	if	all
policies	were	done	competently,	and	expertly	coordinated	across	all	nations	and
across	the	century.25



It	 is	much	more	 likely	 that	 such	panicked	 climate	 solutions	would	be	done
badly	and	 ineffectively,	which	could	make	 the	 total	 costs	 incredibly	 large.	We
would	in	essence	be	paying	a	fantastically	high	price	for	little	extra	benefit.	We
would	truly	leave	the	world	much	worse	off	than	it	need	be.

Let’s	return	to	the	speed	limit	analogy.	No	sensible	person	would	argue	that
we	don’t	need	any	speed	limits,	just	as	no	sensible	person	would	argue	that	we
should	 do	 nothing	 in	 response	 to	 climate	 change.	 At	 the	 same	 time,	 nobody
argues	that	we	should	set	the	speed	limit	at	three	miles	per	hour,	even	though	it
would	save	thousands	of	lives,	because	the	financial	and	personal	costs	would	be
too	high	for	us	to	bear.	And	so	we	find	a	compromise	solution	somewhere	in	the
range	 of	 fifty-five	 to	 eighty-five	 miles	 per	 hour.	 People	 who	 worry	 primarily
about	safety	will	argue	for	speed	limits	at	 the	lower	end,	while	 those	who	care
more	about	the	financial	implications	of	free	movement	will	argue	for	the	higher
end.	It’s	a	reasonable	range	for	conversation.

By	demanding	an	immediate	and	dramatic	reduction	of	carbon	dioxide	levels
worldwide,	 climate	 activists	 are	 essentially	 arguing	 for	 the	 three-mile-per-hour
speed	limit.	It’s	a	ridiculous	demand,	at	least	for	anyone	who	has	to	get	to	work
in	the	morning.
Second,	we	need	to	look	at	smarter	solutions	to	climate	change.	Top	climate

economists	agree	that	the	best	way	to	combat	its	negative	effects	is	to	invest	in
green	innovation.	We	should	be	innovating	tomorrow’s	technologies	rather	than
erecting	today’s	inefficient	turbines	and	solar	panels.	We	should	explore	fusion,
fission,	water	 splitting,	 and	more.	We	 can	 research	 algae	 grown	 on	 the	 ocean
surface	that	produces	oil.	Because	the	algae	converts	sunlight	and	carbon	dioxide
to	oil,	burning	that	oil	will	not	release	any	new	carbon	dioxide.	Oil	algae	are	far
from	 cost	 effective	 now,	 but	 researching	 this	 and	many	 other	 solutions	 is	 not
only	 cheap	 but	 also	 offers	 our	 best	 opportunity	 to	 find	 real	 breakthrough
technologies.26

If	 we	 innovate	 the	 price	 of	 green	 energy	 down	 below	 that	 of	 fossil	 fuels,
everyone	will	 switch—not	 just	 rich	world	 countries	 but	 also	China	 and	 India.
The	 models	 show	 that	 each	 dollar	 invested	 in	 green	 energy	 research	 and
development	(R&D)	will	avoid	$11	of	climate	damage.	This	will	be	hundreds	of
times	more	effective	than	current	climate	policies.27

Finding	the	breakthroughs	that	will	power	the	rest	of	the	twenty-first	century
could	 take	 a	 decade	 or	 it	 could	 take	 four.	 But	 we	 do	 know	 that	 we	 certainly
won’t	 solve	 the	 problem	 with	 more	 empty	 promises	 and	 investment	 in
inefficiency.	Innovation	must	be	unleashed.



Unfortunately,	we	are	not	doing	this	now.	While	everyone	in	principle	agrees
we	should	be	spending	much	more	on	R&D,	the	fraction	of	rich	countries’	GDP
actually	going	into	R&D	has	halved	since	the	1980s.	Why?	Because	putting	up
inefficient	solar	panels	makes	for	good	photo	ops,	and	it	feels	like	we’re	doing
something—funding	eggheads	is	harder	to	visualize.28

This	 is	 one	more	 cost	 of	 the	 relentless	 alarmism.	 Since	we’re	 so	 intent	 on
doing	something	right	now,	even	if	it	is	almost	trivial,	we	neglect	to	focus	on	the
technological	breakthroughs	that	 in	 the	long	run	could	actually	allow	humanity
to	move	away	from	fossil	fuels.
Third,	we	need	to	adapt	to	changes.	The	good	news	is	that	we	have	done	this

for	centuries,	when	we	were	much	poorer	and	less	technologically	advanced.	We
can	definitely	do	this	in	the	future.	Take	agriculture.	As	temperatures	rise,	some
wheat	 varieties	might	 produce	 less.	 But	 farmers	 will	 plant	 other	 varieties	 and
change	crops,	while	more	wheat	farming	will	take	place	farther	north.	This	is	not
cost	free,	but	it	will	significantly	reduce	the	costs	of	climate	change.

Humans	have	proven	 themselves	 to	be	 ingenious	masters	at	adaptation.	We
can	 look	 to	 Bangladesh,	 which	 has	 massively	 lowered	 the	 death	 toll	 from
tropical	cyclones	since	the	1970s	by	investing	in	smart	disaster	preparation	and
better	building	codes,	or	 to	New	York	City,	which	 learned	from	tropical	storm
Sandy	 and	 introduced	 a	 range	 of	 simple	 measures	 like	 storm	 covers	 for	 the
subway	system.
Fourth,	we	should	research	geoengineering,	which	mimics	natural	processes

to	reduce	the	earth’s	temperature.	When	the	Mount	Pinatubo	volcano	erupted	in
1991,	 about	 fifteen	 million	 tons	 of	 sulfur	 dioxide	 were	 pumped	 into	 the
stratosphere,	 forming	 a	 slight	 haze	 that	 spread	 around	 the	globe.	By	 reflecting
incoming	 sunlight	 this	 haze	 cooled	 the	 earth’s	 surface	 by	 an	 average	 of	 one
degree	Fahrenheit	for	eighteen	months.

Scientists	 suggest	 we	 could	 replicate	 such	 a	 volcanic	 effect	 and	 cool	 the
world	 a	 lot	 at	 a	 very	 low	cost.	 It	 could	 also	 cool	 the	world	 very	 quickly,	 in	 a
matter	 of	 days	 or	weeks.	 In	 that	way,	 geoengineering	 could	 provide	 us	with	 a
potential	backup	policy	if,	for	instance,	we	find	that	the	West	Antarctic	ice	sheet
has	 started	melting	precipitously.	Standard	 fossil-fuel-cutting	policies	will	 take
decades	to	implement	and	half	a	century	to	have	any	noticeable	climate	impact.
Only	geoengineering	can	reduce	the	earth’s	temperature	quickly.

We	should	not	do	geoengineering	yet,	because	there	might	be	downsides	we
haven’t	 investigated.	 But	 we	 should	 research	 it	 to	 find	 out	 if	 it	 might	 offer
plausible	solutions	in	some	cases.



Fifth,	and	finally,	we	need	to	remind	ourselves	that	climate	change	is	not	the
only	global	challenge.	To	most	people,	it	is	not	the	most	important	issue—it	is	in
fact	the	least	important	one.	A	UN	global	poll	of	nearly	ten	million	people	found
climate	 to	 be	 the	 lowest	 policy	 priority,	 far	 behind	 education,	 health,	 and
nutrition	(see	figure	I.1).	People	in	rich	countries,	having	much	better	education,
health,	 and	 nutrition,	 tend	 to	 be	 more	 afraid	 of	 climate	 change,	 but	 even	 for
Europeans	 climate	 rises	 only	 to	 the	 tenth-highest	 concern.	 For	 the	 world’s
poorest,	climate	is	robustly	last.29

By	focusing	most	of	our	attention	on	climate	change,	we’re	 ignoring	other,
bigger	 issues	 that	 if	 addressed	 could	make	 the	 world	 a	much	 better	 place	 for
billions	of	people.	Expanding	immunization	and	curbing	tuberculosis,	improving
access	 to	modern	 contraception,	 ensuring	 better	 nutrition	 and	more	 education,
reducing	 energy	 poverty—all	 of	 these	 are	 well	 within	 our	 power	 and,	 if	 we
focused	 on	 them,	 could	 alleviate	 suffering	 for	 huge	 swaths	 of	 the	 world’s
population	right	now.

Moreover,	 if	 we	 invest	 more	 in	 development,	 it	 will	 also	 make	 everyone
more	 climate	 resilient.	 Making	 a	 community	 more	 resilient	 and	 prosperous
means	more	people	are	able	to	invest	in	adaptation	and	preparedness,	and	are	far
less	 vulnerable	 to	 climate	 shocks.	 It	 turns	 out	 that	 helping	 the	 extremely	 poor
improve	their	circumstances	also	helps	them	the	most	with	tackling	climate.

FIGURE	I.1	Top	policy	priorities	for	the	world.	In	connection	with	the
UN’s	Sustainable	Development	Goals,	9.7	million	people	from	across	the

world	ranked	their	priorities	out	of	sixteen	options.30

We	need	to	be	aware	that	when	we	insist,	as	part	of	foreign	aid	packages,	that



the	developing	world	align	with	our	climate	priorities,	we	are	enacting	a	kind	of
imperialism.	We	are	not	 listening	 to	what	 the	 citizens	of	 these	 countries	want.
We	are	jeopardizing	their	opportunity	to	lift	their	populations	out	of	poverty	for
the	sake	of	our	own	concerns.	This	isn’t	just	bad	policy.	It’s	grossly	unethical.

WE	NEED	TO	take	a	collective	deep	breath	and	understand	what	climate	change
is	and	isn’t.	It	is	not	like	a	huge	asteroid	hurtling	toward	earth,	where	we	need	to
stop	everything	else	and	mobilize	the	entire	global	economy	to	ward	off	the	end
of	the	world.	It	is	instead	a	long-term	chronic	condition	like	diabetes—a	problem
that	 needs	 attention	 and	 focus,	 but	 one	 that	 we	 can	 live	 with.	 And	 while	 we
manage	 it,	 we	 can	 live	 our	 lives	 and	 address	 the	 many	 other	 challenges	 that
ultimately	will	matter	much	more	for	the	future.31

In	 this	 book,	we	will	 start	 by	 examining	 the	 culture	 of	 fear	 created	 around
climate	 change.	 Next,	 we	 will	 ask,	 what	 does	 the	 science	 actually	 tell	 us	 to
expect?	 What	 is	 the	 cost	 of	 rising	 temperatures?	 After	 that,	 we	 will	 look	 at
what’s	 wrong	 with	 today’s	 approach.	 How	 is	 it	 that	 climate	 change	 is	 at	 the
forefront	 of	 our	minds,	 yet	we	 are	 failing	 to	 solve	 it?	What	 do	we	 achieve	by
making	 changes	 to	 our	 lifestyles?	 What	 are	 we	 achieving	 collectively,	 with
promises	made	under	 the	Paris	Agreement	on	climate	change?	Finally,	we	will
explore	how	we	could	actually	solve	climate	change.	What	policies	need	 to	be
prioritized	 in	order	 to	 rein	 in	 temperature	 rises	and	 leave	 the	planet	 in	 the	best
shape	possible	for	our	grandchildren?

We	have	 it	within	our	power	 to	make	 a	better	world.	But	 first,	we	need	 to
calm	down.



1

WHY	DO	WE	GET	CLIMATE	CHANGE	SO
WRONG?

PEOPLE	 ARE	 PANICKING	 about	 climate	 change	 in	 large	 part	 because	 the
media	 and	 environmental	 campaigners	 tell	 us	 to,	 because	 politicians	 overhype
the	likely	effects,	and	because	scientific	research	is	often	communicated	without
crucial	 context.	Too	often,	 the	missing	context	 is	 the	most	obvious	 fact	of	 all:
humans	adapt	to	their	changing	earth.	They	have	for	millennia	and	will	continue
to	do	so.	Any	projection	of	 the	 impact	of	climate	change	 that	 fails	 to	 take	 this
into	account	is	not	realistic.

There	 are	 strong	 incentives	 to	 tell	 the	 scariest	 possible	 story	 about	 climate
change.	Media	gets	more	clicks	and	views	with	frightening	stories.	Campaigners
get	 attention	 and	 funding.	 Researchers	who	 position	 themselves	 as	 addressing
apocalyptic	threats	get	outsized	attention,	more	recognition	for	their	universities,
and	 more	 future	 funding	 opportunities.	 Politicians	 who	 emphasize	 the	 scary
scenarios	 get	 to	 promise	 to	 save	 us,	 and	 in	 the	 process	 gain	 the	 authority	 to
distribute	significant	resources	to	fix	the	problem.

None	of	this	means	that	we	shouldn’t	worry	about	potentially	big	problems.
We	 want	 researchers	 looking	 for	 the	 big	 problems,	 media	 highlighting	 what
might	 harm	 us,	 and	 politicians	 saving	 us	 if	 we	 need	 it.	 But	 we	 should	 be
appropriately	skeptical,	because	selling	Armageddon	 is	also	 really	useful	 to	all
these	groups.

We	 should	 be	 most	 skeptical	 of	 the	 media’s	 coverage	 of	 climate	 change.
Nearly	every	day,	we	see	new	stories	about	rising	temperatures	and	the	extreme
damage	climate	change	will	cause.	Again,	the	media	is	rewarded	for	telling	the
most	alarmist	possible	version	of	the	climate	change	story—that’s	what	will	sell
the	most	newspapers	and	generate	the	most	clicks.	Nobody	clicks	on	a	link	titled



“Life	 in	 the	 future	 will	 be	 very	 recognizable	 but	 could	 be	 somewhat	 more
challenging	 in	 certain	 respects.”	And	 so	 instead	we	 read,	 in	 the	words	 of	 one
recent	 headline	 in	 the	 New	 York	 Post:	 “Climate	 Change	 Could	 End	 Human
Civilization	by	2050:	Report.”	It’s	highly	unlikely	that	the	journalist	who	wrote
the	article,	or	the	editor	who	came	up	with	the	shocking	headline,	was	setting	out
deliberately	and	carefully	to	mislead	their	readers.	But	the	journalist	and	editor
most	definitely	were	trying	to	get	more	readers.	And	it’s	clear	that	they	did	not
fully	 read	 or	 assess	 the	 study	 they	 reported	 on,	 much	 less	 vet	 it	 against	 the
established	science	on	the	topic.1

The	actual	2019	 study	on	which	 the	 story	was	based	 is	 just	 a	 flimsy	 seven
pages	from	a	little-known	think	tank,	and	veers	wildly	from	the	accepted	science
of	 the	United	Nations	climate	panel.	The	report	presents	 the	most	extreme	and
unlikely	 scenario	 in	which	 all	 climate	 impacts	 are	 far	worse	 than	projected	by
the	vast	majority	of	scientists.	Within	 that	extremely	artificial	setup,	which	 the
report	 authors	 state	 is	 beyond	 their	 capacity	 to	 model	 or	 even	 quantitatively
estimate,	there	would	indeed	be	a	“high	likelihood	of	human	civilization	coming
to	 an	 end.”	 But	 even	 then,	 the	 report	 does	 not	 set	 the	 date	 for	 the	 end	 of
civilization	at	2050,	but	only	in	some	unspecified	future.	As	one	climate	scientist
described	 it:	 “This	 is	 a	 classic	 case	 of	 a	 media	 article	 over-stating	 the
conclusions	 and	 significance	 of	 a	 non-peer	 reviewed	 report	 that	 itself	 had
already	overstated	(and	indeed	misrepresented)	peer-reviewed	science.”2

In	 other	 words,	 both	 the	 “report”	 and	 the	 news	 story	 were	 more	 climate
fiction	 than	 climate	 news.	Yet,	 in	 various	 forms	 this	 frightening	 story	made	 it
into	USA	Today,	CBS	News,	and	CNN,	among	many	other	major	media	news
outlets.3

WHAT	IS	THE	media’s	problem	with	climate	change?
Of	 course,	 there	 is	 some	 careful,	 responsible	 reporting.	 But	 there	 is	 much

more	 that	 isn’t.	Part	of	 the	problem	is	 that	over	 the	past	several	decades,	 in	an
effort	 to	 seem	 balanced,	 many	 media	 outlets	 gave	 space	 to	 climate	 change
deniers	long	after	their	arguments	had	been	thoroughly	debunked.	More	recently,
deniers	are	not	given	space,	and	this	 is	for	 the	better.	But	some	of	 the	alarmist
coverage	now	may	represent	an	effort	to	compensate	for	past	sins.	Journalists	are
making	 the	 same	mistake	 at	 the	 other	 end	 of	 the	 spectrum:	 they	 are	 failing	 to
hold	climate	alarmists	to	account	for	their	exaggerated	claims.

Take	the	June	13,	2019,	Time	magazine	cover	story.	The	secretary-general	of
the	United	Nations,	António	Guterres,	is	photographed	standing	in	a	suit	and	tie



with	water	up	to	his	thighs	off	the	coast	of	the	tiny	Pacific	island	nation	Tuvalu.
The	accompanying	article	warns	that	“rising	seas	threaten	to	submerge	Tuvalu”
and	 states	bleakly	 that	because	 it	 lies	 almost	 at	 sea	 level,	 any	 rise	 threatens	 to
wipe	Tuvalu	and	its	ten	thousand	inhabitants	“off	the	map	entirely.”4

Alas,	Secretary-General	Guterres	 ruined	a	perfectly	nice	 suit	 for	no	 reason:
this	is	not	what	the	science	says.	Yes,	global	warming	does	make	sea	levels	rise,
including	around	 the	more	 than	124	 reef	 islands	of	Tuvalu.	But	 it	would	have
taken	 the	 journalists	 just	 a	 few	 minutes	 to	 find	 the	 latest	 scientific	 study	 of
Tuvalu	 published	 in	Nature.	 It	 confirms	 that	 not	 only	 has	 the	 sea	 level	 been
rising,	but	around	Tuvalu	it	has	risen	at	twice	the	global	average.	Yet,	during	the
last	four	decades	of	strong	sea	level	rise,	Tuvalu	has	actually	expanded	and	seen
its	 total	 land	 area	 increase	 by	 2.9	 percent.	 This	 is	 a	 result	 of	 the	 process	 of
accretion.	Yes,	sea	level	rise	erodes	and	reduces	land	area,	but	at	the	same	time
old	coral	is	broken	up	by	waves	and	washed	up	on	low-lying	shores	as	additional
sand,	 which	 counteracts	 the	 reduction.	 The	 2018	 research	 shows	 that	 this
accretion	process	is	overpowering	the	erosion,	leading	to	net	land	area	gain	for
Tuvalu.	Moreover,	 this	 process	 is	 ongoing	 and	 its	 dynamic	 feature	will	 likely
mean	that	 the	Tuvalu	islands	can,	 in	 the	words	of	 the	Nature	study,	“persist	as
sites	for	habitation	over	the	next	century.”5

The	Time	 cover	story	also	warns	 that	 two	other	 island	nations,	Kiribati	and
the	Marshall	Islands,	will	be	wiped	off	the	map.	A	few	more	minutes	of	research
on	both	nations	would	have	undercut	the	entire	story.	In	Kiribati,	four	atolls	all
show	natural	accretion	outpacing	reduction	since	1943.	The	main	Tarawa	atoll,
where	half	the	population	lives,	has	seen	accretion	increase	the	total	land	area	by
3.5	 percent	 over	 three	 decades	 (plus	 a	 15	 percent	 increase	 from	 major
reclamation	projects	in	South	Tarawa).	Similarly,	the	Marshall	Islands	have	seen
their	total	land	area	increase	by	4	percent	because	of	natural	accretion.6

Indeed,	 in	 the	 latest	 research	 summarizing	 all	 these	 studies	 for	Micronesia,
the	Marshall	 Islands,	 Kiribati,	 French	 Polynesia,	 the	Maldives,	 and	 Tuvalu,	 it
turns	out	 that	accretion	has	beaten	out	sea	 level	 rise	on	all	atolls	and	all	 larger
islands.	 Despite	 sea	 level	 rising	 over	 recent	 decades,	 all	 atolls	 studied	 have
increased	 in	 area,	 and	 all	 the	 larger	 islands	 studied	 either	 remained	 stable	 or
increased	in	size.7

A	 more	 carefully	 investigated	 story	 would	 have	 included	 information	 on
accretion	and	land	mass	gain,	and	could	have	focused	on	the	challenges	facing
people	who	need	to	move	from	areas	of	erosion	to	accreted	land.	But	instead	of
looking	at	the	real	problems	that	nations	like	Tuvalu	will	face	because	of	climate



change,	 the	 Time	 magazine	 story	 is	 framed	 as	 “our	 sinking	 planet”:	 more
digestible,	scarier,	and	more	saleable.	But	also	deeply	misleading.

A	SIMILARLY	SCARY	STORY	swept	the	world	in	2019,	this	one	told	by	the
New	 York	 Times	 and	 many,	 many	 other	 media	 outlets:	 that	 vast	 swathes	 of
inhabited	area	will	be	underwater	by	2050,	with	cities	“erased.”	The	headlines
stem	from	quality	research:	a	2019	paper,	published	 in	Nature,	 that	shows	 that
past	 estimates	 of	 the	 impact	 of	 sea	 level	 rise	 have	 been	 wrong,	 because	 they
relied	 on	measurements	 of	 ground	 level	 that	 sometimes	 accidentally	measured
the	tops	of	trees	or	houses	rather	than	the	ground	itself.	This	means	vulnerability
to	sea	level	rise	has	been	underestimated.8

That’s	 important.	But	 the	media	used	 this	 to	 focus	on	a	dystopian	vision	of
2050.	The	New	York	Times	presented	a	terrifying	map	you	can	see	on	the	left	of
figure	1.1.	The	map	shows	which	areas	of	South	Vietnam	are	under	the	expected
high-tide	 water	 line	 and	 potentially	 at	 risk.	 Clearly	 this	 looks	 scary,	 and	 the
newspaper	in	no	uncertain	terms	declared	that	it	shows	South	Vietnam	will	“all
but	disappear”	because	 it	will	be	“underwater	at	high	 tide.”	 It	 told	 readers	 that
“more	than	20	million	people	in	Vietnam,	almost	one-quarter	of	the	population,
live	 on	 land	 that	 will	 be	 inundated.”	 Similar	 effects	 were	 shown	 around	 the
world.

This	news	went	viral.	“Climate	change	is	shrinking	the	planet,	in	the	scariest
possible	 way,”	 tweeted	 Bill	 McKibben,	 founder	 of	 international	 climate
advocacy	organization	350.org.	Climate	scientist	Peter	Kalmus	said	he	was	once
concerned	about	being	labeled	“alarmist,”	but	news	like	this	made	him	embrace
the	term.10



FIGURE	1.1	This	figure	estimates	the	area	of	South	Vietnam	below	high-
tide	water	level.	At	the	left,	the	map	the	New	York	Times	highlighted	for
readers.	The	newspaper	said	it	showed	that	by	2050	this	entire	part	of
Vietnam	“will	be	underwater	at	high	tide.”	This	claim	ignores	existing

protection.	Indeed,	most	of	South	Vietnam	is	already	below	high	tide,	and
almost	everyone	is	protected.	On	the	right	is	the	extra	land	that	will	be
below	high	tide	by	2050.	(Left	graph	reproduced	with	permission.)9

What	 did	 the	 media	 forget?	 To	 reveal	 what	 the	 comparative	 situation	 is
today.	And	it	is	almost	identical	to	the	situation	estimated	for	2050.	If	you	look
at	the	map	to	the	right	in	figure	1.1,	you	can	see	how	much	extra	land	will	be	at
risk	 in	 2050—almost	 none.	 Both	 maps	 simply	 show	 what	 everyone	 knows:
people	 in	 the	Mekong	Delta	 literally	 live	on	 the	water.	 In	South	Vietnam’s	An
Giang	province,	almost	all	land	that	is	not	mountainous	is	protected	by	a	dike.	It
is	“underwater”	in	the	same	way	that	much	of	Holland	is:	large	swathes	of	land
including	Schiphol,	the	world’s	fourteenth-largest	airport,	are	quite	literally	built
under	 the	 high-tide	mark.	 In	 London,	 almost	 a	million	 people	 live	 below	 that
level.	But	nobody	in	Holland,	London,	or	the	Mekong	Delta	needs	scuba	gear	to
get	around,	because	humanity	has	adapted	with	dikes	and	flood	protection.11

The	actual	research	on	which	the	New	York	Times	article	is	based	mentions	in
its	introduction	that	“coastal	defenses	are	not	considered”	in	its	approach.	That’s
fine	for	an	academic	paper,	but	it’s	ludicrous	for	the	media	to	use	its	findings	to
produce	claims	of	“20	million	people	underwater,”	or	for	campaigners	to	suggest
that	 this	gives	us	reason	 to	all	become	“alarmist.”	The	study	shows	 that	 today,
110	million	 people	 are	 “underwater”	 regularly.	 In	 reality,	 almost	 every	 one	 of
them	 is	 well	 protected.	 The	 real	 story	 here	 is	 the	 triumph	 of	 ingenuity	 and
adaptation.12

In	2050,	the	study	shows	a	global	increase	of	40	million	people	living	below
the	 high-tide	 mark:	 150	million	 in	 total.	 As	 we	 will	 see	 later	 in	 this	 chapter,
almost	all	of	these	additional	vulnerable	people	will	be	protected	at	a	fairly	low
cost.13

The	 media	 didn’t	 set	 out	 to	 deceive	 readers,	 but	 the	 news	 it	 shared	 was
unnecessarily,	unjustifiably	alarming.	The	real	news	is	that	an	increase	of	forty
million	people	 living	below	 the	high-tide	mark	will	be	a	 slight	worsening	of	a
challenge	 that	 we	 have	 shown	 ourselves	 completely	 capable	 of	 solving,	 in	 a
world	 that	will	 be	much	wealthier	 and	more	 resilient	 than	 it	 is	 today.	Context
matters.



ONE	OF	THE	most	influential	recent	examples	of	the	media’s	alarmist	approach
is	its	coverage	of	a	major	report	issued	in	2018	by	UN	climate	scientists.	Most
news	 outlets	 reported	 that	 these	 scientists	were	 urging	 the	world	 to	 drastically
cut	 emissions	 by	 2030,	 with	 huge	 changes	 needed	 to	 keep	 temperature	 rises
below	2.7°F	(1.5°C).	CNN	told	us,	for	example,	that	“Earth	has	12	years	to	avert
climate	 change	 catastrophe.”	 Versions	 of	 this	 story	 appeared	 in	 newspapers
worldwide,	and	have	been	parroted	by	politicians	and	activists	ever	since.14

In	 fact,	what	had	happened	was	 that	at	 the	Paris	climate	change	conference
three	years	earlier,	leaders	from	around	the	world	had	declared	that	they	wanted
to	 achieve	 the	 target	 of	keeping	 temperature	 rises	below	2.7°F.	They	even	put
that	aim	into	the	preamble	of	their	Paris	climate	change	agreement.	They	did	so
at	 the	 urging	 of	 campaigners	who	wanted	 to	 demonstrate	 their	 willpower	 and
ambition,	 and	 not	 because	 the	world’s	 scientists	 had	 come	 together	 to	 declare
this	arbitrary	cut-off	point	crucial.

Having	 already	 declared	 in	 2015	 that	 the	 goal	 was	 to	 restrict	 temperature
rises	to	less	than	2.7°F,	world	leaders	then	asked	the	UN’s	climate	scientists	to
find	out	what	it	would	actually	take	to	achieve	this	incredibly	ambitious	target.
The	scientists’	response	became	the	2018	report.

The	scientists,	who	have	promised	to	deliver	“policy-relevant	but	not	policy-
prescriptive	information”	according	to	UN	guidelines,	obligingly	said	the	2.7°F
goal	 was	 technically	 feasible	 but	 would	 “require	 rapid,	 far-reaching	 and
unprecedented	changes	 in	all	aspects	of	 society.”	Simply	put,	politicians	asked
them	 what	 it	 would	 take	 to	 do	 the	 almost	 impossible,	 and	 the	 scientists
responded	that	this	would	require	almost	impossible	policies.15

Yet,	the	report	was	presented	in	the	media	as	evidence	that	we	need	to	make
urgent,	 extreme	 carbon-emission	 reductions.	 It	 would	 be	 a	 bit	 like	 asking	 the
National	Aeronautics	and	Space	Administration	(NASA)	what	 it	would	 take	 to
move	the	entire	human	population	to	Mars.	NASA	would	obligingly	tell	us	that
it	 is	 technically	 feasible,	but	would	 require	 far-reaching	changes	 to	our	current
priorities	 and	 unprecedented	 investments	 in	 space	 technology.	 Campaigners
would	be	similarly	wrong	in	saying,	“See,	NASA	is	telling	us	that	we	all	need	to
go	to	Mars.”

This	 dramatic	 misrepresentation	 is	 crucial,	 because	 claiming	 that	 we	 have
just	twelve	years	left	is	one	of	the	reasons	why	children	are	striking	from	school,
cities	 and	 countries	 are	declaring	 “climate	 emergencies,”	 and	many	people	 are
even	 suggesting	 we	 consider	 suspending	 democracy	 to	 fight	 this	 existential
threat.16



Some	people	have	taken	the	report	to	mean	that	we	must	rein	in	temperature
rises	 by	 2030,	 or	 we	 will	 be	 on	 a	 trajectory	 that	 will	 eventually	 lead	 to
apocalypse.	Others	take	it	 to	mean	that	climate	Armageddon	is	imminent	if	the
problem	 hasn’t	 been	 solved	 by	 2030.	 Regardless,	 campaigners	 and	 politicians
argue	that	because	of	the	twelve-year	“deadline,”	we	should	stop	even	discussing
the	cost	of	climate	policy:	if	the	world	will	end,	surely	nothing	else	matters.

THE	 MEDIA’S	 ROLE	 in	 promulgating	 apocalyptic	 narratives	 doesn’t	 fully
explain	why	views	about	climate	change	are	so	extreme	on	either	side.	Another
important	element	is	the	fact	that	climate	change	increasingly	has	become	a	way
to	stand	out	to	voters:	“I’m	going	to	save	you	from	the	end	of	the	world,	and	my
opponent	won’t.”

The	politics	of	climate	change	is	increasingly	becoming	more	partisan.	In	the
United	 States	 well	 into	 the	 early	 1990s,	 opinion	 about	 environmental	 issues,
including	 climate	 change,	 remained	 remarkably	 unified.	 As	 recently	 as	 2008,
former	 GOP	 House	 Speaker	 Newt	 Gingrich	 and	 future	 Democratic	 Speaker
Nancy	Pelosi	filmed	an	ad	for	Al	Gore’s	nonprofit	organization	in	which	they	sat
cozily	together	on	a	sofa	agreeing	that	climate	action	shouldn’t	be	partisan.17

The	era	of	good	feeling	has	ended.	Global	warming	is	now	being	used,	often
explicitly,	 to	 advance	 broader	 causes	 in	 a	 partisan	 political	 environment	 that
shapes	the	United	States,	the	United	Kingdom,	Australia,	and	much	of	the	world.
This	fact	goes	a	long	way	toward	explaining	the	heightened	levels	of	alarmism
that	 characterize	 the	 current	 conversation	 about	 climate	 change.	 Up	 until	 the
2018	 midterm	 congressional	 elections,	 climate	 change	 was	 deemed	 such	 a
peripheral	campaign	issue	in	the	US	that	there	was	not	a	single	question	about	it
in	a	general	election	debate.	Things	then	changed	very	quickly.	By	2019,	CNN
was	hosting	an	entire	“town	hall	debate”	for	Democratic	presidential	contenders
framed	entirely	around	the	“climate	crisis.”18

A	partisan	 gap	 in	 attitudes	 has	 been	 fostered	 by	 both	 sides.	 Today,	 people
who	 identify	 as	 Democrats	 and	 Republicans	 are	 further	 apart	 on	 how	 much
priority	should	be	accorded	to	climate	change	than	on	any	other	single	issue.	Just
consider	that.	On	gun	control,	the	economy,	the	minimum	wage,	workers’	rights,
universal	health	care,	foreign	policy,	 immigration,	and	abortion,	Americans	are
more	aligned	than	they	are	on	climate	change.19

Democratic	states	including	New	York,	California,	Washington,	New	Jersey,
New	 Mexico,	 Nevada,	 and	 Maine	 have	 all	 passed	 bills	 requiring	 “carbon
neutrality”	by	2050	or	earlier.	(Being	“carbon	neutral”	means	carbon	emissions



have	been	reduced	to	zero,	or	balanced	out	by	reductions	elsewhere.)	Republican
states	have	not	passed	any	similar	legislation,	and	in	2019	the	Republican	Senate
minority	 in	 Democrat-controlled	 Oregon	 blocked	 a	 carbon	 neutrality	 bill	 by
literally	fleeing	the	state	to	avoid	a	quorum.	While	Democrats	have	passed	what
will	end	up	being	incredibly	expensive	promises,	President	Donald	Trump,	with
Republican	support,	has	done	the	opposite:	he	wants	to	do	nothing	at	all.	Neither
approach	is	right.20

The	 partisan	 divide	 in	 America	 is	 also	 reflected	 globally:	 overwhelming
concern	about	warming	is	worn	as	a	badge	of	honor	by	leaders	of	other	countries
who	want	 to	 highlight	 their	 differences	 from	 the	Trump	administration	 and	 its
woeful	lack	of	climate	policy.

Opposition	 to	 Trump	 has	 colored	 coverage	 of	 climate	 policy	 all	 over	 the
world.	 In	 the	wake	of	Trump’s	election,	 for	 instance,	a	number	of	high-profile
media	outlets	began	to	publish	stories	claiming	that	China	was	stepping	up	as	a
“leader”	on	 climate	 change.	A	 leader	 on	 climate	 change?	China	has	 tripled	 its
carbon	emissions	since	2000	to	become	the	world’s	largest	carbon	emitter,	and
has	seen	its	renewable	energy	use	halve	from	almost	20	percent	in	2000	to	about
10	 percent	 in	 2020	 (although	 it	 was	 even	 lower	 at	 7.5	 percent	 in	 2011).
According	 to	 official	 estimates,	 even	 if	 China	 implements	 all	 of	 its	 green
promises,	renewables	will	reach	only	18	percent	in	2040,	with	76	percent	of	its
energy	use	still	coming	from	fossil	fuels.	Holding	China	up	as	a	green	leader	is	a
false	narrative	that	tells	us	more	about	the	storytellers	(and	often	their	opposition
to	Trump)	than	it	does	about	China.21

SETTING	ARTIFICIAL	DEADLINES	to	get	more	attention	is	one	of	the	most
common	 tactics	 of	 climate	 change	 campaigners:	 if	 we	 don’t	 act	 by	 such-and-
such	 day,	 the	 planet	 will	 be	 doomed.	 In	 2019,	 Britain’s	 Prince	 Charles
announced	 that	 we	 had	 just	 eighteen	 months	 left	 to	 fix	 climate	 change	 or	 it
would	be	too	late.	But	this	wasn’t	his	first	attempt	at	deadline	setting.	Ten	years
earlier	he	told	an	audience	that	he	had	“calculated	that	we	have	just	96	months
left	to	save	the	world.”	In	2006,	Al	Gore	estimated	that	unless	drastic	measures
to	reduce	greenhouse	gases	were	taken	within	ten	years,	the	world	would	reach	a
point	of	no	return.22

But	we	can	go	back	even	further.	In	1989,	the	head	of	the	UN	Environment
Program	 declared	 we	 had	 just	 three	 years	 to	 “win—or	 lose—the	 climate
struggle.”	The	UN	summarized	the	threat:	“We	all	know	that	the	world	faces	a
threat	 potentially	 more	 catastrophic	 than	 any	 other	 threat	 in	 human	 history:



climate	change	and	global	warming.”	Really?	More	catastrophic	than	a	potential
all-out	nuclear	exchange?	More	catastrophic	than	the	one	hundred	million	dead
in	 two	 world	 wars	 in	 the	 twentieth	 century?	 And	 more	 catastrophic	 than
tuberculosis,	 which	 in	 the	 last	 two	 hundred	 years	 has	 killed	 about	 a	 billion
people?23

Nearly	a	decade	earlier	 than	 that,	 in	1982,	 the	UN	was	predicting	planetary
“devastation	as	complete,	as	 irreversible	as	any	nuclear	holocaust”	by	 the	year
2000,	 due	 to	 climate	 change	 and	 other	 challenges	 including	 ozone-layer
depletion,	 acid	 rain,	 and	 desertification.	And	 even	 earlier	 last	 century,	 climate
change	was	 causing	concern,	 though	 for	 a	 completely	different	 reason.	During
the	1970s,	while	global	warming	research	dominated	the	scientific	community,	a
number	of	high-profile	researchers	promoted	fear	of	a	“catastrophic”	oncoming
ice	 age.	 Science	 News	 had	 a	 1975	 cover	 showing	 glaciers	 overwhelming	 the
New	York	City	skyline.	Time	magazine	published	the	story	“Another	Ice	Age?”
in	1974,	suggesting	that	“telltale	signs	are	everywhere”	for	cooling,	and	that	its
“effects	could	be	extremely	serious,	if	not	catastrophic.”	Even	if	there	was	no	ice
age,	 the	 article	 told	 us,	 just	 a	 small	 drop	 in	 temperatures	 would	 lead	 to	 crop
failures,	making	human	life	unsustainable.24

The	fact	that	we’ve	worried	about	both	cooling	and	warming	does	not	mean
we	 should	 not	worry	 about	 either.	 The	 point	 is	 that	 the	media	 likes	 to	 predict
impending	doom,	preferably	with	a	 firm	date	attached.	And	 there	 is	something
about	human	psychology	that	makes	us	want	to	believe	it.

One	of	the	most	striking	examples	of	this	apocalyptic	tendency	came	in	1968,
when	a	group	of	academics,	civil	servants,	and	industrialists	met	in	Rome	to	talk
about	 the	 seemingly	 insoluble	 problems	 of	 the	 modern	 world.	 It	 was	 a
pessimistic	age:	the	techno-optimism	of	the	1950s	and	1960s	had	given	way	to
concern	 on	 a	 broad	 range	 of	 issues,	 from	 geopolitics	 (the	 Vietnam	 War)	 to
society	(the	“youth	rebellion”)	to	the	economy	(unemployment	and	stagflation).
Newsweek	 summarized	 the	mood	with	a	cover	showing	a	confused	Uncle	Sam
gazing	into	an	empty	cornucopia,	and	the	words	“Running	Out	of	Everything.”
In	the	same	year	 that	 this	“Club	of	Rome”	was	forming,	 the	massive	bestseller
The	 Population	 Bomb	 warned	 that	 humankind	 was	 breeding	 like	 rabbits	 and
gobbling	 up	 whatever	 resources	 it	 could	 find,	 essentially	 pushing	 our	 species
“into	oblivion.”25

Against	 this	 backdrop,	 the	 Club	 of	 Rome	 was	 determined	 “to	 make
mankind’s	 predicament	 more	 visible,	 more	 easy	 to	 grasp,”	 as	 one	 of	 the
members	 recalled	 later.	 The	 think-tank	membership	was	 convinced	 that	 all	 of



humanity	was	doomed	because	too	many	people	would	consume	too	much,	and
we	 were	 about	 to	 kill	 ourselves	 and	 the	 planet	 with	 overpopulation,
consumption,	 and	 pollution.	 The	 only	 hope	was	 to	 stop	 economic	 growth,	 cut
consumption,	 recycle,	 force	 people	 to	 have	 fewer	 children,	 and	 “stabilize”
society	at	a	significantly	poorer	level.26

The	 Club	 came	 up	 with	 a	 report,	 The	 Limits	 to	 Growth,	 which	 was	 so
influential	that	it	was	discussed	in	magazines	from	Time	to	Playboy,	scrutinized
by	 the	commentariat,	 and	 seized	upon	by	campaigners	 for	 radical	 change.	The
report	 had	 special	 appeal	 to	 the	media—and	 apparent	 extra	 intellectual	 heft—
because	 it	was	 based	 on	 computer	 simulations,	which	were	 then	 revolutionary
and	ultramodern.	Applying	these,	 the	scientists	predicted	with	great	confidence
that	gold	would	run	out	by	1979,	along	with	a	huge	range	of	important	resources
that	 humanity	 depends	 on—aluminum,	 copper,	 lead,	 mercury,	 molybdenum,
natural	gas,	oil,	silver,	tin,	tungsten,	and	zinc	would	run	out	before	2004.27

Spoiler	Alert:	 They	were	 spectacularly	wrong.	 Consider	 just	 the	 four	most
important	resources.	Since	1946,	technology	has	made	more	copper,	aluminum,
iron,	 and	 zinc	 available	 than	 we	 have	 consumed,	 and	 commodity	 prices	 have
generally	fallen.	Oil	was	supposed	to	run	out	in	1990,	according	to	these	thinkers
and	their	computer	simulations,	and	natural	gas	in	1992,	but	reserves	for	both	are
actually	 larger	 today	 than	 in	1970,	although	we	consume	dramatically	more	of
each.	Shale	gas	alone	has	doubled	US	potential	gas	resources	within	the	past	six
years	and	halved	the	price.	No	resource	is	infinite.	But	the	resources	that	can	be
generated	are	still	far	beyond	consumption.28

The	 Club	 of	 Rome	 got	 it	 wildly	 wrong	 because	 it	 overlooked	 the	 greatest
resource	of	all:	human	ingenuity	at	adapting.	We	don’t	just	use	up	the	iron	or	gas
that	 is	 there	and	 then	give	up.	We	get	better	at	 finding	more,	at	 lower	cost,	 in
effect	allowing	humanity	access	to	ever	more	and	ever	cheaper	resources.

THE	 STORY	 OF	 the	 Club	 of	 Rome	 is	 important	 because	 lots	 of	 people	 are
making	 exactly	 the	 same	mistake	 now	when	 they	 study	 and	 report	 on	 climate
change:	they	are	leaving	out	our	remarkable	ability	for	adaptation.	Much	of	the
alarmism	 surrounding	 the	 topic	 can	 be	 explained	 by	 this	 one	 fact:	 the	 stories
assume	that	while	the	climate	will	change,	nothing	else	will.

So,	 for	 instance,	 the	Washington	Post	 recently	 reported	 that	 “sea-level	 rise
could	be	even	worse	than	we’ve	been	led	to	expect,”	swamping	an	area	similar
to	Western	Europe	and	making	187	million	people	homeless.	Not	surprisingly,
the	notion	of	187	million	flooded	people	led	many	press	stories,	with	Bloomberg



News	 warning	 that	 coastal	 cities	 around	 the	 world	 were	 poised	 to	 “drown,”
“swallowed	 by	 the	 rising	 ocean.”	 Obviously,	 187	 million	 makes	 for	 a	 large,
attention-grabbing	number.	Don’t	believe	it.	That	figure	is	absurdly	exaggerated
—and	it	isn’t	even	new.29

The	 headlines	 come	 from	 a	 2019	 scholarly	 paper	 whose	 authors	 simply
repeated	it	from	a	paper	published	in	2011.	What	the	earlier	paper	actually	found
was	that	187	million	people	could	be	forced	to	move	in	the	unlikely	event	 that
no	one	does	anything	 in	 the	next	eighty	years	 to	adapt	 to	dramatic	 rises	 in	sea
level.	 In	 real	 life,	 the	 2011	 paper	 explained,	 humans	 “adapt	 proactively,”	 and
“such	 adaptation	 can	greatly	 reduce	 the	possible	 impacts.”	When	adaptation	 is
taken	into	account,	the	authors	showed,	“the	problem	of	environmental	refugees
almost	 disappears.”	Furthermore,	 “the	main	 consequence	of	 a	 large	 rise	 in	 sea
level	 is	 a	 larger	 investment	 in	 protection	 infrastructure”	 and	 “it	 is	 incorrect	 to
automatically	 assume	 a	 global-scale	 population	 displacement	 owing	 to	 a	 large
rise	in	sea	level.”	Under	realistic	assumptions,	the	number	of	people	displaced	in
an	extreme	scenario	of	high	sea	level	rise	falls	from	187	million	to	305,000.	The
worst-case	 flooding	 will	 displace	 less	 than	 1/600th	 of	 the	 figure	 in	 the
headlines.30

Journalists	 and	others	make	 this	 same	mistake	over	and	over,	with	massive
consequences	for	the	public’s	understanding	of	climate	change.	In	his	influential
book	 The	 Uninhabitable	 Earth,	 journalist	 David	 Wallace-Wells	 states	 that
coastal	flooding	caused	by	sea	level	rise	will	result	 in	somewhere	between	$14
trillion	and	more	than	$100	trillion	of	damages	every	year	by	2100.	This	idea	has
been	 repeated	by	 countless	 climate	 activists.	But	 it	 turns	out	 that	 these	 figures
exaggerate	the	problem	by	up	to	two	thousand	times.31

Where	 do	 the	 numbers	 come	 from?	Wallace-Wells	 uses	 two	 key	 papers	 to
support	 them.	 What	 these	 papers	 basically	 do	 is	 predict	 that	 sea	 levels	 will
increase	because	of	climate	change	over	the	twenty-first	century,	and	count	how
many	 people	 and	 how	 much	 wealth	 in	 those	 areas	 will	 be	 flooded,	 without
additional	 flood	 protection.	 Do	 you	 notice	 what’s	 wrong	 with	 that	 sentence?
Yup,	it’s	the	final	four	words.	The	headline-grabbing	costs	come	from	modeling
the	effects	of	flooding	without	additional	flood	protection.

And	 “headline-grabbing”	 isn’t	 an	 exaggeration.	We	will	 come	 back	 to	 the
extraordinarily	 high	 claim	 of	 $100+	 trillion,	 but	 first	 let’s	 scrutinize	 the	 2018
research	paper	that	came	up	with	the	$14	trillion	cost.	This	was	helpfully	shared
with	 the	world’s	 journalists	 via	 a	 press	 release.	 The	 figure	 found	 its	way	 into
Newsweek,	Axios,	Science	Daily,	New	Scientist,	and	India	Today.	What	no	news



stories	 mentioned,	 and	 indeed,	 what	 the	 research	 paper	 itself	 barely
acknowledged,	 was	 that	 even	 an	 extremely	 stingy	 amount	 of	 spending	 on
adaptation	would	reduce	costs	by	88	percent,	and	that	if	we	applied	real-world,
realistic	 expectations	 of	 adaptation	 spending,	 the	 reduction	 would	 be	 far
greater.32

For	climate	change	to	cause	$14	trillion	of	damage,	we	must	assume	that	not
a	 single	country	will	 ever	 increase	 the	heights	of	any	of	 its	dikes	beyond	 their
present	levels.	They	will	steadfastly	keep	their	protective	walls	too	low,	even	as
sea	levels	rise	over	the	century,	and	even	as	these	countries	become	much	richer
(as	they	will)	and	able	to	afford	much	more	protection.

The	 authors	 of	 the	 original	 paper	 acknowledged	 the	 lack	 of	 logic	 of	 this
assumption,	albeit	in	fine	print:	“While	the	present	analysis	has	focused	upon	the
potential	 costs	 of	 flooding	 in	 the	 absence	 of	 additional	 adaptation	 from	 the
existing	baseline,	 it	 is	 clear	 that	all	 coastal	 nations	 have,	 and	will	 continue	 to
adapt	[italics	added]	by	varying	degrees	to	sea	level	rise.”	They	even	point	out
that	 “standards	 of	 protection	 are	 likely	 to	 improve	 particularly	with	 economic
growth,”	making	the	huge	cost	of	funding	even	less	defensible.	Of	course,	 that
caveat	didn’t	find	its	way	into	the	press	release.33

SOME	COUNTRIES	HAVE	adapted	more	successfully	to	climate	change	than
others.	 Today,	 coastal	 cities	 in	 the	 United	 States	 have	 much	 higher	 expected
damage	 costs	 than	 European	 coastal	 cities,	 because	 they	 have	 much	 lower
protection	standards.	Likewise,	rapidly	growing	regions	in	developing	countries
will	 likely	have	a	growing	adaptation	deficit,	 because	coastal	development	 too
often	takes	priority	over	investments	in	adaptation.34

But	 there’s	 every	 reason	 to	 believe	 that	 globally,	 adaptation	 will	 increase
with	 sea	 level	 rise.	 Studies	 show	 that	 as	 societies	 see	 greater	 threats,	 they
increase	the	height	and	number	of	protective	dikes	to	reduce	these	threats.	And
the	evidence	also	clearly	 shows	 that	 adaptation	 increases	with	higher	 incomes.
This	 makes	 sense:	 at	 the	 same	 level	 of	 threat,	 richer	 countries	 can	 afford	 to
demand	higher	dikes	and	more	protection	than	poorer	countries.35

Let’s	look	at	the	second	study	that	Wallace-Wells	relied	on	to	reach	the	upper
end	of	his	estimate,	 the	astonishing	figure	of	$100	 trillion	or	more.	The	highly
quoted	 study	 examines	 the	 impact	 of	 rising	 sea	 levels,	with	 human	 adaptation
and	 without.	 As	 you	 can	 see	 in	 figure	 1.2,	 around	 the	 year	 2000	 about	 3.4
million	people	were	flooded	each	year,	the	total	flood	costs	were	$11	billion	per
year,	and	“protection	costs”	from	dikes,	levees,	and	so	on,	ran	to	$13	billion	per



year.	The	study	 looks	at	outcomes	based	on	multiple	variables:	different	 levels
of	 sea	 level	 rise,	 population	 growth,	 and	 economic	 growth.	 The	 conclusion	 is
similar	across	all	variations,	but	let’s	focus	here	on	what	would	happen	with	the
highest	sea	level	rises,	of	almost	three	feet	by	the	end	of	the	century,	in	a	world
with	a	rich	economy	that	has	much	to	lose.36

If	 we	 don’t	 adapt,	 catastrophe	 ensues.	 One	 hundred	 eighty-seven	 million
people	will	be	flooded	each	year,	and	the	flood	cost	will	be	a	phenomenal	$55
trillion	annually	(all	in	inflation-adjusted	dollars).	Since	we’re	not	spending	any
more	 on	 adaptation,	 dike	 costs	 go	 up	 only	 slightly	 to	 $24	 billion.	 In	 total,
flooding	 costs	 will	 make	 up	 5.3	 percent	 of	 global	 GDP	 by	 2100,	 if	 we	 don’t
adapt.	 In	 the	 study’s	 most	 extreme	 scenario	 (not	 shown	 in	 figure	 1.2),	 350
million	people	could	get	flooded	every	year	by	2100,	with	costs	reaching	beyond
$100	trillion,	or	11	percent	of	global	GDP.	This	is	where	Wallace-Wells	got	his
high-end,	terrifyingly	large	figure:	the	worst-case	outcome	of	the	worst-case,	no-
adaptation	scenario.

But,	of	course,	we	will	adapt.	As	the	authors	of	the	paper	put	it:	“Damages	of
this	magnitude	are	very	unlikely	to	be	tolerated	by	society	and	adaptation	will	be
widespread.”	 With	 realistic	 projections	 of	 adaptation,	 the	 number	 of	 people
flooded	will	drop	dramatically,	to	about	fifteen	thousand	per	year	by	the	end	of
the	century.	Yes,	dike	costs	will	increase	to	$48	billion,	and	flood	damage	costs
will	also	increase	to	$38	billion.	But	the	total	cost	to	the	economy	will	actually
decline,	 from	 0.05	 percent	 of	 GDP	 to	 0.008	 percent.	 And	 a	 99.6	 percent
reduction	in	flood	victims	will	be	an	undeniable	victory.38

FIGURE	1.2	Number	of	people	flooded	over	the	century	with	high	sea
level	rise,	either	ignoring	or	including	adaptation.	Cost	in	percent	of	GDP

includes	both	flood	and	dike	costs.37



Far	more	than	just	making	it	into	Wallace-Wells’s	influential	book,	this	study
was	 quoted	 by	 many	 media	 outlets,	 without	 any	 mention	 of	 adaptation.	 The
narrative	 that	 has	 repeatedly	 and	 consistently	 been	 told	 was	 that	 187	 million
people	would	be	flooded,	and	trillions	of	dollars	in	damages	would	be	caused.

Humans	 have	 been	 adapting	 to	 nature	 for	millennia,	 and	with	more	wealth
and	technology	we	will	be	even	better	at	it	in	the	future.	Cutting	carbon	dioxide
is	not	the	only	way	for	mankind	to	respond	to	climate	change—adaptation	is	also
crucial.	 For	many	 centuries,	much	 poorer	 societies	 have	 adapted	 as	 sea	 levels
have	 risen.	 And	 today	 we	 have	 more	 know-how	 and	 technology	 than	 ever
before:	 We	 can	 build	 dikes,	 surge	 barriers,	 and	 dams;	 expand	 beaches	 and
construct	dunes;	make	ecosystem-based	barriers	like	mangrove	buffers;	improve
building	 codes	 and	 construction	 techniques;	 and	 use	 land	 planning	 and	 hazard
mapping	 to	 minimize	 flooding.	 As	 a	 result,	 deaths	 from	 storm	 surges	 have
actually	been	declining	even	as	sea	levels	have	risen.39

If	 the	 fact	 of	 ongoing	human	 adaptation	 to	 the	 environment	 is	 ignored,	 the
inevitable	 result	 is	 a	 terrifying	 story	 that	 draws	 attention.	 But	 this	 portrait	 is
highly	deceiving.	The	reality	is	that	while	the	amount	of	carbon	dioxide	emitted
has	a	 comparatively	 small	 impact	on	 the	number	of	people	 flooded,	 even	with
the	 largest	 carbon	emissions	 and	 the	highest	 sea	 level	 rise,	 there	will	 be	many
fewer	people	flooded	because	of	adaptation,	especially	in	a	world	that	 is	richer
(and	the	whole	world	 is	getting	richer	and	therefore	 increasingly	able	 to	afford
it).	 Even	with	 rising	 seas,	 the	most	 likely	 scenario	 is	 that	 in	 the	 future,	 fewer
people	will	die	from	climate-related	flooding,	not	more.

WE	 WITNESS	 THE	 SAME	 sloppy	 logic	 on	 the	 issue	 of	 heat	 waves.	 Let’s
examine	a	 June	2019	headline	 in	New	York	magazine:	“Meeting	Paris	Climate
Goals	Would	Save	Thousands	of	American	Lives	during	Heat	Waves:	Study.”
The	news	 story	quoted	a	2019	 study	 saying	 that	 future	heat	waves	 so	 extreme
they	occur	only	every	thirty	years	will,	by	the	end	of	the	century,	claim	a	huge
number	of	lives	across	fifteen	US	cities.40

But	here’s	a	very	curious	thing:	that	study	assumes	that	nobody	in	those	cities
will	 manage	 to	 do	 anything	 sensible,	 like	 purchasing	 an	 air	 conditioner.	 For
eighty	years.	So,	for	instance,	the	authors	project	significantly	higher	death	rates
over	 the	 course	 of	 the	 century	 in	 cities	 like	 Seattle,	where	 only	 34	 percent	 of
residents	have	air	conditioners.	That	some	or	all	of	the	remaining	66	percent	of
the	 population	 might	 buy	 an	 air	 conditioner	 at	 some	 point	 falls	 beyond	 the



imaginative	 range	of	 the	authors.	The	 reality	 is	 that	by	 the	end	of	 the	century,
most	 people	 in	 cities	 like	 Seattle	 will	 have	 bought	 air	 conditioners	 and	 built
houses	better	able	to	deal	with	heat.	(Indeed,	with	technological	developments	it
would	be	logical	to	assume	the	air	conditioning	will	be	even	better	than	today’s.)
The	 city	 will	 also	 likely	 have	 invested	 in	 social	 innovations	 such	 as	 “cooling
centers”	 available	 for	poorer	people	during	heat	waves—ideas	 that	 are	 already
being	used	in	places	like	Atlanta.41

Adaptations	 like	 improved	 standards	 and	 expansion	 of	 air	 conditioning
already	allowed	New	York	to	reduce	heat-related	deaths	by	two-thirds	between
the	1960s	and	1990s.	France	 introduced	 reforms	 in	2003	 that	 included	making
air	 conditioning	mandatory	 for	 elderly	 care	 homes.	As	 a	 result,	 by	 2018	 heat-
related	 hospitalizations	 in	 France	 were	 lower	 than	 they	 had	 been	 in	 earlier,
cooler	 years.	And	Spain	 cut	 heat-related	 deaths	 between	 1980	 and	 2015,	 even
while	average	summer	temperatures	rose	almost	2°F	(1°C).42

So	what	happens	if	we	account	for	the	fact	that	people	will,	in	fact,	respond
as	 people	 always	 have?	 Well,	 it	 turns	 out	 that	 even	 with	 much	 higher
temperatures,	toward	the	end	of	the	century	total	deaths	caused	by	extreme	heat
could	actually	 fall	 by	 seventeen	 thousand	across	 the	United	States.	A	headline
rewritten	 for	 accuracy	 would	 read:	 “Thousands	 Fewer	 Americans	 Will	 Die
Because	 of	 Air	 Conditioning;	 Paris	 Treaty	 Not	 Relevant	 to	 Story.”	 Once	 the
human	propensity	 for	adaptation	 is	 taken	 into	account,	 the	numbers	on	climate
change	start	looking	a	lot	less	scary.	And	adaptation	should	always	be	factored
into	any	climate	change	study,	because	humans	are	always	adapting.43

ONE	 REASON	WHY	 people	 are	 afraid	 of	 climate	 change	 is	 that	 when	 you
watch	 the	 news	 or	 read	 the	 paper,	 the	 weather,	 increasingly,	 is	 portrayed	 as
frightening.	 Surely	 climate	 change	 is	 costing	 us	more	money	 and	 lives?	What
about	 the	 hurricanes	 ravaging	 coastlines	 from	 Florida	 and	 Puerto	 Rico	 to
Samoa?	What	about	the	massive	floods	and	terrifying	droughts	across	the	world?
These	disasters	seem	to	be	getting	worse	and	worse	every	year—right?

Wrong.	The	reality	is	that	these	weather	events	both	in	number	and	severity
have	stayed	the	same	or	even	declined	over	the	past	century,	as	we	will	discuss
in	 chapter	 3.	 However,	 the	 cost	 of	 these	 events	 is	 getting	 much	 higher,	 for
reasons	that	have	little	to	do	with	climate.

A	hurricane	or	flood	hitting	a	sparsely	populated	Florida	in	1900	would	have
done	 relatively	 little	damage.	Since	 then,	 the	 coastal	 population	of	Florida	has
increased	sixty-seven-fold.	Thus,	a	similar-strength	hurricane	or	 flood	hitting	a



densely	 populated,	 wealthy	 Florida	 in	 2020	 leads	 to	 much	 higher	 costs.	 The
higher	cost	is	not	because	hurricanes	changed,	but	because	society	changed.45

FIGURE	1.3	Illustration	of	the	expanding	bull’s-eye	effect.	As	a	city
keeps	growing	over	time,	adding	more	and	more	expensive	housing,	an
identical	flood	will	have	a	bigger	impact.	Thus,	the	cost	of	the	flooding	in
2040	will	be	much,	much	higher	than	in	1950,	even	though	the	actual

flood	event	is	the	same.44

This	 is	a	well-known	phenomenon	called	 the	“expanding	bull’s-eye	effect”:
similar	 climate	 impacts	 will	 result	 in	 much	 more	 costly	 disasters	 because	 an
increasing	number	of	people	with	more	and	more	valuable	assets	are	at	risk.	The
expanding	bull’s-eye	effect	can	be	thought	of	as	an	archery	target,	with	the	rings
(showing	population	density)	telling	us	how	many	people	and	possessions	are	at
risk	of	being	hit	by	an	imaginary	arrow,	or	natural	disaster	(see	figure	1.3).	The
rings	enlarge	over	time.	This	means	it	becomes	ever	more	likely	for	an	arrow	to
hit	the	target—the	risk	of	a	huge	disaster	increases.46

Let’s	look	at	a	real-life	example	of	this:	flooding.	One	2017	study	looked	at
Atlanta	from	1990	to	2010	and	found	that	the	number	of	exposed	housing	units
on	its	floodplain	increased	by	about	58	percent	in	just	twenty	years.	This	means
that	with	the	same	amount	of	flooding	and	all	other	things	being	equal,	Atlanta
in	2010	on	average	would	have	seen	58	percent	more	housing	units	flooded	than
in	1990.	Houses	in	2010	were	also	bigger	and	more	valuable	than	in	1990,	so	the
financial	losses	would	be	even	higher.47

Similarly,	 a	 hurricane	 charging	 through	 downtown	 Miami	 in	 1940	 would
have	 wrecked	 twenty-four	 thousand	 homes.	 The	 same	 hurricane	 hitting	 today
would	 destroy	 about	 a	 million	 much	 more	 expensive	 homes.	 In	 2100,	 it	 is
estimated	 that	 a	 similar	 hurricane	 could	 ruin	 3.2	million	 even	more	 expensive
houses.

The	expanding	bull’s-eye	effect	means	we’re	likely	to	see	much	more	costly
disasters	happen	over	time,	even	if	 the	climate	doesn’t	change	at	all.	This	does



not	mean	that	global	warming	has	no	distinct	impact.	But	it	does	mean	that	when
the	media	trumpets	that	the	latest	hurricane,	tornado,	or	flood	is	the	costliest	yet,
they	 tend	 to	 imply	 that	 the	 rising	 damage	 is	 due	 to	 climate	 change.	 In	 reality,
much	 (and	 often	 all)	we’re	 seeing	 is	 that	more	 people	with	more	 stuff	 live	 in
harm’s	way.

IT	 IS	NO	WONDER	 that	people	 are	 scared	 about	global	warming,	given	how
the	 media	 covers	 it,	 how	 campaigners	 pound	 it,	 and	 how	 politicians	 get	 to
grandstand	and	promise	our	salvation.	Yes,	global	warming	is	real,	and	it	needs
our	serious	attention.	But	the	endless	jeremiads	have	warped	our	understanding
of	the	issues.	We	need	a	better	sense	of	what	global	warming	will	actually	mean.
Right	now,	we’re	getting	lots	of	irresponsible	journalism	that’s	scaring	us	rather
than	informing	us.	We	need	to	end	the	sensationalism	and	get	a	grip	on	the	real
size	of	 the	problem	by	 including	 information	on	 adaptation	 and	 the	 expanding
bull’s-eye	effect.

As	 I	will	 argue	 later	 in	 this	 book,	we	 also	 need	 to	 stop	 believing	 that	 any
story	with	climate	 in	 it	 is	best	solved	through	climate	policies.	As	we	will	see,
when	we	are	 told	about	 the	hundreds	of	millions	of	people	 flooded	because	of
global	 warming,	 the	 argument	 easily	 becomes	 “we	 need	 to	 save	 them	 with
carbon	cuts.”	But	we	will	 find	out	how	little	 that	would	help.	We	will	see	 that
even	 if	we	went	 all-in	 and	 spent	 hundreds	 of	 trillions	 on	 climate	 policies,	 sea
levels	would	still	rise,	only	slightly	less	 than	if	we	did	nothing.	Millions	would
still	get	flooded.	If	we	instead	went	all-in	on	adaptation,	we	could	for	less	than	a
hundredth	of	the	cost	save	almost	everyone.	The	same	with	heat	deaths;	focusing
on	 climate	 policies	 costs	 vastly	 more	 yet	 helps	 much,	 much	 less	 than	 air
conditioning.

Only	when	 the	screaming	stops	will	we	 finally	be	able	 to	 identify	 the	most
effective	 ways	 to	 both	 address	 global	 warming	 and	 actually	 help	 people	 with
their	real-world	problems.



2

MEASURING	THE	FUTURE

WHEN	WE	THINK	about	climate	change	and	its	impact	on	our	future,	we	need
a	 clear	 and	 understandable	measurement	 system.	There	 are	 two	 key	 variables:
temperature	and	prosperity,	commonly	measured	with	“gross	domestic	product”
or	GDP.	Both	are	imperfect	tools,	but	they’re	the	best	we	have.

The	concept	of	climate	change	includes	not	just	temperature	rises	but	all	sorts
of	 other	 changes,	 from	 droughts	 and	 floods	 to	 storms	 and	 reductions	 in	 crop
performance,	 from	 heat-related	 deaths	 to	 rising	 sea	 levels.	 But	 the	 summary
measure	for	all	these	impacts	and	for	climate	science	in	general	is	the	change	in
global	temperature.	This	doesn’t	mean	that	it	is	the	only	important	yardstick,	but
it	is	used	as	the	single	most	important	indicator	for	all	of	the	potential	impacts	of
climate	change.

Similarly,	 when	 we	 talk	 about	 human	welfare,	 what	 we	mean	 can	 run	 the
gamut	from	the	level	of	starvation	and	deaths	in	society,	to	access	to	education
and	 economic	 opportunities,	 to	 the	 level	 of	 happiness	 and	 general	 life
satisfaction.	GDP	does	not	 perfectly	 encapsulate	 every	one	of	 these	 aspects	 of
human	welfare,	but	it	turns	out	to	be	the	single	measure	that	more	strongly	than
anything	else	relates	to	most	of	these	impacts.

Global	temperature	and	GDP	are	both	rising,	and	each	affects	the	other.	Our
efforts	 to	 rein	 in	 temperatures	 will	 cost	 resources	 and	 lead	 to	 slower	 GDP
growth.	Rising	GDP	typically	means	more	greenhouse	gas	emissions,	which	will
speed	up	rises	in	temperature.	In	order	to	understand	what	the	future	holds,	we
need	to	get	a	grasp	on	exactly	what	these	two	variables	mean,	how	they	interact,
and	how	much	control	we	have	over	each.

WE	HAVE	KNOWN	for	more	 than	a	century	 that	more	carbon	dioxide	 in	 the



atmosphere	will	lead	to	higher	temperatures.	The	carbon	dioxide	typically	comes
from	burning	coal,	oil,	and	gas,	and	as	the	world	has	dramatically	increased	its
energy	 use	 from	 these	 fossil	 fuels,	 carbon	 dioxide	 emissions	 have	 kept
increasing,	almost	tripling	in	the	last	half	century.1

Carbon	dioxide	gas	leads	to	global	warming	because	it	lets	in	the	sun’s	heat
but	 blocks	 some	 of	 the	 earth’s	 heat	 from	 escaping	 and	 therefore,	 a	 bit	 like	 a
greenhouse,	warms	us	up.	What	matters	 for	 the	earth’s	 temperature	 is	 the	 total
amount	of	carbon	dioxide	 in	 the	atmosphere.	Each	year’s	emissions	add	 to	 the
total	amount,	although	the	world’s	oceans	and	forests	suck	out	the	equivalent	of
about	 half	 of	 these	 new	 emissions.	 So,	 the	 amount	 of	 carbon	 dioxide	 in	 the
atmosphere	 keeps	 going	 up:	 since	 1750,	 the	 total	 amount	 has	 increased	 by	 40
percent.2

The	 fact	 that	 the	 climate	 impact	 of	 carbon	dioxide	depends	on	 all	 previous
emissions	emphasizes	the	size	of	the	problem.	Even	if	we	reduce	our	emissions
quite	a	lot	next	year,	the	total	amount	of	carbon	dioxide	in	the	air	will	still	go	up,
just	not	by	as	much	as	it	would	have.	We	have	to	cut	a	lot	and	over	a	long	period
to	 really	 make	 an	 impact.	 Think	 of	 the	 atmosphere	 as	 a	 bathtub,	 and	 carbon
dioxide	as	water.	We	keep	pouring	new	carbon	dioxide	into	the	bathtub,	and	the
plug	 hole	 (oceans	 and	 forests)	 allows	 for	 about	 half	 of	 the	 addition	 to	 drain
away.	 The	 total	 amount	 of	 carbon	 dioxide	 keeps	 increasing.	 Even	 if	 we	 start
filling	the	bathtub	more	slowly,	the	total	still	increases,	just	not	as	fast.	We	have
to	almost	stop	pouring	into	the	tub	for	the	total	amount	of	carbon	dioxide	to	start
decreasing.	Even	 then,	 it	will	only	start	draining	very	slowly—the	plug	hole	 is
only	so	big.

HOW	MUCH,	AND	how	quickly,	will	rising	carbon	dioxide	levels	affect	global
temperature?

Because	global	warming	depends	on	a	lot	of	factors,	scientists	use	computer
models	 to	 make	 projections	 far	 into	 the	 future.	 Serious	 climate	 models	 are
massive,	complex	computer	programs	containing	thousands	of	pages	of	lines	of
code.	 These	 vast	 supercomputer	 models	 represent	 the	 world	 as	 little	 cubes	 of
atmosphere,	land,	and	ocean,	and	simulate	hundreds	of	thousands	of	interactions
across	hundreds	of	years,	 including	rain,	drought,	 storms,	and	 temperatures	 for
each	 location	 while	 carbon	 dioxide	 keeps	 increasing.	 These	 models	 are
expensive	to	construct	and	can	take	weeks	or	months	to	run.

But	there	are	also	much	smaller,	faster	global	warming	models	that	simplify
the	 inputs	 solely	 to	 carbon	 dioxide	 and	 a	 few	 other	 emissions,	 and	model	 the



total	change	to	the	global	temperature.	One	of	these	models	is	called	MAGICC.
It	was	developed	partly	with	funding	from	the	US	government’s	Environmental
Protection	Agency,	and	has	been	used	by	the	UN’s	panel	of	climate	scientists	for
all	of	 their	 reports.	We	can	use	 the	MAGICC	model	ourselves	 to	calculate	 the
expected	temperature	rise	over	this	century.	For	emissions—our	input—we	will
use	data	from	researchers	working	for	the	UN,	who	identified	scenarios	for	the
future,	ranging	from	a	future	in	which	we	remain	very	dependent	on	fossil	fuels
to	one	in	which	there	is	a	strong	focus	on	carbon	emission	reduction.	Of	these,
we	will	use	their	“middle	of	the	road”	scenario,	which	fundamentally	sees	things
continuing	 as	 they	 have	 in	 the	 past.	 Without	 drastic	 climate	 policies,	 the
expectation	is	that	annual	emissions	will	go	up	and	up	over	the	century.	This	is
mostly	 because	 the	 developing	 world	 is	 getting	 richer,	 and	 is	 expected	 to
continue	doing	so.3

On	the	 left-hand	side	of	 figure	2.1,	you	can	see	 the	expected	 rise	 in	annual
emissions	over	the	course	of	the	twenty-first	century,	more	than	doubling	from
today.	Plug	 this	data	 into	 the	MAGICC	model,	and	 it	will	calculate	how	much
temperature	will	increase	as	a	result.	That	is	what	we	see	on	the	right:	the	global
average	 temperature	 will	 increase	 to	 7.4°F	 higher	 than	 it	 was	 in	 preindustrial
times	 (the	 change	 in	 temperature	 would	 be	 zero	 in	 1750	 if	 the	 graph	 were
extended	leftward	to	that	year).	This	model	helps	us	understand	what	we	can	and
cannot	do	when	it	comes	to	global	warming.	Let’s	work	out,	for	example,	what
would	 happen	 if	 the	 entire	 rich	 world	 stopped	 all	 its	 fossil	 fuel	 use	 in	 2020,
which	would	mean	grinding	its	economy	to	an	almost	complete	halt	and	leaving
it	so	for	the	rest	of	the	century.4

You	can	see	the	impact	as	the	gray	line	in	the	left-hand	graph	in	figure	2.2.
Emissions	drop	dramatically	in	2020,	as	the	rich	world	stops	emitting	one-third
of	 all	 carbon	 dioxide.	 But	 because	most	 emissions	 are	 from	 poorer	 countries,
emissions	 keep	 going	 up,	 just	 at	 a	 lower	 level.	 In	 total,	 we	 would	 reduce	 by
about	a	quarter	all	carbon	dioxide	emitted	over	 the	rest	of	 this	century.	On	 the
right	side	of	the	graph,	you	can	see	the	effect	on	temperature	over	the	course	of
the	century.	The	 temperature	still	 rises	by	 just	slightly	 less	 than	 it	would	have.
All	 that	 matters	 for	 temperature	 is	 the	 amount	 of	 carbon	 dioxide	 in	 the
atmosphere—the	contents	of	the	bathtub.



FIGURE	2.1	Emissions	and	temperature	rises.	The	left	shows	the	UN’s
middle-of-the-road	CO2	emissions	over	this	century.	Put	these	emissions
into	the	MAGICC	climate	model,	and	it	outputs	the	temperature	increase

across	the	century,	shown	on	the	right.5

Even	 if	 rich	 countries	 completely	 curtail	 all	 emissions	 (an	 impossible
scenario),	overall	carbon	dioxide	content	continues	to	rise,	and	the	temperature
continues	to	rise	with	it.	So,	the	temperature	increase	is	smaller,	but	only	a	tiny
bit	smaller.	Even	after	eight	decades,	 the	difference	is	 just	below	0.8°F.1	Since
the	United	States	emits	 just	over	40	percent	of	 rich	country	carbon	dioxide,	 in
this	 scenario	 the	 effect	 of	 just	 the	 US	 going	 to	 zero	 fossil	 fuels	 from	 today
onward	would	be	a	reduction	in	temperatures	of	about	0.33°F	in	2100.



FIGURE	2.2	Emissions	and	temperature	rises	with	the	rich	world
stopping	emissions.	On	the	left,	as	in	figure	2.1,	are	the	UN’s	middle-of-
the-road	CO2	emissions	over	this	century.	The	gray	line	shows	emissions
if	the	entire	rich	world	ended	all	carbon	dioxide	emissions	in	2020,	and
kept	them	at	zero	for	the	next	eighty	years.	When	this	data	is	put	through
the	MAGICC	climate	model,	two	different	temperature	outcomes	are
shown	on	the	right.	In	a	world	where	the	rich	countries	stop	emitting
carbon	dioxide,	the	temperature	ends	up	at	6.7°F	above	what	it	was	in
1750,	or	almost	0.8°F	lower	than	it	otherwise	would	be	by	the	end	of	the

century.6

ON	THE	ECONOMIC	SIDE,	let’s	start	by	explaining	what	GDP	is:	simply	put,
it	 is	 an	 economy’s	 entire	 market	 value	 of	 goods	 and	 services,	 and	 GDP	 per
person	 divides	 that	 figure	 by	 the	 number	 of	 people	 in	 society.	 The	 measure
obviously	 originates	 in	 economics	 and	 is	 constantly	 referred	 to	 in	 newspapers
and	by	politicians.	Yet,	some	people	think	using	this	measurement	as	a	yardstick
for	well-being	is	problematic.	They	say	GDP	doesn’t	count	intangible	things	like
our	 health	 and	 education,	 or	 the	 joy	 of	 a	 child’s	 play.	 Measuring	 welfare	 in
monetary	terms,	they	say,	is	shortsighted.7

GDP	 doesn’t	 directly	 measure	 the	 health	 of	 citizens,	 but	 it	 does	 include
health	spending	on	safer	births	and	immunization.	It	doesn’t	include	the	quality
of	education,	but	it	does	measure	the	higher	salaries	paid	for	better	teachers,	or
money	 spent	 on	 computers	 and	 textbooks.	Higher	GDP	per	 person	means	 that



the	state	and	people	in	society	have	more	resources	to	tackle	problems.
On	 the	most	 basic	 level,	 a	 nation	with	 higher	GDP	 per	 person	 is	 likely	 to

have	citizens	who	live	longer;	people	and	the	state	can	afford	better	health	care,
nutrition,	and	safety,	and	have	a	host	of	other	advantages	that	reduce	death	risks.
Higher	GDP	per	person	correlates	 to	higher	education	 rates	and	 to	 lower	child
mortality	 because	 families	 and	 communities	 can	 afford	 better	 education	 and
better	health	care	to	treat	and	prevent	disease.8

Global	growth	in	GDP	per	person	over	the	last	few	decades	explains	how	a
billion	 people	 were	 lifted	 out	 of	 poverty.	 Economic	 growth	 has	 reduced
malnutrition	 by	 about	 50	 percent	 in	 the	 last	 thirty	 years.	 And	 when	 people
become	 less	 poor,	 they	 get	 better	 access	 to	 water,	 sanitation,	 electricity,	 and
communications	technology.9

But	what	 does	GDP	 have	 to	 do	with	 the	 planet’s	 health?	As	 countries	 get
richer,	 and	 thus	 their	GDP	 increases,	 they	 emit	more	 carbon	 dioxide.	As	 they
move	away	from	agriculture	and	toward	manufacturing,	they	will	be	using	more
and	 more	 energy,	 mostly	 from	 fossil	 fuels,	 to	 power	 their	 economy,	 as	 for
instance	China	has	done.	And	as	people	get	richer,	 they	like	their	homes	better
heated	 and	 cooled,	 they	 build	 bigger	 houses,	 buy	more	 and	more	 varied	 food,
start	 to	 travel	more,	 and	 in	 general	 use	 their	 income	 to	 consume	more,	which
emits	more	carbon	dioxide.	Economic	growth	means	 that	poverty	 is	massively
reduced,	 but	 at	 the	 same	 time	 it	 drives	 environmental	 problems	 like	 global
warming.

But	 in	 other	ways,	 rising	GDP	 actually	alleviates	 environmental	 problems,
because	 poverty	 is	 often	 the	 biggest	 cause	 of	 pollution.	 One	 of	 the	 deadliest
environmental	problems	 today	 is	 indoor	air	pollution,	produced	almost	entirely
because	the	world’s	poorest	2.8	billion	people	are	forced	to	cook	and	heat	their
houses	 by	 burning	 dirty	 fuels	 like	 wood,	 dung,	 and	 cardboard.	 Breathing	 this
foul	 pollution	 is	 equivalent	 to	 smoking	 two	 packs	 of	 cigarettes	 each	 day,	 and
women	and	children	are	the	worst	affected.	When	people	emerge	from	poverty,
they	turn	to	cleaner	gas	or	electricity	as	fuel	sources.	Since	1990,	the	death	risk
from	 indoor	 air	 pollution	 has	 dropped	 by	 58	 percent,	 mostly	 because	 of	 the
increase	in	GDP	per	person	in	the	developing	world.10

The	biggest	environmental	killer,	outdoor	air	pollution,	initially	increases	as
incomes	go	up,	but	then	it	starts	declining	as	individuals	become	even	richer.	Put
simply,	 when	 immediate	 concerns	 like	 hunger	 and	 infectious	 diseases	 are
tackled,	people	start	demanding	more	environmental	regulations.11

Deforestation	 follows	 the	 same	 pattern.	We	 see	 vast	 deforestation	 in	 poor



countries	because	there	is	a	strong	need	for	more	development,	but	as	countries
get	 richer	 they	 become	 more	 likely	 to	 reforest,	 in	 part	 because	 citizens
increasingly	demand	more	biodiversity	and	nature.12

All	 of	which	 is	 to	 say	 that	we	 should	 not	 assume	 that	 rising	GDP	 denotes
only	 bad	 things	 for	 the	 planet.	 Higher	 GDP	 not	 only	means	 better	 social	 and
economic	 outcomes	 but	 also	 mostly	 better	 environmental	 outcomes.	 But	 does
money	make	you	happy?	Many	people	say	no.	Money	may	solve	the	problems
of	the	very	poorest,	according	to	common	wisdom,	but	beyond	a	certain	level	of
income,	 more	 money	 doesn’t	 produce	 more	 satisfaction.	 It	 turns	 out	 that	 the
common	wisdom	is	wrong.13

If	you	 look	across	 the	world	 (on	 the	 left-hand	side	of	 figure	2.3),	people	 in
richer	countries	are	more	satisfied	with	their	lives.	This	connection	doesn’t	taper
off	 as	 incomes	 rise	 away	 from	 absolute	 destitution:	 as	 the	 national	 average
income	 doubles	 and	 doubles	 again,	 the	 average	 person	 is	 ever	more	 satisfied.
And	this	is	true	even	inside	each	country	(on	the	right-hand	side	of	the	figure):
as	 incomes	 double,	 individual	 life	 satisfaction	 increases.	 Even	 people	 earning
more	 than	 half	 a	million	 dollars	 annually	 continue	 to	 see	 life	 satisfaction	 and
happiness	increasing	along	with	their	incomes.14

Higher	 GDP	 per	 person	 not	 only	 means	 less	 death,	 less	 poverty	 and
starvation,	 but	 also	 better	 opportunities,	 better	 access	 to	 infrastructure,	 and
higher	well-being	and	life	satisfaction.	That	makes	it	a	good	yardstick	for	human
welfare.



FIGURE	2.3	Life	satisfaction	for	different	levels	of	income.	Zero	is	the
worst	life	possible	and	10	is	the	best	life	possible.	The	left	graph	shows
average	life	satisfaction	for	each	nation.	As	people	get	richer,	the	average
satisfaction	of	the	nation	is	likely	to	be	higher.	The	right	graph	shows	the
same	relation	inside	a	nation,	for	the	world’s	twenty-five	most	populous
countries.	Looking	at	the	US	line,	people	at	the	lowest	household	income
level	(less	than	$16,000	per	year)	have	an	average	satisfaction	level	of	6.6;
the	rich	households	with	$128,000	are	on	average	much	more	satisfied	at

nearly	8.15

OVER	THE	COMING	DECADES,	GDP	 per	 capita	 is	 likely	 to	 go	 up	 almost
everywhere.	 It	will	 lift	hundreds	of	millions	of	people	out	of	poverty	and	give
billions	many	more	opportunities,	from	avoiding	starvation	to	better	education.	It
will	 also	 lead	 a	 drive	 toward	 better	 environmental	 conditions	 in	 almost	 all
countries.	 As	 incomes	 go	 up,	 voters	 will	 press	 for	 less	 air	 pollution,	 more
protected	forests,	and	cleaner	rivers.	It	will	hugely	impact	global	human	welfare.
It	will	give	almost	everyone	more	satisfied	lives.

All	 this	 is	unequivocally,	morally	good.	But,	 increased	GDP	will	also	drive
carbon	dioxide	emissions	higher,	 and	 that	will	 create	more	warming	and	more
problems.	And	 herein	 lies	 the	 central	 tension	within	 climate	 policy,	 and	 one	 I
will	return	to	again	and	again.	Tackling	global	warming	means	limiting	the	rise
in	 global	 temperature,	 or	 even	 trying	 to	 reverse	 that	 rise.	 This	 means	 cutting
carbon	dioxide	emissions	dramatically,	and	as	we	saw,	even	stopping	the	entire
rich	world’s	 emissions	 of	 carbon	 dioxide	will	 not	 be	 nearly	 enough.	And	 this
will	mean	giving	up	 the	cheapest	and	most	 reliable	energy	sources,	which	will
slow	GDP	growth	at	significant	cost	to	human	welfare.

We	have	to	find	the	right	balance	between	the	two	factors	we	have	examined
in	this	chapter.	If	we	focus	solely	on	growing	global	GDP,	we	risk	temperatures
rising	 to	 such	 an	 extent	 that	 the	 negative	 impact	 on	 our	well-being	will	more
than	offset	 the	benefits	brought	about	by	extra	growth.	Yet,	 if	we	 try	 to	cut	as
much	carbon	dioxide	as	we	can,	out	of	a	sense	of	panic,	we	could	easily	end	up
reducing	 human	 well-being	 to	 a	 degree	 that	 far	 offsets	 any	 environmental
benefits	we	achieve.

But	if	we	find	the	right	balance,	we	can	make	the	world	better	off	overall.	We
can	 reduce	 some	 of	 the	 worst	 effects	 of	 warming	 while	 generating	 sufficient
benefits	to	more	than	offset	the	reduction	in	GDP.



Footnotes

1	We’ll	use	Fahrenheit	throughout,	because	that	is	how	temperature	is	measured	in	the	United	States.	But	in
science	(and	most	of	the	rest	of	the	world)	Celsius	(or	Centigrade)	is	used.	This	only	matters	because	two
temperature	 limits	 have	 become	 focal	 points	 for	 the	 climate	 discussion.	 One	 is	 the	 target	 of	 limiting
temperature	 increases	 to	 2°C,	 which	 is	 the	 equivalent	 of	 3.6°F.	 This	 limit	 was	 confirmed	 in	 the	 Paris
Agreement	in	2015,	and	it	is	clearly	a	political	limit,	not	the	least	because	it	is	a	neat	and	tidy	2.0—but	in
Fahrenheit,	it	looks	a	bit	odd,	so	I’ll	sometimes	write	3.6°F	(2°C)	to	remind	you	that	the	Fahrenheit	figure
relates	to	the	much	discussed	Celsius	target.	The	other	limit	is	1.5	°C,	or	2.7°F,	which	has	been	pushed	by
many	as	a	more	stringent	follow-up	target	to	the	3.6°F	target.	Again	its	origin	is	political,	but	looks	better	in
Celsius.
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THE	TRUTH	ABOUT	CLIMATE
CHANGE



3

A	FULLER	STORY	ON	CLIMATE
CHANGE

THERE	 IS	 A	 “META-NARRATIVE”	 about	 climate	 change,	 an	 overarching
storyline	that	threads	through	almost	everything	we	read	and	hear:	the	headlines
of	 press	 releases	 from	 climate-concerned	 activists,	 the	 anxious	 sound	 bites	 of
politicians,	the	TV	news	bulletins	that	pulse	with	urgency,	the	movies	and	books
that	sketch	a	bleak	future.

The	 narrative	 is	 this:	 global	 warming	 makes	 things	 worse,	 and	 since	 it
touches	almost	everything,	it	makes	almost	everything	worse.	The	storyline	tells
us	that	where	there	is	more	rain,	the	result	will	be	floods	and	where	there	is	less
rain,	the	result	will	be	drought.	Global	warming	will	be	good	for	bad	things	and
bad	for	good	things.

This	is	a	cartoon	vision	of	the	world.	In	real	life,	most	things	have	both	good
and	bad	consequences.	You	get	a	new	job	with	a	higher	salary,	which	is	great,
but	then	the	stress	causes	you	to	sleep	less	and	eat	more	unhealthy	food.	Losing
your	job	feels	devastating,	but	it	might	also	lead	you	to	reevaluate	your	life	and
choose	a	career	that	you	enjoy	more.

Like	 most	 other	 things,	 global	 warming	 has	 both	 downsides	 and	 upsides.
More	rain	can	indeed	lead	to	more	flooding	in	some	places.	But	more	rain	can
also	 alleviate	 an	 existing	 drought.	 Overall,	 when	 we	 look	 at	 all	 the	 scientific
evidence,	 while	 an	 increase	 in	 rain	 often	 does	 alleviate	 droughts,	 it	 generally
doesn’t	 lead	 to	 more	 flooding,	 probably	 because	 humans	 use	 much	 of	 the
additional	water	in	agriculture	and	industry.

None	 of	 this	 means	 that	 climate	 change	 won’t	 in	 total	 have	 significant,
negative	effects.	None	of	 it	means	 that	we	shouldn’t	be	concerned.	But	a	one-
sided	representation	means	we’re	not	being	well	 informed.	We	need	 to	see	 the



bigger	picture.
According	 to	 the	 conventional	 narrative	 about	 climate	 change,	 unless	 we

make	dramatic	alterations	 today,	animals	and	people	will	die	 in	huge	numbers,
the	 planet	 will	 become	 unrecognizable,	 and	 society	 will	 disintegrate.	 While
horrifying,	 this	 story	 is	 comforting	 in	 its	 simplicity.	 It	 is	 also	 wrong,	 mostly
because	it	is	a	cartoon	setup.

In	this	chapter	I	will	examine	just	a	small	handful	of	the	stories	that	circulate
widely	 about	 climate	 change	 in	 order	 to	 show	how	 the	 failure	 to	 describe	 and
communicate	 the	 full	 picture	 makes	 us	 badly	 informed	 and	 leads	 to	 poor
policies.

ONE	OF	THE	 iconic	 images	of	 the	 coming	climate	 apocalypse	 is	 the	 starving
polar	bear	 sitting	mournfully	 atop	a	melting	 ice	 floe.	Polar	bears	 are	 adorable,
and	no	one	wants	them	to	die.	And	what	better	symbol	of	global	warming	than
endangered	polar	bears?

In	his	2006	hit	climate	change	documentary,	An	Inconvenient	Truth,	Al	Gore
showed	 a	 sad,	 animated	 polar	 bear	 floating	 away	 on	 a	 melting	 ice	 floe,
presumably	 to	 its	 death.	 A	 campaign	 by	 environmentalists	 successfully
convinced	 the	US	government	 to	declare	 the	polar	bear	“endangered”	 in	2008.
However,	on	a	global	level,	the	International	Union	for	Conservation	of	Nature,
which	decides	which	animals	and	plants	are	endangered,	was	only	willing	to	call
the	bear	“vulnerable”;	this	had	been	the	outcome	of	every	evaluation	except	one
since	1982.1

The	prediction	that	the	polar	bear	would	suffer	immensely	because	of	a	lack
of	summer	ice	was	always	somewhat	odd.	Polar	bears	survived	through	the	last
interglacial	 period	 130,000	 to	 115,000	 years	 ago,	 when	 it	 was	 significantly
warmer	 than	 it	 is	 now.	 They	 also	 survived	 the	 first	 thousands	 of	 years	 of	 the
current	 interglacial	period,	when	arctic	sea	 ice	cover	was	strongly	 reduced	and
there	were	even	long	periods	of	ice-free	summers	in	the	central	Arctic	Ocean.2

When	Polar	Bear	Specialist	Group	conservationists	began	studying	the	polar
bear	 population	 in	 the	 1960s,	 they	 clearly	 found	 that	 the	 biggest	 threat	 was
indiscriminate	hunting.	At	that	time,	it	was	thought	that	the	global	population	of
polar	bears	was	around	5,000	to	19,000.	Hunting	was	regulated,	and	by	1981	the
official	estimate	had	increased	to	almost	23,000.	Since	then	their	numbers	have
been	growing	overall.	The	group’s	latest	official	estimate	comes	from	2019,	and
is	the	biggest	yet	at	26,500	(see	figure	3.1).4



FIGURE	3.1	Estimated	number	of	polar	bears	from	the	main	international
body	collecting	polar	bear	statistics,	the	Polar	Bear	Research	Group.3

Clearly,	 this	 is	 a	 conservation	 success	 that	we	 should	 celebrate.	Yet,	 given
that	the	polar	bear	has	been	used	for	so	long	as	an	icon	of	climate	change	doom,
this	 finding	 is	 actually	 quite	 embarrassing	 for	 campaigners.	 The	 result?	 Polar
bears	have	been	quietly	dropped	from	the	climate	change	narrative.

The	Guardian,	a	British	newspaper	that	sees	its	mission	as	responding	to	the
“climate	 crisis,”	 decided	 in	 2019	 that	 it	 would	 no	 longer	 illustrate	 as	 many
climate	 stories	 with	 polar	 bears.	 (The	 newspaper	 went	 on	 to	 announce	 that	 it
would	use	more	pictures	of	people	in	distress	in	extreme	weather	events,	another
problematic	choice,	as	we	will	see	in	chapter	4.)5

Similarly,	 the	 federal	 government’s	 Arctic	 Report	 Card	 heavily	 chronicled
the	decline	of	polar	 bears	 in	 its	 2008,	 2009,	 2010,	 and	2014	 reports,	 but	 now,
with	official	estimates	showing	that	their	population	is	not	declining,	polar	bears
no	 longer	 get	 a	 mention.	 Nor	 did	 Al	 Gore’s	 follow-up	 2017	 film,	 An
Inconvenient	Sequel,	find	room	to	share	the	good	news	about	the	bear’s	survival.

The	 real	 threat	 to	 polar	 bears	 isn’t	 climate	 change,	 it’s	 people.	 Every	 year
around	 the	Arctic,	hunters	kill	 almost	nine	hundred	of	 them.	That’s	more	 than
three	polar	bears	out	of	every	one	hundred	that	exist,	every	year.	If	we	want	to
protect	them,	rather	than	dramatically	reducing	carbon	emissions	to	try	to	tweak
temperatures	over	many	decades	with	a	 clearly	uncertain	 impact	on	polar	bear
populations,	our	first	step	should	be	to	stop	shooting	them.6

In	fact,	when	it	comes	to	species	extinction,	of	both	fauna	and	flora,	human
behavior	is	a	much	larger	factor	than	climate	change.	The	World	Wildlife	Fund
Living	 Planet	 Report,	 published	 in	 2018,	 finds	 that	 exploitation	 (e.g.,
overfishing)	 and	 habitat	 loss	 (converting	 nature	 into	 farms	 and	 cities)	 are



responsible	for	about	70	to	80	percent	of	all	threats	to	species.	When	we	look	at
what	influences	species	extinction,	climate	change	is	one	of	the	smallest	factors:
5	 to	 12	 percent.	 A	 2016	 study	 published	 in	 Nature	 similarly	 suggests	 that
overexploitation,	 agriculture,	 and	 urban	 development	 are	 the	 most	 prevalent
threats	to	species,	with	climate	change	the	least	important	of	seven	factors.	This
means	that	prosaic	actions	would	be	most	helpful:	things	like	regulating	fisheries
and	ensuring	more	space	for	nature.	So,	yes,	 if	we	want	 to	save	our	plants	and
animals,	 we	 need	 to	 change	 our	 behavior.	 But	 not	 in	 the	 ways	 that	 climate
activists	will	tell	you.7

ASIDE	 FROM	A	 POLAR	BEAR,	 what’s	 a	 better	 symbol	 of	 global	 warming
than	 a	 heat	 wave?	 In	 recent	 summers,	 heat	 waves	 in	 Europe	 and	 parts	 of	 the
United	 States	 have	 become	 the	 ultimate	 evidence	 that	 our	 planet	 is	 headed
toward	an	unlivable	 future.	There	 is	nothing	good	about	heat	waves—they	are
dangerous	and	kill	people.	But	 in	fact,	cold	weather	 is	far	more	dangerous	and
kills	more	 of	 the	 population.	 This	means	 that	 as	 the	world	 gets	warmer	many
people	will	actually	benefit.

Scientists	 who	 undertook	 the	 biggest	 ever	 study	 of	 heat	 and	 cold	 deaths,
published	in	Lancet	in	2015,	examined	seventy-four	million	total	deaths	from	all
causes	in	384	locations	in	thirteen	countries.	These	included	cold	countries	like
Canada,	 temperate	 countries	 like	 Spain	 and	 South	Korea,	 and	 subtropical	 and
tropical	nations	like	Brazil,	Taiwan,	and	Thailand.	The	scientists	found	that	heat
caused	 almost	 0.5	 percent	 of	 all	 deaths,	 but	more	 than	 7	 percent	 of	 all	 deaths
were	caused	by	cold.	For	every	heat	death,	seventeen	people	die	from	the	cold.8

Deaths	 caused	 by	 the	 cold	 get	 less	 attention	 partly	 because	 they	 are	 less
sudden.	Heat	kills	when	body	temperature	gets	too	high,	and	this	alters	the	fluid
and	electrolytic	balance	in	weaker,	often	older	people.	Cold	usually	kills	because
the	body	restricts	blood	flow	to	the	skin,	increasing	blood	pressure	and	lowering
our	defenses	against	infections.

Essentially,	 heat	 kills	within	 a	 few	days,	whereas	 cold	kills	 over	weeks.	 In
just	 the	 thirteen	 countries	 examined	 in	 the	massive	Lancet	 study,	 one	 hundred
forty	thousand	people	died	from	the	heat	each	year,	and	more	than	two	million
from	the	cold.	We	hear	about	heat	waves	that	 in	a	few	days	cause	hundreds	of
deaths,	 but	we	 do	 not	 hear	 about	 the	 thousands	 of	 slower	 cold	 deaths;	 this	 is
because	there	are	no	TV	cameras	when	mostly	elderly,	weak	individuals	expire
over	weeks	or	months	in	anonymous	apartments.

Let’s	 take	 as	 one	 example	 the	 United	 Kingdom.	 Each	 year,	 the	 UK



experiences	33	cold	deaths	for	every	heat	death.	In	one	recent	winter	in	England
and	 Wales,	 the	 cold	 killed	 43,000	 people.	 In	 one	 year,	 in	 a	 single	 week	 in
January,	7,200	people	were	killed	who	wouldn’t	otherwise	have	died.	Because	of
the	cold,	the	mortuaries	were	overflowing	and	families	had	to	wait	for	months	to
bury	their	relative.	Yet,	this	didn’t	become	a	widely	known	story	because	these
cold	deaths	didn’t	fit	the	broader	climate	change	narrative.9

It	 is	 similarly	 true	 for	 India.	Recently,	CNN	capped	a	monthlong	 report	on
the	frightening	impact	of	heat	in	India	with	the	headline	“Dozens	Dead	in	One	of
India’s	Longest	Heat	Waves.”	It	was	a	powerful	story	told	by	media	and	climate
campaigners	around	the	world.	But	it	was	also	rather	curious	because	it	focused
on	 the	 smallest	 risk	 from	 temperature-related	 deaths.	 In	 fact,	 the	 scientific
literature	shows	that	while	extreme	heat	kills	25,000	people	each	year	in	India,
extreme	 cold	 kills	 twice	 as	many.	 Indeed,	 the	 biggest	 killer	 is	moderate	 cold,
which	kills	an	astounding	580,000	each	year.10

CNN	 could	 have	 written	 plenty	 of	 stories	 telling	 us	 “normal	 cold
temperatures	in	India	kill	more	than	half	a	million	people,”	but	it	never	did.

In	chapter	1,	we	saw	that	alarming	headlines	about	thousands	of	future	heat
deaths	 are	based	on	 a	 study	using	 the	 far-fetched	 assumption	 that	 nobody	will
buy	air	 conditioning	as	 temperatures	 rise.	The	 latest	US	data	on	heat	 and	cold
deaths,	which	unfortunately	covers	up	only	to	2006,	shows	that	heat	deaths	are
few	 and	 are	 in	 fact	 declining	 (because,	 in	 spite	 of	 the	 research	 assumption,
people	 do	 buy	 air	 conditioning),	 whereas	 cold	 deaths	 are	 far	 larger,	 and	 are
actually	increasing	(see	figure	3.2).12

FIGURE	3.2	Percentage	of	deaths	caused	by	cold	and	heat	in	the	United
States,	1985–2006.	Dashed	lines	show	the	best	linear	estimates.11



Why?	It	turns	out	that	reducing	death	from	heat	is	easier	than	reducing	death
from	 cold,	 in	 part	 because	 heat	 is	 a	 short-term	 phenomenon.	You	 need	 an	 air
conditioner	 just	 for	 a	 heat	 wave,	 and	 maybe	 you	 sit	 in	 the	 room	 where	 it’s
working	 for	 the	 worst	 days,	 whereas	 the	 cold	 requires	 long-term,	 structural
responses	such	as	insulating	your	home	and	workplace,	and	continuous	heating
throughout	the	winter	months.

If	we	assume	there	is	no	adaptation,	 it	 is	 true	that	rising	temperatures	mean
heat	 deaths	 will	 increase.	 But	 surely,	 we	 should	 also	 recognize	 that	 higher
temperatures	 mean	 fewer	 people	 will	 die	 from	 cold.	 And	 since	 cold	 deaths
outweigh	 heat	 deaths	 almost	 everywhere,	 it	 turns	 out	 that	 even	 without
adaptation,	moderate	temperature	increases	will	likely	mean	that	the	people	who
didn’t	die	of	cold	will	roughly	outweigh	the	additional	deaths	from	heat.13

But	crucially,	 it	 is	 implausible	 to	disregard	adaptation.	As	 temperatures	and
wealth	 increase,	people	will	correspondingly	make	changes	 to	cope.	Since	 it	 is
much	 easier	 to	 adapt	 to	 heat	 than	 to	 cold,	 it	 is	 likely	 that	 the	 big	 killer	 will
remain	 cold.	 We	 don’t	 have	 global	 analyses	 for	 adaptation	 to	 cold	 and	 heat
deaths,	 but	 for	 the	 United	 States,	 one	 2017	 study	 shows	 that	with	 adaptation,
even	a	significant	temperature	increase	will	lead	to	fewer	deaths	overall.14

There	are	two	lessons	we	need	to	take	away.	First,	hearing	only	about	deaths
caused	 by	 heat	means	we	 end	 up	 believing	 things	 are	much	worse,	 leading	 to
more	fear.	Second,	it	means	we	focus	on	the	smaller	problem	of	heat	deaths	that
in	many	places	is	relatively	easily	solved	by	simple	adaptation	measures	already
being	undertaken.	 Instead,	we	focus	 too	 little	on	 the	bigger	and	often	stubborn
problem	 of	 cold	 deaths.	 A	 2015	 analysis	 of	 heat	 and	 cold	 deaths	 in	 Madrid
showed	 that	 not	 only	 are	 cold	deaths	 outweighing	heat	 deaths	 five	 to	 one,	 but
also	heat	deaths	are	declining,	especially	in	the	older	age	groups;	however,	cold
deaths	are	 increasing	for	all	groups.	The	researchers	concluded	 that	 there	 is	an
urgent	 need	 “to	 implement	 public-health	 prevention	 and	 action	 measures
targeted	at	cold	waves.”	Even	in	hot	Madrid.15

WHAT	IS	CLIMATE	CHANGE	doing	to	nature?	Based	on	what	we	hear	every
day,	 it’s	 turning	 green	 pastures	 and	 forests	 into	 dust	 bowls.	 The	 reality	 is	 the
opposite.	Global	warming	 is	 causing	 an	 unprecedented	 greening	 of	 the	world,
which	scientists	have	been	slow	to	recognize.	But	global	greening	has	now	been
thoroughly	 corroborated	 in	 a	 number	 of	 global	 studies.	 The	 biggest	 satellite
study	 to	 date,	 published	 in	 2016,	 confirmed	 that	 over	 the	 past	 three	 decades
upward	 of	 half	 the	 world’s	 vegetated	 area	 is	 getting	 greener,	 whereas	 only	 4



percent	is	browning.16
The	 overwhelming	 cause	 of	 global	 greening	 is	 carbon	 dioxide	 fertilization.

That’s	 right:	 carbon	 dioxide,	 which	 causes	 global	 warming,	 also	 helps	 plants
grow—and	more	carbon	dioxide	makes	them	grow	more.

Reforestation	and	more	intensive	agricultural	practices	also	contribute	to	the
greening	 of	 the	 earth.	 China	 has	 seen	 its	 green	 area	 almost	 double	 in	 the	 last
seventeen	 years,	 partly	 because	 of	 a	 massive	 reforestation	 program,	 partly
because	of	carbon	dioxide,	and	partly	because	it	grows	multiple	crops,	keeping
land	green	for	more	of	the	year.17

Researchers	 find	 that	 global	 greening	 over	 the	 past	 thirty-five	 years	 has
increased	 leaves	 on	 plants	 and	 trees	 equivalent	 in	 area	 to	 two	 times	 the
continental	 United	 States.	 It	 is	 equivalent	 to	 greening	 the	 entire	 continent	 of
Australia	with	plants	or	trees,	two	times	over.	It	is	quite	remarkable	that	over	a
few	decades	we	got	the	equivalent	of	two	entire	new	continents	of	green	because
of	carbon	dioxide—and	virtually	nobody	has	heard	about	it.19

FIGURE	3.3	Weight	of	vegetation	in	the	world	from	1850	to	2100.	The
black	line	is	an	estimate	of	the	actual	weight	of	vegetation,	while	the

dashed	line	shows	what	will	likely	happen	if	we	emit	a	lot	more	CO2	over
the	century.	Estimate	for	the	weight	of	vegetation	in	1500	for	reference.18

As	we	emit	more	carbon	dioxide	over	the	century,	the	world	will	keep	getting
greener,	although	there	is	still	a	significant	debate	over	how	much	greener.	If	we
measure	 the	 weight	 of	 all	 the	 vegetation	 in	 the	 world,	 one	 standard	 estimate



shows	 that	 at	 the	 turn	 of	 the	 last	 century	 we	 had	 about	 530	 billion	 tons	 on
average	over	a	year	(see	figure	3.3).	The	mass	of	greenery	declined	slightly	over
the	 next	 seventy	 years,	 as	 people	 cut	 down	more	 forest	 and	 partly	 replaced	 it
with	farmland	containing	less	green	mass.20

But	 something	 amazing	 started	 happening	 in	 the	 1970s:	mostly	 because	 of
global	 warming,	 we	 started	 getting	 more	 green	 vegetation.	 And	 this	 will
continue	over	the	century	as	we	continue	to	emit	more	fertilizing	carbon	dioxide.
Indeed,	if	we	follow	a	standard	worst-case	scenario	for	carbon	dioxide	emissions
to	 the	end	of	 the	century,	we	could	end	up	with	almost	50	percent	more	green
mass	in	the	world	by	2100.	By	one	estimate,	we	would	be	above	the	amount	of
green	 the	 world	 had	 in	 1500,	 before	 we	 started	 the	 widespread	 reduction	 in
global	vegetation.21

None	of	this	is	 to	suggest	that	all	 is	well	with	global	warming—far	from	it.
First,	it	is	possible	that	not	all	the	vegetation	is	the	type	we	like	or	need,	although
it	seems	reasonable	to	say	that	in	general,	we	would	prefer	a	greener	world	to	a
browner	 one.	 It	 also	 doesn’t	 diminish	 the	 fact	 that	 many	 other	 challenges	 of
global	warming	remain,	including	higher	sea	levels	and	more	heat	waves.	But	it
is	 remarkable	 how	 little	 attention	 massive	 global	 greening	 has	 received.	 It’s
another	way	that	 the	global	warming	discourse	is	 too	narrow	in	scope,	focused
just	on	the	negative.

THE	 SPECTER	 OF	 more	 wars	 is	 another	 rallying	 point	 of	 climate	 change
activists.	They	argue	that	climate	change	is	a	key	cause	of	the	ongoing	civil	war
in	Syria,	and	that	this	war	is	a	harbinger	of	things	to	come:	warmer	temperatures
will	mean	more	fighting.	The	reality	is	more	complicated;	in	fact,	the	only	robust
scientific	finding	is	that	warmer	temperatures	are	linked	to	less	fighting.22

The	 idea	 that	 the	 atrocities	 committed	 in	 Syria	 can	 be	 blamed	 on	 global
warming	 causing	 a	 drought	 is	 surprising,	 given	 Syria’s	 history	 of	 bad	 water
management,	a	population	that	tripled	in	thirty-five	years	and	added	pressure	on
resources,	 the	effects	of	decades	of	American	and	British	 foreign	policy	 in	 the
region,	Arab	Spring	uprisings,	religious	and	ethnic	tensions,	political	repression,
and	 the	 interference	 of	 geopolitical	 powers.	 Moreover,	 recent	 drought	 also
affected	 neighboring	 countries	 including	 Israel,	 Jordan,	 and	Lebanon,	 yet	 civil
conflict	has	not	occurred	on	any	similar	scale	there.

A	 2014	 study	 of	 the	 role	 of	 drought	 and	 climate	 change	 in	 the	 Syrian
uprisings	 concluded	 that	 “an	 exaggerated	 focus	 on	 climate	 change	 shifts	 the
burden	 of	 responsibility	 for	 the	 devastation	 of	 Syria’s	 natural	 resources	 away



from	 the	 successive	Syrian	governments	 since	 the	1950s	and	allows	 the	Assad
regime	 to	 blame	 external	 factors	 for	 its	 own	 failures.”	A	 2019	 study	 similarly
concludes:	 “There	 is	 very	 little	 merit	 to	 the	 ‘Syria	 climate	 conflict	 thesis.’”
Senator	Bernie	Sanders	was	knocked	by	PolitiFact’s	 truth-checkers	 for	making
this	 very	 argument	when	 he	was	 campaigning	 for	 the	Democratic	 presidential
nomination	in	2015.	Yet,	the	narrative	persists.23

Moreover,	people	make	a	significant	but	common	logical	mistake	when	they
pinpoint	a	specific	place	like	Syria,	where	global	warming	could	potentially	have
made	 the	drought	worse.	 In	 the	next	chapter	we	will	 see	 that	globally,	 climate
has	worsened	 drought	 in	 some	 areas,	 but	 reduced	 it	 in	 just	 as	many	 others.	 It
follows	 that	 you	 cannot	 make	 the	 claim	 about	 global	 warming	 increasing
drought	 in	 Syria,	 and	 then	 ignore	 all	 the	 other	 places	 where	 it	 has	 decreased
drought.	 It’s	 true	 that	 over	 time	 climate	 change	will	 likely	 increase	dryness	 in
Syria.	 But	 as	 global	 warming	 also	 increases	 global	 precipitation,	 it	 will	 also
make	 many	 other	 countries	 less	 water	 stressed,	 including	 fragile	 nations	 like
Guinea,	Sierra	Leone,	Mali,	and	Burkina	Faso.	So,	if	we	worry	that	wars	will	be
worsened	in	places	like	Syria,	shouldn’t	we	also	be	thankful	that	a	reduction	in
future	drought	from	global	warming	will	make	civil	war	less	likely	elsewhere?24

On	 a	 global	 scale,	 the	 latest	 survey,	 published	 in	 2019,	 shows	 that	 “the
literature	has	not	detected	a	robust	and	general	effect	linking	climate	to	conflict
onset.”	In	fact,	studies	looking	at	temperature	changes	and	the	onset	of	wars	in
the	 Northern	 Hemisphere	 over	 hundreds	 or	 thousands	 of	 years	 show	 a	 clear
correlation	between	colder	temperatures	and	more	war.	The	reason	why	cold	is	a
cause	 of	 war	 is	 that	 it	 reduces	 agricultural	 production;	 this	 leads	 to	 social
problems,	which	more	often	result	in	war,	famine,	and	population	decline.25

More	 importantly,	we	should	be	very	careful	 in	assigning	blame	 for	war	 to
any	aspect	of	the	climate.	In	a	recent	2019	study,	researchers	examined	sixteen
different	 factors	 that	 drive	 the	 risk	of	 conflict.	When	 the	 scientists	 ranked	 that
list	in	terms	of	influence,	climate	came	in	fourteenth,	behind	far	more	important
factors	 like	 poor	 development,	 population	 pressure,	 and	 corruption.	 The
scientists	 concluded:	 “Other	 drivers,	 such	 as	 low	 socioeconomic	 development
and	low	capabilities	of	the	state,	are	judged	to	be	substantially	more	influential,
and	the	mechanisms	of	climate-conflict	linkages	remain	a	key	uncertainty.”26

The	narrative	that	higher	temperatures	equal	more	wars	is	not	only	facile	but
ignores	the	research.	The	fact	is	that	the	only	well-documented	connection	is	the
exact	opposite:	over	the	past	thousand	years,	more	cold	meant	more	conflict.



WE	 HEAR	 AN	 unrelenting	 barrage	 of	 messages	 about	 climate	 change,	 and
almost	 all	 of	 them	 are	 uniformly	 negative.	 If	 that’s	 all	 we	 hear,	 then	 our
understanding	of	the	world	is	skewed.

Just	 to	be	clear,	global	warming	will	 in	 total	have	a	negative	impact	on	our
planet	and	well-being,	so	overall,	 there	will	be	more	bad	 than	good	 impacts	 to
describe.	 But	 the	 overarching	 narrative	 that	 insists	 on	 telling	 us	 only	 the	 bad
stories	is	unlikely	to	give	us	adequate	information	with	which	to	act	smartly.	It’s
important	to	get	the	whole	picture.



4

EXTREME	WEATHER	OR	EXTREME
EXAGGERATION?

“A	 RAGING,	 HOWLING	 signal	 of	 climate	 change.”	 That’s	 what	 the
Washington	 Post	 recently	 declared	 about	 extreme	 weather.	 Whether	 it’s
flooding,	 forest	 fires,	 or	 destructive	 hurricanes,	 extreme	 weather	 events	 are
inevitably	cast	by	the	media	as	evidence	that	climate	change	is	not	only	real,	but
also	urgent	and	disastrous.1

But	 is	 weather	 really	 getting	 more	 extreme	 globally?	 Are	 there	 more	 and
more	severe	droughts,	hurricanes,	floods,	and	fires?	To	answer	these	questions,	I
am	going	to	outline	what	the	science	says.	As	a	general	rule,	I	will	base	findings
on	what	the	United	Nations’	climate	scientists—the	Intergovernmental	Panel	on
Climate	Change,	or	 IPCC—have	 found.	Their	 reports	 are	generally	 considered
the	gold	standard,	since	their	work	is	careful	and	robust,	written	by	large	teams
of	 top	scientists	from	around	the	world.	To	see	what	we	should	expect	 just	 for
the	United	States,	I	will	also	bring	in	official	government	findings	from	the	US
National	Climate	Assessment.

Many	 of	 these	 findings	 run	 against	 the	 meta-narrative	 that	 everything	 is
getting	 worse.	 They	 seem	 counterintuitive	 because	 we	 are	 accustomed	 to
thinking	that	natural	disasters	are	ever	worsening	due	to	climate	change.	So	what
really	is	going	on?

Part	of	the	problem	is	the	media.	Newspapers	fill	their	pages	with	stories	of
bad	news	because	“everything	is	just	fine”	isn’t	a	news	story.	For	the	past	thirty
years,	polls	show,	the	vast	majority	of	the	US	population	has	believed	that	crime
is	 getting	 worse,	 even	 though	 statistics	 repeatedly	 demonstrate	 that	 crime	 is
falling,	often	quite	precipitously.	This	disconnect	can	largely	be	explained	by	the
fact	that	regardless	of	how	much	crime	is	reduced,	there	will	always	be	enough



to	fill	newspapers	and	TV	shows	every	day	with	horrific	stories.	Media	coverage
can	help	shape	a	perception	that	crime	is	getting	more	rampant	even	if	statistics
show	 otherwise.	 Politicians	 amplify	 the	 problem	 by	 talking	 up	 crime	 to	 show
themselves	 “tough	 on	 crime,”	 and	 so	 statistical	 reality	 and	 public	 opinion
diverge	even	further.2

We	are	witnessing	a	similar	dynamic	when	it	comes	to	the	effects	of	climate
change.	Stories	of	extreme	weather	are	dramatic—flames	engulfing	Los	Angeles
highways,	 reporters	 bracing	 themselves	 against	 heavy	 rains	 and	 winds	 on
camera,	 flood	 victims	 rowing	 through	 what	 used	 to	 be	 city	 streets.
Unsurprisingly,	 people	 are	 riveted,	 and	 the	media	 dishes	 up	 as	many	 of	 these
stories	 as	 it	 can.	 Global	 warming	 is	 an	 easy	 shorthand	 for	 explaining	 these
disasters,	and	many	politicians	leap	in	to	proclaim	themselves	“tough	on	climate
change.”	The	scientific	facts	are	left	behind	because	the	narrative	feels	true.

You	would	think	that	our	experience	of	the	weather	should	be	one	thing	that
is	 completely	 separate	 from	 our	 political	 identities.	 If	 a	 Democrat	 and	 a
Republican	look	out	the	window,	they	should	both	have	the	same	experience	of
the	weather.	Amazingly,	that’s	not	true.	Democrats,	who	are	much	more	worried
than	 Republicans	 about	 climate	 change,	 are	 far	 more	 likely	 to	 believe	 that
droughts,	 floods,	wildfires,	 and	 hurricanes	where	 they	 live	 have	 become	more
frequent	 or	more	 intense	 in	 the	 last	 decade.	 (And	 conversely,	Republicans	 are
much	less	likely	to	believe	so.)3

It’s	astonishing	to	think	that	people	literally	living	in	the	same	place	as	you
might	have	a	wildly	different	experience	of	the	weather,	based	on	their	political
views.	But	it	makes	sense:	someone	who	is	afraid	of	climate	change	will	think,
“That	 last	 storm	 I	 experienced	 felt	 worse	 than	 others:	 that	 must	 be	 climate
change.”	Similarly,	someone	relatively	unconcerned	can	always	go	back	in	time
and	 think,	 “Yeah,	 but	 the	 1935	 hurricane	 was	 much	 worse.”	 Both	 of	 these
sentiments	are	understandable	and	underpin	the	need	to	ground	our	approach	in
more	than	sentiment	alone.

IT’S	 A	 CLASSIC	 IMAGE	 of	 climate	 change:	 dry,	 red	 soil	 broken	 up	 by
horrendous	drought.	 Indeed,	many	arguments	 for	 carbon	cuts	 are	based	on	 the
belief	that	droughts	have	already	worsened	because	of	climate	change.4

But	in	their	last	major	global-level	report,	the	UN’s	climate	scientists	didn’t
find	 that	 to	 be	 true.	 They	 said,	 “There	 is	 low	 confidence	 in	 a	 global-scale
observed	 trend	 in	 drought.”	 They	 found	 that	 since	 1950	 drought	 had	 likely
increased	 in	 the	 Mediterranean	 and	West	 Africa,	 but	 had	 likely	 decreased	 in



central	North	America	and	northwest	Australia.	 In	other	words,	on	a	planetary
level,	the	earth	isn’t	experiencing	more	drought.5

For	the	United	States,	the	federal	government’s	most	recent	National	Climate
Assessment	(NCA)	states	unequivocally	that	“drought	has	decreased	over	much
of	 the	 continental	 United	 States	 in	 association	 with	 long-term	 increases	 in
precipitation.”	So,	contrary	to	what	you	hear	in	the	news,	even	the	United	States’
own	climate	assessment	tells	you	that	drought	has	decreased,	not	increased.6

Moreover,	 the	UN	 scientists	 found—and	 this	may	 be	 very	 surprising—that
the	purported	 link	between	man-caused	climate	change	and	drought	 is	actually
weak:	 “There	 is	 low	 confidence	 in	 attributing	 changes	 in	 drought	 over	 global
land	 areas	 since	 the	 mid-20th	 century	 to	 human	 influence.”	 The	 US	 National
Climate	Assessment	agrees.	The	scientists	are	basing	their	findings	on	data	that
mostly	 reveals	 no	 increase	 in	 global	 drought.	 One	 2014	 study	 even	 shows	 a
persistent	decline	in	global	drought	since	1982,	and	another	from	2018	finds	this
downward	 trend	goes	 all	 the	way	back	 to	 1902.	The	 evidence	 also	 shows	 that
globally,	 the	 number	 of	 consecutive	 dry	 days	 has	 been	 declining	 for	 the	 last
ninety	years.7

For	the	United	States,	the	National	Oceanic	and	Atmospheric	Administration
—the	 official	 scientific	 agency	 that	 focuses	 on	 oceans,	 waterways,	 and	 the
atmosphere—finds	 that	since	1895,	 the	area	of	 the	 lower	 forty-eight	states	 that
has	 been	 very	 dry	 has	 certainly	 not	 increased.	 In	 fact,	 there	 has	 likely	 been	 a
slight	decline,	from	12	to	10	percent,	although	this	is	not	statistically	significant.
So	 despite	 what	 we	 often	 hear,	 it	 is	 incorrect	 to	 say	 that	 we	 are	 seeing	 the
climate	impact	of	drought,	either	globally	or	in	the	United	States.8

But	what	about	drought	in	the	future?	The	UN’s	climate	scientists	find,	with
a	 medium	 level	 of	 confidence,	 that	 if	 carbon	 emissions	 increase	 drastically
(indeed,	 at	 a	 level	 that	 would	 be	 unrealistic),	 then	 it	 is	 likely	 that	 the	 risk	 of
drought	 could	 increase	 in	 already	 dry	 regions	 toward	 the	 end	 of	 the	 century.
Similarly,	 US	 government	 scientists	 find	 that	 if	 emissions	 increase	 at	 a	much
faster	 pace	 than	 mainstream	 scenarios,	 and	 if	 there	 is	 no	 attempt	 to	 improve
water	management,	then	chronic,	long-term	drought	“is	increasingly	possible	by
the	end	of	this	century.”9

So	it	is	possible	to	argue	that	climate	change	can	make	future	drought	worse,
but	it	is	important	to	point	out	the	caveats	here.	This	outcome	is	likely	to	occur
only	 in	 scenarios	of	very	high,	very	unlikely	carbon	emissions,	and	 the	effects
will	 actually	 be	 experienced	 only	 toward	 the	 end	 of	 the	 century.	 And,	 as	 the
United	States’	official	report	makes	clear,	this	worsening	requires	an	assumption



that	 we	 wouldn’t	 take	 any	 measures	 to	 better	 protect	 and	 preserve	 our	 water
resources.

In	 the	 real	 world,	 that	 last	 assumption	 is	 unrealistic.	 In	 fact,	 in	 California
during	droughts,	reservoirs	can	be	used	to	reduce	the	drought	deficit	by	about	50
percent,	 whereas	 extensive	 water	 usage	 (mostly	 irrigation)	 can	 almost	 double
drought	duration	and	deficit.	Both	of	these	actions,	positive	and	negative,	can	be
more	readily,	quickly,	and	efficiently	changed	than	global	carbon	dioxide	levels.
Crucially,	when	we	look	at	the	science,	the	claim	that	climate	change	is	causing
drought	today	is	just	not	founded.10

LEONARDO	 DICAPRIO’S	 2016	 climate	 change	 documentary	 was	 called
Before	 the	 Flood.	 Rolling	 Stone	 published	 a	 2019	 article	 on	 climate	 change
called	“How	to	Survive	a	Flooded	World.”	In	the	same	year,	the	New	York	Times
declared:	“Flooding	Offers	a	Preview	of	Future	Climate	Havoc.”11

Unlike	 DiCaprio	 and	 the	 media,	 when	 the	 world’s	 best	 scientists	 worked
together	 to	 examine	 evidence	 linking	 flooding	 and	 climate	 change,	 they	 could
not	find	enough	proof	to	even	determine	whether	flooding	was	getting	better	or
worse.	The	United	Nations	has	carefully	estimated	the	total	amount	of	flooding
around	the	world	and	found	that	it’s	not	clear	whether	it	is	even	getting	more	or
less	 frequent,	 much	 less	 if	 there	 is	 a	 human	 fingerprint	 involved.	 Looking	 at
inland	flooding,	the	UN’s	scientists	say	there	is	“a	lack	of	evidence	and	thus	low
confidence	 regarding	 the	 sign	 of	 trend	 in	 the	 magnitude	 and/or	 frequency	 of
floods	on	a	global	scale.”	The	US	Global	Change	Research	Program	clearly	says
that	it	cannot	attribute	changes	in	flooding	to	carbon	dioxide,	nor	find	detectable
changes	in	flooding	magnitude,	duration,	or	frequency.12

What’s	 true	 at	 a	 global	 level	 clearly	 isn’t	 necessarily	 true	 locally.	 In	 some
parts	of	 the	United	States,	such	as	 the	upper	Mississippi	River	valley,	flooding
has	 increased.	 But	 it	 has	 decreased	 in	 other	 parts	 of	 the	 country	 such	 as	 the
Northwest.	 So	 overall,	 the	 United	 States’	 official	 climatologists	 have	 made	 a
similar	 finding	 to	 that	 of	 the	 United	 Nations:	 they	 “have	 not	 established	 a
significant	connection	of	 increased	 riverine	 flooding	 to	human-induced	climate
change.”13

Sometimes,	people	hold	up	specific	examples	of	flooding	(such	as	 in	Texas
or	in	Venice,	Italy)	that	are	“caused”	by	climate	change,	without	there	being	any
scientific	basis	to	link	the	event	to	climate	change	whatsoever.	Sometimes,	there
is	scientific	underpinning	to	 link	a	flooding	event	 to	climate	change.	What	 this
typically	means	 is	 that	 researchers	have	 run	a	 climate	model	with	 and	without



carbon	dioxide	emissions,	and	found	that	running	the	climate	model	with	carbon
dioxide	emissions	results	in	more	precipitation	that	could	be	consistent	with	the
flooding	experienced.	But	we	need	to	stop	and	think	harder	about	this.	If	we	look
at	computer	models	only	when	there	is	a	flood	and	then	sometimes	say	a-ha!,	we
are	 ignoring	 all	 the	 places	where	 there	was	 no	 flooding;	 and,	 because	 climate
change	means	 less	 rain	 in	 some	 places,	 there	 could	 have	 been	 flooding	 in	 the
absence	of	climate	change.	This	 is	exactly	what	 the	UN	tells	us	when	it	points
out	that	overall	and	globally	there	is	no	increase	in	flooding.	Reporting	only	the
negative	is	sadly	what	gives	us	a	biased	understanding.

In	 the	 future,	 the	 incidence	of	heavy	rain	will	 increase	and	 there	will	be	an
expansion	 of	 areas	 that	 experience	 significant	 increases	 in	 runoff,	 which	 can
increase	the	hazard	of	flooding,	but	the	UN’s	scientists	emphasize	that	“trends	in
floods	 are	 strongly	 influenced	 by	 changes	 in	 river	management.”	This	 tells	 us
there	 are	 far	 more	 important	 levers	 we	 could	 look	 at	 to	 reduce	 flooding	 than
carbon	 cuts.	 Even	 in	 the	 future,	 flood	 damage	 will	 be	 much	 more	 strongly
affected	 by	 other	 human	 impacts	 like	 river	 management	 and	 by	 how	 much
building	takes	place	on	floodplains,	than	by	climate	change.14

US	 government	 scientists	 believe	 future	 increases	 in	 heavy	 rain	 could
“contribute	to	increases	in	local	flooding	in	some	catchments	or	regions”	but	say
it’s	 far	 from	 clear	when	 any	 future	 impact	 from	 climate	 on	 flooding	 will	 be
detectable.	We	know	flooding	cannot	currently	be	linked	to	climate,	and	the	US
government	even	points	out	that	we	don’t	know	yet	when	or	if	we	will	be	able	to
claim	so	in	the	future.	It	is	hubristic,	to	say	the	least,	for	climate	campaigners	to
claim	to	know	better.	Indeed,	a	2018	study	pointed	out	that	“despite	widespread
claims	by	the	climate	community	that	 if	precipitation	extremes	increase,	floods
must	also,”	it	actually	appears	that	“flood	magnitudes	are	decreasing.”15

We	need	to	differentiate,	of	course,	between	the	actual	incidence	of	flooding,
which	is	not	clearly	increasing,	and	damage	from	flooding.	Images	of	damaging
floods	 are	 often	 used—whether	 by	DiCaprio,	 Gore,	 or	 the	world’s	media—as
one	 of	 the	 clear	 examples	 of	 a	 world	 already	 being	 transformed	 by	 climate
change.	But	when	we	hear	the	claim	that	flooding	costs	are	skyrocketing	because
of	climate	change,	we	need	to	consider	 the	 increase	 in	costs	resulting	from	the
growing	number	and	value	of	houses	in	harm’s	way,	as	we	saw	in	chapter	1—
the	expanding	bull’s-eye	effect.

It	 is	 true	 that	 inflation-adjusted	 total	 flood	 costs	 in	 the	 United	 States	 on
average	 rose	 from	$3.5	 billion	 in	 1903	 to	 $12.8	 billion	 in	 2018.	By	 2018,	 the
annual	cost	of	US	flooding	was	370	percent	of	what	it	used	to	be	in	1903.	But



the	number	of	housing	units	in	the	US	has	increased	much,	much	more:	by	2017,
there	were	750	percent	as	many	housing	units	to	be	damaged	as	there	had	been
in	1903.	A	flood	today	will	on	average	make	seven	and	a	half	houses	awash	with
water,	compared	to	a	similar	flood	in	1903	affecting	just	one	house.	Moreover,
each	of	these	houses	has	become	much	bigger,	is	worth	more,	and	is	filled	with
many	 more	 valuable	 items.	 Since	 1970	 alone,	 the	 average	 house	 size	 has
increased	by	half,	and	the	price	has	almost	tripled.16

One	 simple	 way	 of	 adjusting	 for	 this	 dramatic	 change	 in	 the	 number	 and
value	 of	 houses	 is	 to	 compare	 the	 flood	 losses	 with	 GDP.	 This	 is	 a	 weaker
correction	than	if	we	actually	had	the	value	of	houses	in	floodplains	since	1903,
but	it	still	delivers	a	very	clear	result.

Figure	4.1	shows	the	total	cost	of	US	flooding	from	1903	to	2018.	It	shows
that	in	the	early	part	of	the	last	century,	when	there	were	few	and	mostly	cheap
houses	to	be	flooded,	the	average	flood	still	claimed	about	half	a	percent	of	GDP
each	 year,	 with	 the	 Great	 Flood	 of	 1913	 costing	 a	 still-unbeaten	 2.2	 percent.
Today,	with	many	more	and	more	costly	houses,	average	floods	over	a	year	cost
just	 over	 0.05	 percent	 of	 GDP—ten	 times	 less.	 So	 while	 the	 dollar	 value	 of
flooding	 damage	 has	 increased	 dramatically	 as	 a	 percentage	 of	 the	 national
income,	flooding	takes	far	less	of	a	toll	than	it	did	a	century	ago.

FIGURE	4.1	US	flooding	costs	in	percentage	of	GDP,	1903–2018.
Dashed	trend	shows	best	fit.17

All	of	which	is	to	say	that	we	need	to	think	about	floods	differently.	Globally,
the	incidence	of	flooding	is	not	on	the	rise,	nor	is	there	any	evidence	that	global
warming	 has	 led	 to	more	 floods.	 In	 some	 areas,	 increased	 rains	 due	 to	 global



warming	may	eventually	 lead	 to	 increased	flooding,	and	we	should	prepare	for
that	scenario	with	sensible	water	management	policies.

However,	we	 should	 not	 confuse	 the	 rising	 costs	 of	 flooding	with	 flooding
itself	(or	indeed	with	climate	change).	It	is	entirely	caused	by	more	houses	and
more	wealth;	in	fact,	the	cost	compared	to	the	US	national	income	has	declined
almost	tenfold.	If	we	want	to	reduce	this	amount	even	more,	the	solution	isn’t	to
be	 found	 in	 radically	 reducing	 carbon	 dioxide	 levels.	 The	 solution	 is	 to	 stop
building	lots	of	big,	expensive	houses	in	flood	zones.

EVERY	SUMMER	IN	both	 the	Northern	and	Southern	Hemispheres,	wildfires
erupt	 somewhere,	 contributing	 to	 a	 widely	 held	 perception	 that	 they	 are
increasing	in	occurrence,	severity,	and	damage.	Perhaps	because	images	of	fire
are	 so	 frightening,	 or	 because	 fire	 can	 leap	 up	 with	 apparent	 randomness,	 or
because	(particularly	in	California)	flames	have	subsumed	the	homes	of	the	very
affluent,	 wildfires	 have	 become	 one	 of	 the	 most	 potent	 political	 symbols	 of
global	temperatures	run	amok.18

The	real	story	bears	little	resemblance	to	such	alarmist	storytelling.	To	begin
with,	over	the	past	150	years	our	exposure	to	fire	has	dropped	dramatically.	The
examination	 of	 sedimentary	 charcoal	 records	 spanning	 six	 continents	 and	 two
millennia	shows	that	in	fact	global	burning	has	declined	sharply	since	1870.	To	a
large	 extent,	 this	 is	 because	 of	 the	 so-called	 pyric	 transition	 when	 humans
largely	stopped	burning	wood	at	home	and	started	burning	fossil	fuels	in	power
plants	 and	 cars.	 This	 means	 that	 today	 fire	 has	 all	 but	 vanished	 from	 houses
(except	 those	of	 the	world’s	poorest).	By	 restricting	 fire	 to	 engines	 and	power
stations,	we	have	been	able	to	reduce	its	presence	and	negative	impact	in	the	rest
of	the	world.19

There	is	plenty	of	evidence	for	a	reduction	in	the	level	of	devastation	caused
by	 fire,	with	 satellites	 showing	 a	 25	 percent	 reduction	 globally	 in	 burned	 area
just	 over	 the	 past	 eighteen	 years.	 And	 the	 primary	 factor	 in	 the	 reduction	 in
global	burned	area	over	the	past	110	years	is	human	activity:	when	more	people
started	 planting	 crops,	 they	 wanted	 to	 avoid	 fires,	 and	 did	 so	 with	 fire
suppression	and	forest	management.	 In	 total,	 the	global	amount	of	area	burned
has	declined	more	than	540,000	square	miles,	from	1.9	million	square	miles	 in
the	early	part	of	the	last	century	to	1.4	million	square	miles	today.20

Recently,	 scientists	 undertook	 a	 global	 simulation	 and	 found	 that	 the	 area
burned	 for	 crops	 and	 pasture	 has	 increased	 globally	 since	 1900.	However,	 the
amount	of	burning	of	undisturbed	land,	and	of	land	that	was	previously	disturbed



but	is	recovering,	has	declined	more.	Overall,	that	has	had	the	effect	of	reducing
the	total	annual	burned	area	by	a	third.21

None	of	this	is	to	say	that	wildfires	are	not	a	problem.	Wildfires	in	the	United
States,	 particularly	 in	 California,	 get	 a	 huge	 amount	 of	 global	 attention.
Government	 scientists	 undertaking	 an	 official	 2018	 assessment	 concluded	 that
the	“incidence	of	large	forest	fires	in	the	western	United	States	and	Alaska	has
increased	since	 the	early	1980s,”	and	 they	projected	 these	will	 increase	 further
with	higher	temperatures.23

FIGURE	4.2	Wildfire	burned	area	in	the	United	States,	1926–2019,	and
estimated	burned	area	1900–2000,	broken	down	by	decades.22

Indeed,	we	see	an	increase	in	area	burned	from	the	three	million	acres	burned
on	 average	 in	 the	 1980s	 to	 the	 seven	 million	 in	 the	 2010s,	 in	 figure	 4.2.
However,	this	increase	is	still	very	small	compared	to	the	annual	rates	of	burning
we	saw	in	the	early	part	of	the	last	century,	with	thirty-nine	million	acres	burned
on	average	in	the	1930s.	So	while	climate	change	likely	is	increasing	the	amount
of	 land	 burned	 by	wildfire,	 and	 that	 is	 something	we	 should	 take	 seriously,	 it
does	so	from	a	very	modest	level	compared	to	historical	data.

And	importantly,	 it	 is	 likely	that	most	of	the	increase	we’re	seeing	now	has
little	to	do	with	the	climate	and	everything	to	do	with	other	human	activities	that
we	have	much	more	 control	 over.	A	2017	 study	 found	 that	where	humans	 are
present,	 climate	 is	 less	 important	 in	 determining	 fire	 activity.	 It	 found	 that
significant	human	presence—such	as	closeness	to	towns	and	roads,	the	number
of	people	living	in	an	area,	and	the	amount	of	land	developed—can	“override,	or
swamp	out,	the	effect	of	climate.”24



Indeed,	when	we	 look	at	 the	US	West,	 the	number	of	homes	built	 in	high-
fire-risk	 zones	 has	 increased	 drastically	 from	 half	 a	million	 in	 1940	 to	 almost
seven	million	 in	 2010.	 This	 is	more	 than	 three	 times	 faster	 than	 the	US-wide
housing	increase	over	the	same	period,	so	of	course	many	more	homes	are	likely
to	 experience	 wildfire.	 Moreover,	 this	 growth	 is	 set	 to	 continue	 until	 2050,
meaning	our	first	target	for	reducing	wildfire	damage	should	be	to	deter	people
from	building	houses	in	high-risk	zones.25

Damage	from	wildfire	 is	also	on	 the	rise,	not	because	of	more	wildfire,	but
because	of	the	expanding	bull’s-eye	effect.	There	is	no	US	study	looking	at	this,
but	 an	 Australian	 study	 shows	 that	 while	 the	 value	 of	 property	 damaged	 by
wildfire	is	on	the	rise,	it	is	caused	by	more	people	and	more	houses	built	in	high-
risk	locations.	When	the	damage	is	adjusted	for	the	number	and	value	of	houses
at	 risk,	 the	 trend	 is	 not	 increasing—it	 is	 actually	 slightly,	 but	 insignificantly,
decreasing.26

We	should	take	wildfires	seriously:	global	warming	will	increase	the	risk	of
wildfire	 (though	 in	 this	century	not	 to	 the	 levels	mankind	experienced	prior	 to
the	middle	of	the	twentieth	century).	Compared	to	the	year	2000,	an	unrealistic
worst-case,	 high-warming	 trend	would	 increase	 the	 burned	 area	 globally	 by	 8
percent	in	2050	and	33	percent	in	2100;	but	even	in	2100	this	would	still	be	less
than	the	area	burned	in	1950.27

For	 high-risk	California,	 global	warming	 by	 itself	will	 increase	 the	median
burned	area	by	10	to	15	percent	by	the	middle	of	the	century,	compared	to	2000.
But	this	increase	is	small	in	relation	to	the	50	percent	increase	in	the	number	of
houses	in	the	highest-hazard	zone	over	the	same	period.28

As	 with	 flooding,	 the	 best	 way	 to	 manage	 fire	 is	 to	 focus	 not	 on	 carbon
dioxide	 levels,	 but	 on	 human	 behavior.	 Planning	 decisions	 are	 far	 more
important	than	climate	impact.	Building	codes	and	regulations	are	of	paramount
importance,	as	are	land	management	policies	to	ensure	there	are	well-maintained
firebreaks	 in	 forests,	 and	 effective	 firefighting	 strategies	 to	 stop	 fires	 from
spreading.	 Above	 all,	 if	 we	 are	 serious	 about	 reducing	 future	 fire	 damage,
regulators	and	insurance	firms	need	to	deliver	a	harsh	but	clear	message:	“You
just	can’t	live	in	areas	that	are	a	tinderbox.”

HURRICANES,	 SCIENTIFICALLY	 KNOWN	 as	 tropical	 cyclones,	 are	 the
costliest	weather	catastrophes.	The	costs	of	US	landfalling	hurricanes	since	1980
alone	amount	to	two-thirds	of	entire	global	catastrophic	weather	losses	over	that
period.	Hurricanes	Katrina	 (2005),	Sandy	 (2012),	Harvey	 (2017),	 Irma	 (2017),



Florence	 (2018),	 and	 Dorian	 (2019)	 have	 all	 been	 used	 to	 argue	 that	 global
warming	 is	 making	 extreme	 weather	 worse.	 But	 this	 is	 not	 what	 the	 peer-
reviewed	science	says.29

The	 UN’s	 climate	 scientists	 looked	 at	 the	 evidence	 and	 concluded	 that
globally,	 hurricanes	 are	 not	 getting	 more	 frequent:	 they	 find	 “no	 significant
observed	trends	in	global	tropical	cyclone	frequency.”	They	do	find	an	increase
in	storms	 in	 the	North	Atlantic,	but	 link	 this	 to	air	pollution.	They	specifically
say	 that	 there	 is	 low	 confidence	 in	 attributing	 changes	 in	 hurricane	 activity	 to
human	influence.30

This	 finding	 is	 backed	 by	 the	 US	 National	 Climate	 Assessment,	 which
concludes	 that	hurricane	activity	 in	 the	Atlantic	has	 increased,	but	 that	 it’s	not
possible	 to	 blame	 climate	 change.	Climate	 scientists	 at	NASA	not	 only	 agree,
but	add	that	it	will	not	be	possible	to	detect	the	impact	of	climate	change	for	at
least	a	couple	of	decades.31

Moreover,	 a	 new	 2018	 study	 reveals	 that	 continental	 US	 landfalling
hurricanes	show	no	trend	in	frequency	or	intensity;	in	fact,	to	the	extent	there	is
one,	 the	 trend	 is	 slightly	 (though	 statistically	 insignificantly)	declining.	This	 is
true	not	 only	 for	 all	 hurricanes,	 but	 also	 for	 the	worst	 ones,	 at	 category	3	 and
up.32

Yet,	 the	 cost	 of	US	hurricanes	has	gone	up	dramatically.	This	 fact	 is	 often
used	 to	 suggest	 that	 global	 warming	 is	 making	 hurricanes	 worse	 and	 more
destructive.	 But	 what	 is	 really	 happening	 is—again—that	 the	 bull’s-eye	 is
expanding.

While	 the	 US	 population	 since	 1900	 has	 more	 than	 quadrupled,	 coastal
populations	have	increased	far	more.	The	population	of	all	 the	coastal	counties
from	 Texas	 to	 Virginia	 on	 the	 Gulf	 of	 Mexico	 and	 Atlantic	 has	 increased
sixteenfold	in	the	same	period.	The	coastal	population	of	Florida	has	increased	a
phenomenal	sixty-seven	times.	There	are	now	many	more	people	living	in	Dade
and	Broward	Counties	 in	South	Florida	 than	 lived	 along	 the	 entire	 coast	 from
Texas	 to	Virginia	 in	1940.	For	 a	 hurricane	 in	1940	 to	hit	 the	 same	number	of
people	as	a	modern	hurricane	ripping	through	Dade	and	Broward	today,	it	would
have	had	to	tear	through	the	entire	Gulf	of	Mexico	and	Atlantic	coastline.34



FIGURE	4.3	Cost	of	US	landfalling	hurricanes	over	time.	The	graph	on
the	left	shows	the	cost	of	all	landfalling	hurricanes	in	the	continental

United	States	from	1900	to	2019	in	2019	dollars.	The	graph	on	the	right
shows	the	cost	if	the	same	hurricanes	had	hit	the	US	as	it	looks	today.

Dashed	lines	are	best	linear	fit.33

From	Texas	to	Maine,	the	number	of	housing	units	within	thirty-one	miles	of
the	coast	increased	from	4.4	million	in	1940	to	26.6	million	in	2000.	Correcting
for	 the	 increase	 in	 housing	 units,	 the	 story	 of	 worsening	 damage	 changes
substantially.35

If	we	 just	 look	 at	 the	 inflation-adjusted	 damage	 from	hurricanes	 in	 the	 left
graph	of	 figure	4.3,	 it	 is	clear	 that	costs	have	gone	up	dramatically,	 something
that	 would	 still	 be	 somewhat	 true	 if	 we	 look	 at	 it	 as	 a	 percentage	 of	 GDP,
because	 the	 increase	 in	 coastal	 vulnerability	 has	 increased	 much,	 much	 more
than	GDP.	This	is	why	researchers	estimate	the	cost	of	hurricanes	over	time	as	if
all	of	them	hit	the	United	States	as	it	looks	today.

The	Great	Miami	Hurricane	of	1926	destroyed	much	of	 the	city	 (hence	 the
prevalence	of	Art	Deco	architecture	in	the	rebuilt	areas).	Only	about	a	hundred
thousand	people	 lived	 in	Miami	 at	 the	 time,	 in	 far	 cheaper	 houses	 than	 today.
The	inflation-adjusted	damage	ran	to	$1.6	billion.	A	hurricane	of	the	same	size
and	ferocity	tearing	down	the	same	path	today	would	be	the	costliest	US	weather
catastrophe	 ever,	 causing	 damage	 worth	 $265	 billion.	 Modeling	 all	 the	 two
hundred–plus	hurricanes	that	have	landed	in	the	United	States	from	1900	to	2019
as	 if	 they	 landed	 today	corrects	 for	 the	expanding	bull’s-eye	effect	and	reveals



no	 significant	 increase	 in	hurricane-adjusted	 costs.	And	 this	 isn’t	 true	only	 for
the	United	States.	Similar	results	are	found	when	scientists	look	at	Australia	and
China.36

Looking	to	the	future,	the	UN’s	climate	scientists	find	that	the	best	but	weak
evidence	 suggests	 that	 hurricanes	 will	 become	 fewer	 but	 more	 intense.	 These
stronger	hurricanes	will	 likely	create	more	damage,	meaning	they	will	result	 in
more	costly	damages.	But	 as	 the	population	keeps	growing	and	 the	number	of
houses	 close	 to	 coastlines	 increases	 (it	 is	 projected	 to	 more	 than	 double	 this
century),	demographic	changes	will	increase	damages	much	more,	swamping	the
impact	of	climate	change.37

The	 good	 news	 is	 that	 as	 people	 get	 richer,	 hurricanes	 will	 become	 less
deadly.	Poorer	communities	are	affected	far	more	harshly	by	hurricanes,	in	part
because	poorer	people	live	in	flimsy	housing	that	offers	little	protection,	and	in
part	 because	 they	have	 little	 capital	 or	 insurance	 to	 rebuild.	Hurricane	Dorian,
which	hit	the	Bahamas	in	2019,	appears	to	have	had	its	worst	effects	on	the	poor
Haitian	immigrant	population	whose	shantytown,	“the	Mudd,”	was	devastated.38

Over	the	century,	humans	will	keep	getting	richer	and	better	able	 to	protect
themselves	 from	 the	 effects	 of	 hurricanes.	 Currently,	 according	 to	 a	 highly
quoted	 study	 in	Nature,	 hurricanes	cost	humanity	about	0.04	percent	of	global
GDP.	By	2100,	GDP	is	projected	to	increase	fivefold	and	deliver	a	much	higher
degree	of	resilience.	If	we	assume	that	hurricanes	stay	at	the	level	they	are	today
—that	is,	with	no	climate	change	at	all—global	hurricane	damages	in	2100	will
cost	 just	 0.01	 percent	 of	 GDP.	 However,	 if	 we	 use	 the	 UN’s	 expectation	 of
stronger	but	fewer	hurricanes,	the	global	cost	in	2100	will	double	to	0.02	percent
of	GDP.39

So	climate	change	will	make	future	hurricanes	more	damaging	(0.02	percent
instead	of	0.01	percent),	but	because	the	world	is	getting	much	richer,	and	thus
more	resilient	and	prepared	for	disaster,	hurricanes	will	have	a	lower	overall	cost
as	a	percentage	of	GDP	in	2100	than	they	do	today.

For	 the	 future,	 what	 matters	 most	 is	 that	 we	 make	 sure	 that	 the	 most
vulnerable,	worst-off	people	 living	 in	shantytowns	 like	 the	Mudd	are	 lifted	out
of	 poverty.	 It	 is	 growth,	 not	 carbon	 dioxide	 reductions,	 that	 will	 prevent	 the
harrowing	losses	that	the	world’s	poorest	endure	as	a	result	of	hurricanes.

BECAUSE	OF	THE	expanding	bull’s-eye	effect,	the	property	damage	wrought
by	extreme	weather	 is	 increasing	dramatically.	But	 is	extreme	weather	causing
more	damage	to	human	life?	The	answer	is	a	resounding	no.



The	 world’s	 best	 database	 of	 global	 catastrophes	 is	 kept	 by	 researchers	 in
Belgium.	It	includes	the	number	of	deaths	each	year	caused	by	biological	means
(such	as	infectious	diseases),	political	catastrophes	(such	as	the	early	1930s	man-
made	 famine	 in	 Soviet	 Ukraine,	 called	 the	 Holodomor),	 and	 earthquakes,
volcanoes,	floods,	and	many	other	natural	calamities.40

Analyzing	 this	 database,	 we	 can	 see	 that	 extreme	 weather	 used	 to	 kill	 far
more	 people	 than	 it	 does	 today.	 Let’s	 look	 at	 the	 climate-related	 deaths	 from
droughts,	floods,	storms,	wildfires,	and	extreme	temperatures.	Since	such	deaths
vary	greatly	from	year	to	year,	we	take	the	average	of	each	decade,	starting	with
the	1920s.

What	we	see	 in	 figure	4.4	 is	 that	deaths	caused	by	climate-related	disasters
have	declined	precipitously	over	 the	past	century.	 In	 the	1920s,	 these	disasters
killed	almost	half	a	million	people	each	year,	mostly	in	large	floods	and	droughts
in	developing	countries.	Today	the	total	number	of	climate-related	deaths	across
the	world	has	declined	 to	fewer	 than	 twenty	 thousand	each	year.	Over	 the	past
hundred	years,	the	number	of	deaths	from	these	climate-related	catastrophes	has
plummeted	by	96	percent.	Remember	that	over	the	same	time	period,	the	global
population	 has	 increased	 fourfold.	 So	 the	 average	 personal	 risk	 of	 dying	 in	 a
climate-related	disaster	has	declined	by	99	percent.

FIGURE	4.4	Global	climate-related	deaths	from	disasters,	1920–2019,
averaged	over	decades.41

This	massive	reduction	shows	a	dramatic	increase	in	climate	resilience,	likely
brought	about	by	higher	living	standards,	a	reduction	in	poverty,	improvement	in
warning	systems,	and	an	increase	in	global	trade,	meaning	that	droughts	are	less



likely	to	turn	into	widespread	famines.
Aside	 from	human	casualties,	 the	most	 important	 impact	 of	 disasters	 is	 the

economic	cost:	by	wiping	out	a	family’s	livelihood	and	possessions,	a	single	act
of	 nature	 can	 transform	 and	 ruin	 lives.	 We	 often	 hear	 about	 “billion-dollar
disasters,”	and	how	there	are	ever	more	of	them.	Indeed,	the	Boston	Globe	warns
us:	“More	Billion-dollar	US	Disasters	as	World	Warms.”42

And	 yes,	 the	 annual	 number	 of	 disasters	 costing	 a	 billion	 dollars	 or	 more
(adjusted	for	inflation)	has	indeed	increased,	from	about	three	in	the	early	1980s
to	about	fifteen	in	the	late	2010s.	But	it’s	once	again	due	to	the	expanding	bull’s-
eye	effect.	Any	disaster	 today	will	cause	more	damage	because	 there	are	more
homes,	factories,	office	buildings,	and	infrastructure	to	destroy.43

If	we	adjust	for	the	increasing	size	of	the	economy,	a	billion-dollar	disaster	in
1980	would	have	caused	$2.3	billion	in	costs	in	2010,	in	a	2.3	times	bigger	US
economy.	Once	we	account	for	that,	we	discover	that	the	increase	in	the	number
of	catastrophic	disasters	is	statistically	insignificant.45

FIGURE	4.5	Global	weather-related	disaster	cost	as	a	share	of	global
GDP,	1990–2019.	Dashed	line	is	best	linear	fit.44

Globally,	 we	 can	 look	 at	 the	 cost	 of	 weather-related	 disasters	 adjusted	 for
GDP	(see	figure	4.5.)	We	have	good	global	coverage	only	since	the	1990s,	but
over	 these	past	 three	decades,	 it	 is	 clear	 that	global	weather-related	costs	have
not	increased,	but	actually	declined,	from	0.26	percent	of	global	GDP	in	1990	to
0.18	 percent	 in	 2019.	 A	 new	 2019	 study	 splits	 the	 damage	 across	 all	 major
hazards—from	flood,	flash	flood,	and	coastal	flood,	to	heat	and	cold,	to	drought



and	 wind	 damage.	 It	 finds	 that	 for	 all	 of	 them,	 and	 for	 both	 rich	 and	 poor
countries,	 the	 costs	 of	 weather-related	 disasters	 have	 declined,	 in	 economic
terms	and,	more	so,	in	mortality.46

Thus,	 neither	 the	 human	 nor	 the	 relative	 financial	 cost	 of	 weather-related
disasters	 has	 actually	 increased	 as	 a	 result	 of	 climate	 change.	We	 cannot	 use
these	numbers	to	conclude	that	there	are	no	increases	in	the	number	of	weather
disasters	 (although	 as	 we	 have	 just	 seen,	 droughts,	 floods,	 wildfires,	 and
hurricanes	show	little	or	no	increase	globally),	but	they	do	tell	us	that	resiliency
has	outpaced	any	potential	increase	in	the	incidence	of	disasters.

And	 importantly,	 the	 total	 economic	 impact	of	 these	disasters	 is	 fairly	 low.
For	 the	 United	 States,	 hurricanes	 have	 cost	 0.19	 percent	 of	 GDP	 since	 2000.
Floods	have	cost	0.07	percent	of	GDP—that	is	less	than	Americans	spend	each
year	on	fast	food.	It’s	a	large	sum	(Americans	love	fast	food),	but	it’s	far	from	a
world-ending	amount	on	a	national	scale.	Of	course,	for	an	individual	or	family
these	events	can	be	utterly	devastating—none	of	what	we	discuss	here	is	meant
to	diminish	 that	 reality.	But	a	hundred	years	ago,	 flooding	and	hurricane	costs
were	much	more	devastating	for	American	communities.	Both	nationally	for	the
United	States	and	across	the	developed	and	developing	world,	extreme	weather
is	causing	less	suffering	both	in	terms	of	deaths	and	in	terms	of	share	of	GDP.47



5

WHAT	IS	GLOBAL	WARMING	GOING	TO
COST	US?

WE	NEED	TO	have	a	clear	idea	about	what	global	warming	will	cost	the	world,
so	that	we	can	make	sure	that	we	respond	commensurately.	If	it’s	a	vast	cost,	it
makes	sense	to	throw	everything	we	can	at	reducing	it.	If	it’s	smaller,	we	need	to
make	sure	that	the	cure	isn’t	worse	than	the	disease.

Professor	William	Nordhaus	of	Yale	University	was	the	first	(and	so	far	only)
climate	 economist	 to	 be	 awarded	 the	 Nobel	 Prize	 in	 economics,	 in	 2018.	 He
wrote	one	of	the	first	ever	papers	on	the	costs	of	climate	change	in	1991,	and	has
spent	much	of	his	career	studying	 the	 issue.	His	studies	have	helped	 to	 inspire
what	is	now	a	vast	body	of	research.1

How	do	economists	like	Professor	Nordhaus	go	about	estimating	the	costs	of
future	 climate	 change	 impacts?	They	 collate	 all	 the	 scientific	 evidence	 from	 a
wide	range	of	areas,	to	estimate	the	most	important	and	expensive	impacts	from
climate	change,	 including	 those	on	agriculture,	energy,	and	forestry,	as	well	as
sea-level	rises.	They	input	this	economic	information	into	computer	models;	the
models	are	then	used	to	estimate	the	cost	of	climate	change	at	different	levels	of
carbon	dioxide	emissions,	 temperature,	economic	development,	and	adaptation.
These	models	 have	 been	 tested	 and	 peer	 reviewed	 over	 decades	 to	 hone	 their
cost	estimates.

Many	 of	 the	 models	 also	 include	 the	 impacts	 of	 climate	 change	 on	 water
resources,	 storms,	biodiversity,	 cardiovascular	 and	 respiratory	diseases,	 vector-
borne	diseases	(like	malaria),	diarrhea,	and	migration.	Some	even	try	to	include
potential	catastrophic	costs	such	as	those	resulting	from	the	Greenland	ice	sheet
melting	rapidly.	All	of	which	is	to	say	that	while	any	model	of	the	future	will	be
imperfect,	these	models	are	very	comprehensive.



FIGURE	5.1	Impact	of	temperature	rise.	Total	impact	as	percentage	of
global	GDP	of	a	given	temperature	rise,	based	on	thirty-nine	published
estimates	in	the	literature.	Larger	circles	are	better	studies.	The	black	line

is	Nordhaus’s	best	estimate.2

When	we	look	at	the	full	range	of	studies	addressing	this	issue,	what	we	find
is	that	the	cost	of	climate	change	is	significant	but	moderate,	in	terms	of	overall
global	GDP.

Figure	 5.1	 shows	 all	 the	 relevant	 climate	 damage	 estimates	 from	 the	 latest
UN	Climate	Panel	report,	updated	with	the	latest	studies.	On	the	horizontal	axis,
we	can	see	a	range	of	temperature	increases.	Down	the	vertical	axis,	we	see	the
impact	 put	 into	 monetary	 terms:	 the	 net	 effect	 of	 all	 impacts	 from	 global
warming	 translated	 into	 percentage	 of	 global	 GDP.	 The	 impact	 is	 typically
negative,	meaning	that	global	warming	will	overall	be	a	cost	or	a	problem.

Right	now,	the	planet	has	experienced	a	bit	less	than	2°F	global	temperature
increase	 since	 the	 industrial	 revolution.	 This	 graph	 shows	 us	 that	 it	 is	 not	 yet
clear	whether	 the	net	global	 impact	 from	a	2°F	change	 is	positive	or	negative;
there	 are	 three	 studies	 that	 show	 a	 slight	 negative	 impact,	 and	 one	 showing	 a
rather	 large	 benefit.	 As	 the	 temperature	 increase	 grows	 larger,	 the	 impact
becomes	 ever	 more	 negative.	 The	 dashed	 line	 going	 through	 the	 data	 is
Nordhaus’s	 best	 estimate	 of	 the	 reduction	 of	 global	 GDP	 for	 any	 given
temperature	rise.3

We	should	 focus	on	 the	 temperature	 rise	of	 just	 above	7°F,	because	 that	 is
likely	 to	be	what	we	will	 see	at	 the	end	of	 the	century,	without	any	additional



climate	policies	beyond	those	to	which	governments	have	already	committed.	At
7.2°F	in	2100,	climate	change	would	cause	negative	impacts	equivalent	to	a	2.9
percent	loss	to	global	GDP.

Remember,	 of	 course,	 that	 the	 world	 will	 be	 getting	much	 richer	 over	 the
course	of	 the	century.	And	 that	will	still	be	 true	with	climate	change—we	will
still	be	much	richer,	but	slightly	less	so	than	we	would	have	been	without	global
warming.

YOU	MAY	VERY	FAIRLY	be	 asking	 at	 this	 point,	 how	can	 this	possibly	be
true?	Given	all	the	alarming	stories	in	the	media,	how	can	it	possibly	be	that	the
world’s	 top	 climate	 economists	 find	 that	 relatively	 unrestrained	 warming	 will
cost	 less	 than	3	percent	of	global	GDP?	It	seems	like	a	 tiny	number	given	that
apocalyptic	rhetoric	characterizes	the	climate	debate.

We’ve	seen	in	previous	chapters	that	much	of	what	we	have	been	told	about
climate	change’s	effects	is	misleading.	Those	impacts	are	the	building	blocks,	as
it	 were,	 of	 the	 total	 cost.	When	 we	 allow	 for	 the	 reasonable	 assumption	 that
people,	communities,	and	countries	will	take	reasonable	measures	to	adapt	to	the
effects	of	rising	temperatures,	then	the	damaging	impacts	of	climate	change	turn
out	 to	 be	 rather	 low.	 Indeed,	 many	 impacts,	 as	 we	 saw	 with	 hurricanes	 and
extreme	 weather	 in	 general,	 might	 actually	 lead	 to	 lower,	 not	 higher,	 relative
costs.4

Let’s	zoom	in	on	one	of	the	most	important	areas:	agriculture.	Over	the	past
century,	agricultural	output	has	grown	enormously,	as	farming	has	become	more
efficient.	Globally,	 the	 value	 of	 agricultural	 products	 is	more	 than	 thirteenfold
higher	than	150	years	ago.	Cereal	production	is	now	more	than	three	times	what
it	was	in	1961,	outpacing	population	growth	that	grew	a	bit	more	than	two	times.
And	these	increases	are	projected	to	continue.5

But	global	warming	will	incur	real	costs	and	reductions	to	agriculture.	Unlike
almost	any	other	sector,	agriculture	is	acutely	vulnerable	to	changes	in	weather,
because	 most	 of	 it	 will	 always	 have	 to	 take	 place	 outdoors.	 As	 rising
temperatures	 and	 changing	 precipitation	 patterns	 impact	 future	 agriculture,	 the
increases	in	food	production	will	be	smaller	than	they	could	have	been.	Reading
the	 headlines,	 we	 would	 think	 these	 reductions	 would	 be	 massive:	 “Climate
Change	Threatens	Future	of	Farming	in	Europe,”	“Climate	Change	Could	Lead
to	 Food	 Shortages	 in	 the	 U.K.,”	 “Climate	 Change	 Is	 Coming	 for	 Australian
Sheep,”	 “Climate	 Change	 Could	 Lead	 to	 Major	 Crop	 Failures	 in	 World’s
Biggest	Corn	Regions,”	“Climate	Change	Is	Likely	to	Devastate	the	Global	Food



Supply.”6
But	these	headlines	are	misleading.	One	broad	study	done	for	the	UN’s	Food

and	Agriculture	Organization	(FAO)	predicts	that	by	midcentury,	climate	change
will	reduce	global	crop	output	by	just	a	fraction	of	one	percent	of	today’s	output.
By	2080,	in	a	worst-case	scenario,	production	of	cereals	(including	wheat,	rice,
maize,	barley,	oats,	sorghum,	and	quinoa)	will	be	2.2	percent	lower	than	it	would
be	without	climate	change.	So	grain	production	will	still	increase	overall,	just	by
less	 than	 it	 could	 have	 done.	 The	 FAO	 expects	 an	 increase	 in	 global	 cereal
production	 of	 44	 percent	 without	 global	 warming,	 and	 this	 study	 shows	 the
increase	might	be	reduced	to	41	percent	by	global	warming.7

So	why	do	the	news	stories	give	us	the	wrong	idea?	Many	of	them	make	two
fundamental	errors,	which	distort	our	impression	of	the	cost.

The	 first	 mistake	 is	 leaving	 out	 the	 fertilization	 effect	 of	 carbon	 dioxide.
Carbon	dioxide	is	a	fertilizer	that	boosts	photosynthesis.	That’s	why	professional
vegetable	growers	pump	it	into	the	greenhouses	that	grow	tomatoes,	cucumbers,
and	 lettuce.	More	 carbon	 dioxide	means	 bigger,	more	 productive	 plants.	On	 a
planetary	scale,	this	link	explains	why	we	are	seeing	planetary	greening.

Many	 studies	 leave	 out	 the	 carbon	 dioxide	 fertilization	 effect	 to	 make	 the
analysis	 simpler.	 This	 may	 be	 relevant	 in	 a	 research	 context,	 but	 when	 news
stories	 consistently	 report	 on	 these	 findings	 without	 the	 carbon	 dioxide
fertilization	 effect,	 they	 will	 dramatically	 exaggerate	 the	 negative	 effect	 of
climate	 change	 on	 agriculture.	 One	 2018	 study,	 for	 example,	 revealed	 that
stringent	policies	 to	 reduce	carbon	emissions	could	 increase	global	 crop	yields
by	22	percent	compared	 to	doing	nothing.	That	makes	 for	good	headlines.	But
this	 is	 true	 only	 if	 we	 ignore	 the	 effect	 of	 carbon	 dioxide	 fertilization.	 The
research	 actually	 shows	 that	 if	 we	 include	 it,	 the	 negative	 effects	 of	 higher
temperatures	are	more	than	counteracted	by	fertilization,	so	stringent	carbon	cuts
could	really	mean	12	percent	lower	crop	yields.8

The	 second	 mistake	 the	 alarmist	 stories	 make	 is	 ignoring	 the	 reality	 of
adaptation.	For	generations,	farmers	have	adapted,	and	will	continue	to	do	so.	If
you	 assume	 that	 a	 wheat	 farmer	 in	 today’s	 warm	 countries	 will	 naively	 and
robotically	 continue	 to	 plant	 wheat	 even	 as	 temperatures	 rise,	 then	 significant
reductions	 in	 yield	 are	 inevitable.	 But	 in	 any	 real-life	 scenario,	 over	 the	 next
eighty	years	 farmers,	 their	 children,	 and	grandchildren	will	 start	 to	 tinker	with
earlier	 sowing,	 adapt	 to	 different	wheat	 varieties,	 and	might	 eventually	 switch
entirely	to	crops	that	fare	better	in	hotter	weather.

At	the	same	time,	more	wheat	farming	will	take	place	farther	north	in	cooler



areas.	 One	 study	 shows	 that	 when	 researchers	 ignore	 such	 adaptive	 measures
undertaken	in	the	rich	world,	their	yield	predictions	are	fifteen	percentage	points
too	pessimistic.9

So,	when	we	account	for	 these	errors,	what	will	be	 the	 total	cost	of	climate
change	on	agriculture?	The	biggest	study	showing	the	total	GDP	impact	is	based
on	1.7	million	fields	growing	the	ten	most	important	crops.	The	2016	study	uses
the	 differences	 in	 these	 many	 fields	 to	 most	 accurately	 assess	 how	 changing
temperatures	will	 change	output	and	encourage	adaptation.	 It	 also	 incorporates
carbon	dioxide	fertilization.	Crucially,	 it	 includes	agricultural	 trade,	which	will
reduce	 impacts	 because	 more	 food	 will	 be	 produced	 in	 high	 latitudes	 and
exported	to	low	latitudes.10

The	 full	 study	 concludes	 that	 the	 total	 average	 global	 cost	 will	 be	 0.26
percent	of	GDP	by	the	end	of	the	century.	While	we	still	will	end	up	producing
much	more	food	for	the	world,	global	warming	will	mean	we	have	to	produce	it
with	more	effort	and	with	more	trade,	overall	leaving	us	less	well	off,	at	about	a
quarter	of	a	percent	of	global	GDP.	And	actually,	this	is	in	a	worst-case	scenario
with	 very	 high	 warming;	 with	 less	 extreme	 warming	 the	 costs	 end	 up	 much
closer	to	zero,	and	in	three	of	eleven	scenarios	explored	by	the	researchers	there
would	actually	be	benefits	of	up	to	0.15	percent	of	GDP.11

This	kind	of	study	doesn’t	give	a	great,	worst-case	headline	that	can	bounce
around	 the	 world.	 But	 it	 does	 give	 us	 a	 good	 sense	 of	 the	 size	 of	 the	 total
problem.

One	 of	 the	 reasons	why	 the	 impact	 of	 global	warming	 on	 agriculture	 is	 so
slight	is	that	agriculture	isn’t	a	huge	part	of	the	world	economy	anymore.	In	the
part	 of	 today’s	 world	 that	 is	 rich,	 agriculture	 makes	 up	 an	 ever	 smaller
proportion	of	 the	economy.	 In	 the	United	States,	agriculture	employed	perhaps
80	percent	of	 the	workforce	in	1800,	and	it	was	responsible	for	more	than	half
the	 net	 worth	 of	 the	 economy.	 Today,	 it	 employs	 1.3	 percent	 and	 produces	 1
percent	of	the	economy.	As	countries	get	rich,	an	ever	smaller	proportion	of	the
workforce	 produces	more	 food,	while	 everyone	 else	 is	 freed	 to	 produce	 other
goods	and	services.	Even	if	we	will	have	to	use	significantly	more	resources	to
grow	 the	 same	 amount	 of	 food	 later	 in	 this	 century,	 it	 will	 be	 a	 significant
amount	of	a	very	small	part	of	the	economy.12

The	poorer	world	 is	 undergoing	 the	 same	 transition	 that	 the	 rich	world	has
experienced.	 In	 1991,	 more	 than	 half	 the	 workforce	 in	 the	 low-	 and	 middle-
income	 world	 was	 engaged	 in	 agriculture	 and	 responsible	 for	 more	 than	 18
percent	 of	 the	 economy.	Today,	 only	 a	 third	 of	 the	workforce	 produces	much



more	 food,	 but	 because	 the	 total	 economy	 has	 grown	 even	more,	 agricultural
output	accounts	for	only	8	percent	of	the	economy.13

Climate	 causes	 only	 a	 0.26	 percent	 reduction	 in	 GDP	 by	 the	 end	 of	 the
century	because	it	affects	this	ever	smaller	part	of	the	economy.	That	serves	to
underscore	how	it	 is	possible	 for	 the	 total	 impact	of	climate	across	all	areas	 to
add	 up	 to	 less	 than	 3	 percent	 of	 global	 GDP,	 as	 Nordhaus’s	 and	many	 other
studies	show.

IT’S	NATURAL	TO	ASK	at	this	point,	what	about	the	scary	scenarios	that	the
researchers	haven’t	 thought	of?	As	we	have	seen,	economists	have	studied	lots
of	different	climate	impacts	very	specifically.	But	it’s	sensible	to	wonder,	what	if
we’re	still	missing	something?	It’s	impossible,	of	course,	for	any	damage	model,
even	the	most	sophisticated	one,	to	include	every	single	possible	climate	impact.
It	stands	to	reason	that	sectors	most	likely	to	suffer	the	most	expensive	damage
have	 been	 studied	 and	 modeled,	 but	 there	 could	 be	 omissions	 that	 make	 the
estimates	too	low.

FIGURE	5.2	Impact	of	temperature	rise	with	unquantified	costs
accounted	for.	Same	graph	as	figure	5.1,	showing	the	total	impact	in
percentage	of	GDP	of	a	given	temperature	rise.	To	reflect	unquantified

costs,	the	adjusted	best	estimate	has	added	25	percent	in	costs.14

So,	 to	account	 for	any	omitted	damages,	Nordhaus	has	added	25	percent	 to
each	damage	estimate	 to	 take	account	of	possibly	omitted	damages	 (see	 figure
5.2).	While	this	addition	is	consistent	with	those	used	in	other	studies,	it	is	still



something	of	a	judgment	call,	since	it	essentially	puts	a	price	tag	on	what	hasn’t
been	analyzed.15

Accounting	for	these	additional	costs,	a	temperature	increase	of	7.2°F	around
the	end	of	the	century	would	mean	a	reduction	in	global	GDP	of	about	4	percent
(actually	 3.64	 percent,	 but	 let’s	 just	 call	 it	 4	 percent),	 as	 compared	 to	 the	 2.9
percent	reduction	projected	without	the	added	costs.

HOW	TRUSTWORTHY	 IS	 the	 estimate,	 though?	Couldn’t	 there	 be	 some	big
and	incredibly	costly	catastrophe	lurking	in	the	shadows?

Probably	not.
One	possible	catastrophe	that	people	often	bring	up	is	 the	complete	melting

of	 the	 Greenland	 ice	 sheet.	 If	 it	 happened	 within	 a	 lifetime,	 that	 would	 be
catastrophic.	However,	 the	UN	climate	panel	 finds	 that	 even	with	a	very	 large
amount	of	heat,	it	will	take	a	millennium	or	more	to	melt	all	of	Greenland’s	ice.
Studies	 indicate	 that	even	in	the	absence	of	climate	policy,	60	to	70	percent	of
the	 Greenland	 ice	 sheet	 would	 be	 around	 in	 a	 thousand	 years.	 And	 if
temperatures	 went	 back	 down	 over	 the	 next	 centuries,	 it	 is	 likely	 much	 of
Greenland	 would	 regrow.	 That	 is	 why	 a	 2019	 study	 by	 Professor	 Nordhaus
shows	 that	 even	 in	 a	 worst-case,	 high-temperature	 scenario,	 the	 increased
melting	 of	 Greenland	 would	 have	 a	 rather	 trivial	 impact	 by	 the	 end	 of	 the
century,	at	0.012	percent	of	GDP.16

Another	serious	concern	often	raised	is	ocean	acidification.	The	cost	of	ocean
acidification	is	not	included	in	any	of	the	computer	models	that	create	estimates
of	 the	 costs	 of	 global	 warming.	 The	 basic	 problem	 comes	 from	 the	 earth’s
oceans	taking	up	carbon	dioxide	from	the	atmosphere,	making	them	more	acidic.
Acidification	hurts	marine	organisms	 that	build	 their	 shells	and	skeletons	 from
calcium	carbonate.17

Economists	 have	 tried	 to	 estimate	 the	 impact	 of	 acidification	 by	 exploring
what	 would	 happen	 in	 a	 worst-case	 scenario.	 Here	 they	 model	 a	 complete
collapse	 of	 fishing	 of	 wild	 fish	 from	 the	 oceans,	 both	 for	 commercial,
recreational,	 and	 subsistence	 fishermen	 by	 2020.	 Moreover,	 they	 imagine	 a
complete	loss	of	tourism	and	recreation	from	coral	reefs.18

This	scenario	sounds	devastating,	although	it	would	not	spell	the	end	of	fish
consumption.	Remember,	two-thirds	of	the	total,	global	value	of	fish	is	already
produced	in	aquaculture,	where	increasing	acidification	would	have	close	to	zero
impact.	Yet,	 the	 loss	 of	 ocean	 fisheries,	 recreational	 and	 subsistence	 fisheries,
and	 all	 coral	 reef	 tourism	and	 recreation	 is	 clearly	 significant.	The	 researchers



estimate	 the	worst-case	cost	of	 this	complete	collapse	at	$301	billion	by	2200.
With	middle-of-the-road	estimates	of	economic	growth,	this	translates	into	a	loss
of	0.0075	percent	of	global	GDP	by	then.

We	 need	 to	 bear	 in	 mind,	 as	 we	 are	 using	 Nordhaus’s	 estimates,	 that	 he
already	added	a	significant	buffer	of	25	percent	to	include	any	major	uncounted
costs.	This	led	to	our	expected	global	cost	increasing	from	2.9	percent	of	GDP	to
3.64	percent	at	7.2°F,	a	difference	of	0.73	percentage	points.	It’s	clear	that	this
increase	 is	 much,	 much	 higher	 than	 the	 combined	 century-wide	 costs	 of	 the
collapse	of	the	Greenland	ice	sheet	and	the	total	collapse	of	marine	fisheries	and
coral	reef	tourism	from	acidification.	And	the	buffer	is	large	enough	to	account
for	many	other	costs	that	have	potentially	been	left	out.	Indeed,	this	buffer	could
accommodate	 a	 hundred	 different	 impacts,	 each	 as	 large	 as	 the	 worst-case
complete	loss	of	marine	fisheries	and	coral	reef	tourism	in	2200.

WE	 HAVE	 FOLLOWED	 the	 UN’s	 overview	 of	 the	 costs	 of	 climate	 change
impacts	across	different	temperatures,	and	used	the	best	estimate	from	Professor
Nordhaus,	and	we	have	even	added	25	percent	to	that.	This	has	given	us	the	best
available	estimate	of	the	total	costs	of	climate	change	at	about	4	percent	of	GDP
by	2100.	This	estimate	is	actually	larger	than	the	one	provided	by	the	2018	UN
climate	 panel	 report—the	 report	 that	 everyone	 uses	 to	 argue	 that	 we	 have	 a
deadline	of	2030	 to	act	 to	prevent	climate	change.	This	 report	estimates	 that	 if
we	do	nothing,	the	cost	of	global	warming	will	reach	2.6	percent	of	global	GDP
by	2100.219

When	 confronted	 with	 this	 economic	 consensus	 on	 the	 costs	 of	 climate
change,	many	climate	campaigners	often	indignantly	claim	that	the	“real	costs”
must	be	much	higher.	Yet,	when	you	examine	the	arguments	 they	use	 to	make
this	 case,	 they	 are	 almost	 always	 based	 on	 studies	 or	 models	 that	 leave	 out
adaptation,	carbon	dioxide	fertilization,	the	expanding	bull’s-eye	effect,	and	the
many	other	factors	we	have	looked	at	in	this	and	the	preceding	chapters.20

The	 economists’	 work	 is	 comprehensive	 and,	 in	 the	 case	 of	 Professor
Nordhaus,	 deserving	 of	 the	 Nobel	 economics	 prize.	 But	 it	 is	 obvious	 that
predicting	a	cost	centuries	into	the	future	with	exactitude	is	impossible.	What	is
most	 important	 is	 that	while	 the	cost	may	end	up	at	3.5,	4.0,	or	4.5	percent	 in
2100,	it’s	unlikely	to	be	0.01	percent	or	45	percent	of	GDP.

We	 should	 take	 this	 figure	 of	 4	 percent,	 then,	 as	 a	 guide,	which	 is	 exactly
what	we	will	do	in	the	chapters	coming	up,	where	we	contrast	the	cost	of	climate
change	with	the	cost	of	climate	change	policy.



Footnotes

2	Neither	the	UN	climate	panel	report	nor	the	Nordhaus	estimate	fully	incorporates	the	fact	that	as	we	get
richer,	we	 get	 less	 vulnerable.	One	 good	 example	 is	 that	 as	 incomes	 rise	 to	 a	 certain	 level,	malaria	 gets
eradicated	because	society	can	afford	 to	 invest	 in	serious	 levels	of	prevention.	Regardless	of	 temperature
rises,	malaria	is	simply	no	longer	a	threat,	as	we	see	in,	for	example,	rich	Singapore.	This	suggests	that	the
2.6	 percent	 and	 the	 4	 percent	 (if	 we	 factor	 in	 the	 25	 percent	 buffer)	 are	 an	 overestimate	 rather	 than	 an
underestimate.
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YOU	CAN’T	FIX	CLIMATE	CHANGE

AROUND	 THE	 PLANET,	 well-meaning	 people	 are	 making	 a	 myriad	 of
lifestyle	 changes	 to	 reduce	 their	 carbon	 dioxide	 emissions.	 Individuals	 and
companies	 are	 spending	 hundreds	 of	 millions	 of	 dollars	 annually	 on	 “carbon
offsets”	 and	 other	 measures.	 Taxpayers	 are,	 through	 regulation	 and	 subsidies,
collectively	 spending	hundreds	of	billions	of	dollars	annually	 to	encourage	 the
use	 of	 today’s	 alternative	 energy	 technologies,	 such	 as	 electric	 cars	 and	 solar
panels.	Soon,	we	will	start	spending	trillions	or	even	tens	of	 trillions	of	dollars
every	year	in	an	effort	to	convert	the	modern	economy	to	green	energy	sources.

Yet,	 all	 of	 these	 efforts	 are	 failing.	 If	 climate	 policies	 worked,	 then	 the
amount	of	carbon	dioxide	we	emit	for	every	unit	of	energy	produced,	so-called
carbon	intensity,	should	be	declining.	But	it	is	not.

Despite	 dozens	 of	 climate	 summits,	 and	 despite	 global	 climate	 agreements
struck	in	Kyoto	and	Paris,	carbon	intensity	has	increased	ever	since	nations	first
made	commitments	to	rein	in	climate	change	at	the	1992	Earth	Summit	in	Rio	de
Janeiro.	Carbon	intensity	is	at	a	higher	level	than	ever	before.1

Not	 only	 does	 each	 unit	 of	 energy	 emit	 ever	more	 carbon	 dioxide,	 but	 the
world	also	uses	more	and	more	energy.	As	a	result,	total	carbon	emissions	keep
rising.	Since	1992,	humanity	has	emitted	more	carbon	dioxide	than	in	all	history
before	 then.	 Emissions	 will	 likely	 keep	 increasing	 in	 the	 coming	 decades,	 as
more	poor	countries	clamber	out	of	poverty.2

The	last	decade	has	seen	more	focus	on	climate	change	than	ever	before.	Yet
despite	 this,	we	 are	not	 achieving	 anything.	 In	 a	 surprisingly	honest	 review	of
climate	 policies,	 the	 United	 Nations	 revealed	 that	 the	 last	 decade	 of	 climate
policies	has	achieved	a	sum	total	of	nothing.3

It’s	 clear	 that	 the	 current	 approach	 to	 climate	 change	 is	 not	 working.	 But



before	talking	about	what	we	should	do	instead,	we	first	need	to	understand	why
we’re	 failing.	 Over	 the	 next	 five	 chapters,	 we	 will	 explore	 why	 our	 current
efforts	achieve	so	little.	We’ll	begin	with	the	first	great	myth	of	climate	activism:
that	individuals	can	make	a	significant	difference.

IF	YOU’RE	CONCERNED	about	global	warming—and	really,	who	isn’t?—you
know	that	you	should	recycle,	eat	less	meat	(or	maybe	none	at	all),	take	public
transportation	more	and	drive	less,	and	carry	your	groceries	in	recyclable	bags.
As	Blue	Planet	host	David	Attenborough	puts	it,	every	single	one	of	the	planet’s
seven	billion	inhabitants	“must	play	their	part”	against	global	warming	and	take
“simple	everyday	actions.”4

We	live	in	a	world	where	Prince	Harry	and	Meghan,	duchess	of	Sussex,	are
castigated	for	flying	on	private	planes	while	Swedish	activist	Greta	Thunberg	is
hailed	for	 taking	a	wind-	and	solar-powered	boat	from	Europe	to	New	York	to
attend	a	climate	conference.	(She	was	later	subjected	to	sneering	headlines	when
it	 turned	out	 the	 trip	 increased	carbon	emissions	because	crew	needed	to	fly	 to
New	York	to	sail	it	back.)	The	personal	has	become	highly	political.	People	are
worried	 about	 climate	 change,	 and	 they	 want	 to	 help	 solve	 the	 problem.	 The
intentions	are	noble	ones.	The	problem	is	that	 the	changes	we	can	make	to	our
personal	lifestyle	and	habits	at	best	make	only	a	tiny	difference.

Asked	what	personal	action	he	would	take	to	prevent	global	warming,	David
Attenborough	once	 promised	 to	 unplug	 his	mobile	 phone	 charger	when	 not	 in
use.	The	logic	makes	sense:	he	would	save	on	electricity,	which	is	mostly	fossil
fuel	powered.	But	if	he	remembers	to	do	this	consistently	throughout	the	entire
year,	 he	 will	 cut	 just	 seven	 pounds	 of	 CO2	 each	 year,	 less	 than	 half	 of	 one-
thousandth	 of	 the	 average	 emissions	 for	 a	 single	 person	 from	 the	 United
Kingdom.	And	if	the	goal	is	to	reduce	the	emissions	caused	by	a	mobile	phone,
focusing	 on	 this	 trivial	 personal	 action	 means	 we	 miss	 the	 bigger	 picture.
Charging	makes	up	less	than	one	percent	of	a	phone’s	energy	needs.	The	other
99	percent	comes	from	manufacturing	the	phone	and	operating	data	centers	and
cell	towers.5

Seven	pounds	of	carbon	dioxide	per	year	is	hard	to	comprehend.	One	simple
way	 that	we	 can	 get	 a	 sense	 of	 the	 scale	 of	 the	 effects	 of	 different	 cuts	 is	 by
using	 the	 carbon	 trading	 system.	 The	 RGGI,	 or	 “Reggie,”	 is	 a	 carbon-trading
marketplace	 covering	 the	 northeastern	 United	 States.	 It	 is	 just	 one	 of	 many
around	the	world,	but	the	first	and	biggest	in	the	US.6

The	RGGI	puts	a	cap	on	the	amount	of	carbon	dioxide	that	large,	fossil-fuel-



run	power	plants	can	emit	in	the	region.	Then	it	allows	emittance	authorizations
to	be	bought	and	sold.	 It	costs	about	$6	 to	buy	an	authorization	for	one	 ton	of
carbon	dioxide.	 If	 you	buy	 an	 authorization,	 it	means	 there’s	 one	 ton	 less	 that
power	plants	can	purchase.	If	you	don’t	use	the	authorization,	that	means	all	the
power	plants,	 between	 them,	need	 to	 find	 a	way	 to	 emit	 one	 ton	 less	 over	 the
next	year.	Essentially,	you’ve	spent	$6	and	reduced	global	emissions	by	one	ton.

The	RGGI	puts	the	actions	of	individuals	in	perspective.	It	gives	us	a	sense,
for	instance,	of	the	scale	of	the	impact	of	Attenborough’s	promise.	Cutting	seven
pounds	 of	 carbon	 dioxide	 would	 cost	 a	 little	 less	 than	 2¢	 on	 the	 RGGI.
Attenborough	might	as	well	have	just	donated	2¢	to	the	climate	cause.

SADLY,	THE	VAST	MAJORITY	of	the	actions	individuals	can	take	in	service
of	reducing	emissions,	and	certainly	all	those	that	are	achievable	without	entirely
disrupting	everyday	life,	will	make	little	practical	difference.	That’s	true	even	if
all	of	us	do	them.	The	UK’s	former	chief	climate	science	advisor,	the	late	David
MacKay,	once	wrote	of	carbon-cutting	efforts:	“Don’t	be	distracted	by	the	myth
that	‘every	little	helps.’	If	everyone	does	a	little,	we’ll	achieve	only	a	little.”7

Three	central	challenges	emerge	when	we	try	to	cut	our	personal	emissions.
The	first,	as	we	saw	in	the	case	of	Attenborough’s	mobile	phone,	is	that	cuts	are
typically	 small.	 The	 second	 is	 that	 we	 almost	 always	 save	 money.	 This	 is	 a
problem	because	of	a	well-established	phenomenon	called	the	“rebound	effect.”
When	 we	 save	 some	 cash	 by	 being	 more	 efficient,	 we	 spend	 the	 savings
elsewhere	in	ways	that	lead	to	more	emissions.

Let’s	 take	 the	 example	of	 reducing	 food	waste.	 In	 theory,	 if	we	 reduce	 the
amount	of	food	we	buy,	 less	food	will	need	to	be	produced,	which	will	 reduce
agricultural	emissions.	But	it	will	also	have	the	happy	effect	of	saving	us	money.
The	problem	is	 that	we	will	 spend	 that	money	on	other	 things,	many	of	which
will	 produce	 emissions,	 like	 an	 extra	 vacation.	 In	 one	 2018	 study,	Norwegian
researchers	 found	 that	 realistically,	 the	 money	 saved	 from	 cutting	 food	 waste
will	 be	 spent	 on	 other	 goods	 that	 will	 emit	 so	 much	 carbon	 dioxide	 that	 the
original	emissions	savings	will	be	entirely	canceled.8

In	 many	 cases,	 the	 rebound	 effect	 doesn’t	 swamp	 the	 entire	 effort;	 car
pooling,	 for	 example,	 will	 actually	 reduce	 emissions,	 with	 the	 cost	 savings
leading	only	to	32	percent	of	the	reduction	being	lost.	Sometimes,	however,	the
rebound	 effect	 leaves	 us	 worse	 off	 overall.	 For	 instance,	 walking	 instead	 of
taking	the	train	means	we	emit	much	more	carbon	dioxide,	because	trains	aren’t
big	 emitters,	 and	 we	 save	 a	 lot	 of	 money	 that	 we	 spend	 on	 other	 things.



Generally,	when	 researchers	 have	 studied	 the	 rebound	 effect	 across	 a	 range	of
activities,	they	estimate	that	59	percent	of	the	emissions	savings	from	“virtuous”
behavior	are	lost	to	the	rebound	effect.9

A	 third	 problem	with	 restricting	 our	 behavior	 for	 environmental	 reasons	 is
that	as	in	many	areas	of	life,	when	we	do	something	“good,”	we	allow	ourselves
to	 do	 something	 “bad”	 as	 a	 reward.	 This	 tendency	 is	 known	 as	 “moral
licensing.”	 This	 pattern	 may	 be	 familiar	 to	 anyone	 who	 has	 struggled	 with
dieting.	If	you’re	making	good	progress	on	your	diet,	you’re	much	more	likely	to
choose	a	chocolate	bar	over	an	apple	as	a	snack	than	someone	who	is	struggling
with	 their	 diet.	 This	 effect	 is	 copiously	 documented	 when	 it	 comes	 to
environmentally	friendly	behavior.	People	who	have	just	donated	to	a	charity	are
less	 likely	 to	behave	in	an	environmentally	friendly	way	afterward.	Those	who
have	reduced	their	water	consumption	through	an	awareness	campaign	use	more
electricity	 instead.	 One	 study	 of	 shopping	 behavior	 shows	 that	 the	 more
consumers	purchase	energy-saving	 lightbulbs,	use	eco-bags,	or	 reuse	 their	own
bags,	 the	 more	 likely	 their	 weekly	 shopping	 is	 to	 contain	 meat	 and	 bottled
water.10

I	was	once	invited	to	participate	in	a	debate	with	politicians	and	a	journalist
whom	the	BBC	dubbed	“Ethical	Man.”	This	man	had	just	spent	twelve	months
documenting	how	he	and	his	family	had	cut	their	carbon	dioxide	emissions.	He
insulated	the	house,	sold	the	car,	cut	out	meat,	and	even	looked	into	ecological
burials	(although	nobody	died).	In	total,	his	family	managed	to	cut	emissions	by
around	20	percent,	at	a	high	personal	and	financial	cost.	What	was	most	striking
to	 me	 about	 Ethical	 Man	 was	 that	 when	 he	 finished	 his	 year’s	 hard	 slog,	 to
celebrate	 he	 purchased	 tickets	 to	 take	 the	 whole	 family	 to	 South	 America,
blowing	his	family’s	entire	carbon	dioxide	savings.11

VEGETARIANISM	HAS	BECOME	 a	major	 subject	 in	 the	 climate	wars.	 The
idea	that	if	you	care	about	the	environment	you	should	eat	less	meat	has	become
commonplace	in	the	West,	and	vegetarianism	is	on	the	rise.	Christiana	Figueres,
a	global	climate	campaigner	and	former	leader	of	the	UN’s	climate	change	body,
even	suggested:	“How	about	restaurants	in	10–15	years	start	treating	carnivores
in	the	same	way	that	smokers	are	treated?	If	they	want	to	eat	meat,	they	can	do	it
outside	the	restaurant.”12

I’ve	been	a	vegetarian	 for	 ethical	 reasons	 since	 I	was	eleven,	 and	 I	believe
everyone	should	make	up	their	own	minds	about	whether	or	not	they	eat	meat.
But	 we	 should	 be	 honest	 about	 what	 it	 will	 achieve.	 That’s	 especially	 true



because	going	vegetarian	is	actually	quite	difficult;	one	large	US	survey	shows
that	84	percent	of	people	who	decide	to	become	vegetarians	end	up	failing,	with
most	failing	within	a	year.13

At	 a	 global	 level,	 of	 course,	 exhorting	 everyone	 to	 become	 vegetarian	 is
callously	ethnocentric.	Right	now,	the	world	has	1.5	billion	vegetarians,	but	only
75	million	like	me	are	vegetarians	by	choice.	Most	are	vegetarians	because	they
just	can’t	afford	meat,	and	as	they	move	out	of	poverty,	they	will	likely	eat	more
and	more	meat.14

But	 if	 you	 actually	 stopped	 eating	 meat,	 how	 much	 would	 you	 achieve?
Campaigners	for	“climate-friendly	diets”	rely	on	cherry-picked	factoids	to	make
the	 effects	 sound	 impressive.	 Many	 credulous	 news	 outlets	 suggest	 that
eliminating	meat	from	your	diet	can	reduce	your	personal	carbon	emissions	by
50	percent	or	more.	That’s	massive,	but	also	massively	misleading.	This	level	of
reduction	 is	 achieved	 only	 by	 people	 who	 go	 entirely	 vegan.	 That	 means
completely	avoiding	all	animal	products,	including	not	just	meat	but	milk,	eggs,
honey,	poultry,	seafood,	fur,	leather,	wool,	and	gelatin.	It	is	suggested	by	other
news	outlets	that	vegetarians	achieve	about	half	this	figure.15

Regardless,	 the	 numbers	 remain	 massive	 exaggerations:	 vegans	 don’t
eliminate	50	percent	of	their	personal	emissions,	and	vegetarians	don’t	cut	20	to
35	 percent	 of	 theirs.	 They	 cut	 only	 that	 percentage	 of	 their	 food-related
emissions.	 And	 food-related	 emissions	 represent	 only	 a	 small	 fraction	 of	 an
individual’s	total	emissions.16

A	thorough,	systematic	analysis	shows	that	eliminating	meat	from	your	diet
will	reduce	your	personal	emissions	by	the	equivalent	of	1,191	pounds	of	carbon
dioxide	per	year.	For	the	average	person	in	the	industrialized	world,	that	means
an	emissions	cut	of	just	4.3	percent.17

We	have	gone	from	claims	of	a	50	percent	cut	in	emissions	all	the	way	to	less
than	 one-tenth	 of	 that.	 But	 there’s	 more,	 because	 we	 need	 to	 allow	 for	 the
rebound	 effect.	 Vegetarian	 diets	 are	 slightly	 cheaper:	 in	 the	 United	 States,
vegetarians	 save	 about	 7	 percent,	 in	 Sweden	 about	 10	 percent,	 and	 in	 the	UK
about	 15	 percent	 of	 their	 food	 budgets.	 Spending	 that	 extra	 money	 on	 other
goods	and	services	means	the	rebound	effect	likely	cuts	around	half	of	the	saved
carbon	emissions	accrued	from	going	vegetarian.18

So	if	you’re	living	in	a	rich	country,	going	entirely	vegetarian	for	the	rest	of
your	life	will	reduce	your	total	personal	emissions	by	about	2	percent.	You	could
achieve	a	 similar	emissions	 reduction	by	eating	anything	you	want	and	paying
$1.50	each	year	on	the	RGGI	trading	system.19



Trying	to	save	the	world	by	giving	up	meat	or	unplugging	our	cell	phones	is
ultimately	misguided,	and	it	distracts	us	from	doing	things	that	could	make	a	real
difference.	If	we	want	to	improve	the	carbon	efficiency	of	our	food	supply,	one
obvious	 approach	 would	 be	 to	 spend	 more	 on	 research	 and	 development	 for
artificial	meat.	If	this	could	be	as	good	as	the	real	stuff	(some	would	say	we’re
already	 there)	 there	 are	 huge	 opportunities	 to	 cut	 emissions.	 Artificial	 meat
generates	up	to	96	percent	fewer	greenhouse	gases	than	conventionally	produced
meat.	 A	 perfect	 meat	 substitute	 would	 be	 an	 obvious	 win	 because	 it	 doesn’t
require	people	 to	 give	up	 something	 they	 like.	People	 could	 continue	 to	 enjoy
their	“meat,”	but	with	just	4	percent	of	the	emissions.	And	I	would	be	able	to	eat
burgers	again.20

ELECTRIC	 CARS	 ARE	 marketed	 as	 another	 great	 way	 to	 reduce	 carbon
emissions.	 But	 most	 drivers	 are	 reluctant	 to	 switch	 because	 electric	 cars	 are
substantially	 more	 expensive	 and	 the	 need	 for	 recharging	 leads	 to	 “range
anxiety”—“Can	I	make	it	to	the	next	charging	station?”	That	is	why	across	the
United	 States	 and	 around	 the	 world,	 lavish	 subsidies	 are	 the	 norm.	 When
governments	 removed	 this	 support,	 for	 instance	 in	Denmark	 and	Hong	Kong,
sales	plummeted	to	nearly	nothing.

Replacing	 your	 current	 car	 with	 an	 electric	 car	 won’t	 lead	 to	 dramatic
emissions	 cuts,	 alas.	 The	 International	 Energy	 Agency	 makes	 a	 comparison
between	 a	 standard	 gasoline-powered	 car	 and	 an	 electric	 one.	 The	 gasoline-
powered	car	emits	 thirty-four	 tons	of	carbon	dioxide	over	 its	 ten-year	 lifetime,
including	production	and	disposal.	At	first	glance,	an	electric	car	would	seem	to
eliminate	all	the	emissions.	They	are	certainly	sold	as	having	“zero	emissions,”
but	that	is	true	only	while	it’s	being	driven.21

Yet,	in	many	parts	of	the	world,	electric	cars	are	reliant	on	electricity	largely
produced	 from	 fossil	 fuels.	And	 their	 production	 is	 also	 actually	more	 energy
intensive	 than	 that	of	a	gasoline-powered	car,	especially	 the	battery.	Since	 this
production	 is	 also	 typically	 reliant	 on	 fossil	 fuels,	 an	 electric	 car	 is	 actually
responsible	 for	 lots	 of	 carbon	 dioxide	 emissions	 over	 its	 lifetime.	 Across	 the
world,	an	electric	car	with	a	reasonably	long	range	will	on	average	emit	twenty-
six	 tons	 over	 its	 lifetime.	 So,	 switching	 from	 a	 gasoline-powered	 car	 emitting
thirty-four	tons	of	carbon	dioxide	to	a	comparable	electric	car	that	emits	twenty-
six	 tons	doesn’t	 eliminate	 emissions;	 it	 cuts	 them	by	24	percent,	 leaving	more
than	three-quarters	in	place.22

Emissions,	 of	 course,	 aren’t	 the	 only	 cause	 of	 damage	 caused	 by	 driving.



Driving	 creates	 lots	 of	 problems,	 ranging	 from	 noise	 pollution	 to	 lethal
accidents.	Figure	6.1	shows	the	European	Union’s	latest	estimate	of	the	cost	of
all	damages	caused	by	driving,	which	 is	 calculated	 to	be	almost	20¢	 for	every
mile	driven.

Notice	that	climate	damages	are	a	small	part	of	the	total	damages.	Of	course,
the	electric	car	will	be	a	bit	better	than	a	standard	car	on	this	measure.	Electric
cars	also	make	less	noise,	which	is	about	5	percent	of	the	total	damage	caused	by
driving,	but	nevertheless	a	measure	on	which	electric	cars	outperform	standard
ones.

FIGURE	6.1	Damage	costs	of	driving	a	gasoline-powered	car	one	mile,
per	person.	(Notice	the	climate	impact	is	likely	vastly	exaggerated.)23

Air	pollution	has	an	impact	of	6	percent	and,	surprisingly,	more	electric	cars
can	mean	more	air	pollution.	 If	you	have	plenty	of	hydropower	as	 in	Norway,
replacing	gasoline	with	electric	power	can	improve	air	quality,	but	in	places	with
significant	 coal-powered	 electricity	 generation,	 including	 parts	 of	 the	 United
States,	more	electric	cars	mean	more	air	pollution.24

China,	 the	 world’s	 biggest	 electric	 car	 market,	 has	 so	 many	 coal-powered
plants	that	electric	cars	worsen	local	air,	with	lethal	consequences.	It	is	estimated
that	in	Shanghai,	pollution	from	an	additional	million	electric-powered	vehicles
would	kill	nearly	 three	 times	as	many	people	annually	as	an	additional	million
gasoline-powered	cars.25

But	pollution	isn’t	the	most	significant	cost	when	it	comes	to	cars.	About	80
percent	of	the	damage	cars	cause	overall	comes	from	accidents	and	congestion.
For	these	effects,	it	makes	no	difference	if	a	driver	is	in	a	Tesla	or	a	BMW.	All



of	which	is	to	say	that	buying,	or	subsidizing,	electric	cars	doesn’t	help	with	the
biggest	social	problems	with	cars,	and	it	is	certainly	not	a	good	investment	from
a	 climate	 standpoint.	Look	 at	 the	 costs	we	 pay.	The	 average	 subsidy	 spent	 on
electric	 cars	 globally	 is	 about	 $10,000	 per	 car.	 Each	 car	 saves	 eight	 tons	 of
carbon	dioxide	over	its	lifetime,	a	reduction	you	could	buy	on	the	RGGI	market
for	just	$48.26

And	the	impact	will	be	minimal.	The	International	Energy	Agency	hopes	we
can	 reach	 130	million	 electric	 cars	 by	 2030,	 a	 breathtaking	 expectation	 given
that	we	 have	 spent	 decades	 and	 billions	 of	 dollars	 in	 subsidies	 to	 reach	 just	 5
million.	Even	 if	we	could	do	 that,	 it	would	 cut	 a	 trifling	0.4	percent	of	global
emissions	by	2030.	Electric	cars	will	be	part	of	our	future	solution	to	 transport
needs,	but	they	are	not	about	to	solve	climate	change.27

AIRPLANES	 HAVE	 BECOME	 another	 battleground	 in	 the	 climate	 wars.
Because	 of	 the	 large	 carbon	 footprint	 of	 air	 travel,	 environmental	 groups	 are
increasingly	 pushing	 to	 make	 us	 feel	 “flight	 shame”—guilt	 for	 the	 carbon
emissions	produced	anytime	we	fly.28

This	is	a	troubling	movement.	There	has	been	a	tremendous	democratization
of	air	travel	in	recent	decades.	Whereas	flying	was	for	many	years	the	preserve
of	the	ultrarich,	now	most	people	in	developed	countries	have	the	opportunity	to
travel.	 But	 the	 vast	 majority	 of	 people	 on	 the	 planet	 have	 still	 never	 taken	 a
single	flight—at	least	80	percent,	according	to	Boeing.	In	India,	where	some	150
million	people	live	in	poverty,	only	2	percent	of	the	population	has	ever	boarded
an	aircraft.29

Flights	are	not	only	for	leisure;	they	allow	the	flow	of	expertise	and	labor,	let
us	 solve	 medical	 emergencies,	 provide	 disaster	 relief,	 help	 us	 to	 learn	 about
other	 cultures,	 and	 connect	 us	 with	 loved	 ones.	 Even	 if	 we	 were	 willing	 to
sacrifice	 all	 of	 these	 things,	 staying	off	 airplanes	would	not	 have	 the	dramatic
impact	on	climate	change	we	might	imagine.	Even	if	every	single	one	of	the	4.5
billion	people	getting	on	any	flight	this	year	stayed	on	the	ground,	and	the	same
happened	every	year	until	 2100,	 the	 rise	 in	 temperatures	would	be	 reduced	by
just	 0.05°F,	 equivalent	 to	 delaying	 climate	 change	 by	 less	 than	 one	 year	 by
2100.30

What’s	more,	at	a	personal	 level	 there’s	a	huge	rebound	effect.	Researchers
found	 that	 about	 22	 percent	 of	 the	 climate	 change	 benefits	 from	 canceling	 a
personal	 holiday	 flight	 are	 undone,	 because	 the	 saved	 money	 is	 spent	 on
activities	 that	 create	 emissions.	 And	 the	 rebound	 effect	 from	 canceling	 a



business	flight	is	159	percent,	meaning	that	the	climate	impact	actually	increases
with	 each	 canceled	 flight.	 (The	 rebound	 effect	 has	 much	 more	 dramatic
implications	 for	 a	 business-class	 seat	 because	 the	 ticket	 is	 so	 much	 more
expensive,	while	the	carbon	footprint	is	only	slightly	higher	than	in	the	cheaper
cabins.)	 Thinking	 of	 saving	 on	 emissions	 by	 taking	 a	 cruise?	 Sorry,	 there	 is
evidence	that	cruise	ships	are	more	environmentally	damaging	than	planes.31

Instead	 of	 telling	 people	 not	 to	 fly	 on	 airplanes,	 we	 should	 focus	 on	 the
carbon	efficiency	of	those	airplanes.	Adaptation	is	already	occurring:	each	new
generation	of	aircraft	is	on	average	20	percent	more	fuel	efficient	than	the	model
it	 replaces.	 Over	 the	 next	 decade,	 airlines	 will	 invest	 $1.3	 trillion	 in	 new
planes.32

Research	 is	 also	 under	 way	 on	 creating	 more	 sustainable	 fuels,	 including
those	produced	by	domestic	and	industrial	waste.	The	overall	carbon	footprint	of
sustainable	fuels	 is	up	to	80	percent	 less	 than	that	of	 today’s	aviation	fuel,	and
testing	started	on	using	such	fuels	on	commercial	aircraft	in	2008.33

Billions	 are	 being	 spent,	 too,	 on	 exploring	 technologies	 like	 more
aerodynamic	 wings,	 advanced	 and	 lighter	 plane	 structures,	 more	 efficient
engines,	 and	 new	 aircraft	 configurations.	 And	 the	 International	 Air	 Transport
Association,	which	 represents	 airlines,	 estimates	 that	 better	 route	management
could	cut	CO2	emissions	by	10	percent.	Every	dollar	we	can	spend	as	a	society
on	 research	 and	 development	 to	 bring	 forward	 the	moment	 of	 carbon-dioxide-
neutral	 flights	 will	 be	 far	 more	 meaningful	 and	 more	 effective	 in	 addressing
climate	change	 than	a	 few	of	us	 trying	 to	cut	 a	 few	 flights	out	of	 a	misplaced
sense	of	shame.34

WHAT	ELSE	SHOULD	WE	give	up	for	the	sake	of	the	environment?	Children,
of	course!

A	chorus	of	campaigners,	 scientists,	 and	 journalists	have	 suggested	 that	 for
the	sake	of	Mother	Earth,	people	should	stop	reproducing.	The	Guardian	directs
readers:	“Want	to	Fight	Climate	Change?	Have	Fewer	Children.”	The	New	York
Times	warns	 that	 having	 a	 child	 is	 the	worst	 environmental	 action	possible.	A
hypothetical	American	woman	might	 switch	 to	 a	 fuel-efficient	 car,	 drive	 less,
recycle,	 install	 efficient	 lightbulbs	 and	 energy-saving	 windows,	 but	 the
newspaper	says	 that	by	having	two	children	she	will	wreak	damage	“nearly	40
times	what	she	had	saved	by	those	actions.”35

Such	exhortations	are	not	new.	In	the	1970s,	American	activists	founded	the



National	Organization	for	Non-Parents,	promoting	childlessness	as	a	“politically
responsible”	 choice,	 because	 they	 believed	 the	 world	 was	 collapsing	 due	 to
environmental	ruin.36

I	 think	 it’s	 a	 morally	 bankrupt	 and	 intrusive	 argument;	 environmentalists
have	no	place	 telling	people	 that	 they	 should	not	 become	parents.	And	what’s
more,	their	counting	doesn’t	even	add	up.

The	problem	with	research	on	the	climate	consequences	of	having	children	is
that	 it’s	 based	 on	 a	 deeply	 bizarre	way	of	measuring	 these	 consequences.	The
most	 cited	 research	 paper,	 published	 in	 2009,	measures	 the	 climate	 impact	 of
children	by	holding	 each	parent	 responsible	 for	half	 of	 every	 child’s	projected
emissions	over	the	entire	duration	of	the	child’s	life.	Fine	so	far.	But	they	do	not
stop	 there.	 A	 parent	 is	 held	 responsible	 not	 just	 for	 half	 of	 their	 child’s
emissions,	but	also	for	a	quarter	of	their	grandchildren’s	emissions,	an	eighth	of
their	 great-grandchildren’s	 emissions,	 and	 so	 on.	 Moreover,	 the	 researchers
estimate	 that	 each	 of	 these	 future	 children	 will	 emit	 twenty	 tons	 of	 carbon
dioxide	every	year	throughout	their	lives.37

This	is	a	very	odd	approach.	First	off,	 the	emissions	expected	in	decades	to
come	are	estimated	at	an	old,	too-high	emissions	rate	for	the	United	States;	it	has
already	declined	20	percent.	Moreover,	official	expectations	are	actually	that	per
person	 emissions	 will	 drop	 a	 further	 0.5	 percent	 every	 year	 before	 2050	 (as
research	pays	off	and	more	of	our	daily	activities	become	slightly	more	carbon
efficient).	But	by	far	the	biggest	issue	is	that	blaming	a	parent	for	emissions	of
all	 future	 generations	 is	 ludicrous.	 By	 this	 measure,	 our	 hunter-gatherer
ancestors	were	far	worse	for	the	planet	than	any	jet-setting	billionaire	today.38

Measured	in	reasonable	terms,	having	a	child	means	taking	responsibility	for
putting	 into	 the	 world	 a	 new	 human	 who	 will	 produce	 about	 ninety	 years	 of
carbon	 emissions.	 Whether	 your	 child,	 when	 she	 grows	 up,	 decides	 to	 have
children	of	her	own	must	be	her	choice.	Thus,	the	total	impact	of	having	a	child
is	at	worst	about	15	tons	of	carbon	dioxide	every	year	for	her	life,	about	ninety
years.	 This	 is	 1,350	 tons.	 If	 you	 feel	 guilty	 about	 having	 a	 child,	 you	 could
compensate	 for	 those	 carbon	 emissions	 by	 purchasing	 $8,100	 worth	 of
authorizations	from	RGGI.

The	broader	 approach,	 telling	people	not	 to	 reproduce,	 is	 preposterous.	For
the	 vast	 majority	 of	 people	 throughout	 history,	 children	 have	 provided	 the
meaning	and	happiness	that	make	life	worth	living.	Children	cost	us	in	all	sorts
of	 ways:	 missed	 sleep,	 emotional	 havoc,	 college	 tuition,	 and,	 yes,	 carbon
emissions.	And	yet	people	keep	having	them,	because	the	benefits	are	so	much



greater	than	the	costs.39

THE	NEXT	 TIME	 you	 read	 about	 the	 actions	 you	 “should”	 take	 to	 help	 the
planet,	 consider	 if	 it	 is	 just	 another	 case	 of	 “if	 everyone	 does	 a	 little,	 we’ll
achieve	 only	 a	 little.”	 The	 truth	 is	 that	most	 of	 our	 personal	 actions	 can	 have
only	a	tiny	impact.

Let	me	be	clear:	I’m	not	saying	that	you	shouldn’t	think	carefully	about	your
own	personal	 choices.	There	 are	 solid	 reasons	why	 any	of	 us	might	 choose	 to
change	our	diets,	drive	a	smaller	car,	and	reduce	the	carbon	footprint	we	leave
on	the	planet.	But	climate	change	shouldn’t	be	the	major	consideration,	because
the	effect	of	such	choices	is	so	limited.

Much	as	we	may	wish	otherwise,	personal	actions	are	not	going	to	fix	climate
change.	 So,	 let	 us	 turn	 next	 to	 the	 actions	made	 by	 governments	 that	 actually
could	 make	 a	 big	 difference:	 carbon-cutting	 policies	 and	 international
agreements.	Why	aren’t	those	working	either?



7

WHY	THE	GREEN	REVOLUTION	ISN’T
HERE	YET

WAY	BACK	IN	1976,	a	leading	environmental	campaigner,	who	remains	a	loud
voice	on	climate	 today,	confidently	declared	 that	an	economy	based	wholly	on
solar	energy	was	“now	economic	or	nearly	economic.”	He	was	wrong	then,	and
four	decades	later,	he	is	still	wrong.	Governments	around	the	world	spend	more
than	 $140	 billion	 every	 year	 subsidizing	 inefficient	 solar	 energy	 and	 wind
power.	 Yet	 despite	 this	 huge	 expenditure,	 together	 these	 renewable	 sources
provide	only	about	one	percent	of	global	energy	needs.1

So	why	hasn’t	 the	 green	 energy	 revolution	 happened	yet?	Because	without
breakthrough	innovations,	it	remains	enormously	expensive.

Carbon	 dioxide	 emissions	 are	 a	 by-product	 of	 the	 cheap	 and	 dependable
energy	 delivered	 by	 fossil	 fuels	 that	 has	 underpinned	 two	 hundred	 years	 of
development.	 Ending	 our	 reliance	 on	 fossil	 fuels	 within	 decades	 will	 cost
hundreds	of	trillions	of	dollars.	Most	rich	countries	attempting	to	meet	that	price
tag	would	face	electoral	upheaval.	Instead,	they	settle	for	spending	hundreds	of
billions	of	dollars	 subsidizing	highly	visible	 solar	and	wind,	without	achieving
much.	 The	 world’s	 poor	 nations	 don’t	 have	 trillions	 to	 spend.	 For	 them,	 the
prospect	of	getting	more	energy	from	fossil	fuels	is	much	more	enticing.2

And	thus,	everyone	on	the	planet	 talks	about	renewable	energy,	but	 little	of
any	substance	is	happening.

WE	ARE	CONSTANTLY	 being	 told	 that	 renewables	 like	 solar	 and	wind	 are
just	about	to	take	over	the	world.	This	is	almost	entirely	wishful	thinking.	One	of
the	 foremost	 climate	 campaigners,	 Jim	 Hansen,	 puts	 it	 best:	 “Suggesting	 that



renewables	will	let	us	phase	rapidly	off	fossil	fuels	in	the	United	States,	China,
India,	or	the	world	as	a	whole	is	almost	the	equivalent	of	believing	in	the	Easter
Bunny	and	Tooth	Fairy.”	Bear	 in	mind	 that	Dr.	Hansen	 is	 the	climate	scientist
who	 initiated	public	concern	on	global	warming	when	he	 testified	 to	Congress
back	in	1988,	and	he	was	former	vice	president	Al	Gore’s	climate	advisor.3

When	most	 people	 talk	 about	 renewables,	 they	 typically	 think	 of	 solar	 and
wind	 energy.	 These	 are	 the	 “new”	 renewables.	But	 globally,	 85	 percent	 of	 all
renewable	 energy	 comes	 from	wood	 and	 hydropower,	what	we	 can	 call	 “old”
renewables.	 These	 old	 sources	 have	 the	 benefit	 of	 providing	 power	when	 we
need	 it.	 In	 contrast,	 solar	 and	 wind	 power	 can’t	 be	 turned	 on	 when	 needed.
Despite	 the	 incessant	 hype,	 it	 remains	 an	 inconvenient	 truth	 that	 they	 produce
power	only	when	the	sun	decides	to	shine	or	the	wind	decides	to	blow.	That	is
why	solar	and	wind	power	work	only	as	a	small	addition	to	the	baseload	power
that	comes	from	fossil	fuels	and	other	reliable	energy	sources.4

If	we	want	to	increase	the	use	of	solar	and	wind	significantly,	we	need	to	add
backup	power,	such	as	idle	fossil-fuel-powered	gas	turbines	(that	can	be	turned
on	when	 the	 sun	 isn’t	 shining	or	 the	wind	 isn’t	blowing)	or	batteries	 (that	 can
store	their	energy).	Both	add	significantly	to	the	cost	of	solar	and	wind	energy.

The	 sheer	 scale	 of	 battery	 storage	 capacity	 that	would	 be	 needed	 for	 solar
power	 to	work	 is	 vastly	 underappreciated:	 today	 the	United	States	 has	 enough
batteries	 across	 the	 entire	 nation	 to	 store	 just	 fourteen	 seconds	 of	 average	US
electricity	use.5

These	 fundamental	 economic	 and	 technological	 challenges	 are	why	 no	 big
nation	in	the	world	is	anywhere	close	to	seeing	new	renewable	energy	do	more
than	nibble	at	the	edges	of	energy	consumption.	This	is	clear	when	you	look	at
the	share	of	renewable	electricity	from	all	sources	in	the	US.

Wind	power	produced	less	than	7	percent	of	US	electricity	in	2018,	and	solar
power	 less	 than	 2	 percent.	 In	 total,	 renewable	 energy	 sources	 produced	 17
percent	 of	 the	 United	 States’	 electricity,	 but	 most	 of	 this	 came	 from	 old
renewables,	with	the	majority	coming	from	reliable	hydroelectricity.



FIGURE	7.1	Percentage	of	US	energy	consumption	(not	just	electricity)
that	comes	from	renewables,	1900–2050.	The	almost	vertical	line	showing
100	percent	renewables	by	2030	represents	common	claims	to	achieve

rapid	conversion	to	all	renewables.6

And	electricity	is	itself	only	a	part	of	all	the	energy	used	in	the	United	States,
which	 also	 includes	 the	 energy	 utilized	 in	 industrial	 production,	 in	 heating
buildings,	 and	 in	 driving	 cars,	 trucks,	 and	 buses.	 When	 measured	 against	 all
energy	use,	wind	power	in	the	United	States	produced	2.5	percent	of	US	energy
in	 2018,	 and	 solar	 power	 only	 about	 half	 a	 percent.	 Almost	 three-quarters	 of
renewable	energy	still	came	from	old	wood	and	hydropower.

As	we	 can	 see	 in	 figure	 7.1,	 over	 the	 past	 century	 the	 share	 of	 renewable
energy	in	the	United	States	declined	from	almost	a	quarter	of	all	energy	use	to
little	more	than	5	percent.	Since	2000,	mostly	because	of	concern	about	climate
change,	renewable	energy	use	has	picked	up	from	high	single	digits	to	about	11
percent	 today,	and	 is	expected	 to	 reach	almost	16	percent	of	all	US	energy	by
midcentury	 according	 to	 the	 government’s	 latest	 official	 estimate	 (almost
unchanged	 from	 the	 last	 Obama	 administration	 estimate	 in	 2017	 of	 16.5
percent).7



FIGURE	7.2	Renewable	energy	as	a	percentage	of	total	global	energy,
1800–2050.	Data	from	1800	to	2018.	The	hatched	funnel	shows	the	spread
of	scenarios	from	the	International	Energy	Agency	and	United	Nations.8

We	need	to	be	honest:	reaching	16	percent	of	total	US	energy	in	2050	does
not	mean	that	renewable	energy	is	taking	over	from	fossil	fuels.	That	percentage
is	actually	less	than	what	US	renewable	energy	sources	contributed	in	1900.	And
even	by	2050,	solar	and	wind	power	are	projected	to	make	up	less	than	half	of
the	 16	 percent	 of	 renewables	 (four	 and	 three	 percentage	 points	 respectively),
with	 most	 of	 this	 still	 coming	 from	 the	 reliable	 old	 sources	 of	 wood	 and
hydropower.

When	we	hear	politicians	vowing	to	deliver	“100	percent	renewable	energy”
by	2030	or	2050,	 look	at	 figure	7.1.	We	could	call	 it	 the	“narwhale	chart”—it
shows	that	such	ideas	are	unmoored	by	historical	reality	or	common	sense.

The	 US	 experience	 reflects	 global	 trends.	 Today,	 solar	 panels	 and	 wind
turbines	 together	 deliver	 only	 1.1	 percent	 of	 global	 energy.	 The	 International
Energy	Agency	 estimates	 that	 even	by	2040,	 solar	 and	wind	power	will	 cover
less	than	5	percent	of	global	energy	needs.9

The	jarring	fact	is	that	humanity	just	finished	spending	two	centuries	getting
rid	of	renewable	energy	and	replacing	it	with	fossil	fuels	(see	figure	7.2).	When
everyone	 was	 poor,	 the	 whole	 world	 cooked	 and	 kept	 warm	 using	 polluting
renewable	 energy	 sources	 like	wood	 and	 dung.	Over	 a	 century	 and	 a	 half,	we
shed	 our	 reliance	 on	 renewable	 energy	 and	 powered	 the	 industrial	 revolution
with	 fossil	 fuels.	 For	 the	 last	 fifty	 years,	 the	 level	 of	 renewables	 globally	 has
hardly	budged	from	a	level	of	around	13–14	percent.	This	reality	mostly	reflects
the	continued	reliance	of	the	world’s	worst-off	on	wood	and	dung.

Indeed,	when	we	 look	at	pathways	ahead	 to	2040	or	2050,	we	see	 that	 it	 is



very	unlikely	that	the	world	will	reach	a	point	where	more	than	20	percent	of	its
energy	 needs	 are	 met	 by	 renewable	 sources.	 It	 is	 likely	 that	 our	 share	 of
renewable	energy	in	2050	will	still	be	lower	than	what	it	was	in	1950.	It	utterly
beggars	 belief	 to	 suggest	 that	we’ll	manage	 to	 get	 to	 100	 percent	 by	 2030	 or
2050.

IN	 THE	 POOR	 WORLD,	 replacing	 fossil	 fuels	 with	 new	 renewable	 energy
sources	like	wind	and	solar	power	is	hard	because	most	people	desperately	want
much	more	power	at	lower	cost,	not	fickle	power	at	high	cost.

Half	a	century	ago,	the	average	Chinese	had	less	electricity	available	than	the
poorest	African	 today.	 Since	 then,	with	 rapid	 industrialization	 and	 a	 rocketing
use	of	coal	power,	China	has	catapulted	itself	away	from	poverty	and	increased
its	GDP	per	person	seventy-two	times,	but	at	 the	cost	of	becoming	the	world’s
biggest	carbon	dioxide	emitter.10

Most	poor	countries	want	to	follow	China’s	path.	As	Gwede	Mantashe,	South
Africa’s	energy	minister,	puts	it:	“Energy	is	the	catalyst	for	growth.”	Indeed,	the
International	Energy	Agency	estimates	that	by	using	more	coal,	oil,	and	gas,	and
less	renewable	sources—along	with	much	better	governance—Africa	can	usher
in	 an	 “African	 Century”	 that	 will	 increase	 carbon	 dioxide	 emissions	 but	 also
grow	 the	 economy	 much	 faster,	 such	 that	 by	 2040	 every	 African	 will	 make
$1,000	more	every	year.11

But	why	can’t	we	solve	the	poor	world’s	energy	poverty	problem	with	solar
panels	and	wind	turbines?	This	is	in	fact	what	many	development	organizations
and	green	energy	companies	claim	to	be	doing.	Their	claims	do	not	add	up.

To	see	how	the	benefits	of	green	energy	sources	 like	solar	and	wind	power
are	 being	 massively	 oversold,	 we	 should	 look	 to	 the	 poor	 Indian	 village	 of
Dharnai,	which	became	India’s	first	solar-powered	community.	The	citizens	had
for	 years	 unsuccessfully	 tried	 to	 get	 connected	 to	 the	 national	 electric	 power
grid,	which	mostly	 is	supplied	by	coal-fired	power	plants.	Along	came	a	green
benefactor.	 In	 2014	 under	 the	 slogan	 “Energy	 access	 simplified,”	 Greenpeace
supplied	Dharnai	with	a	solar-powered	“micro-grid”—an	electric	grid	that’s	not
connected	to	the	central	grid.	Greenpeace	proudly	declared	that	“Dharnai	refused
to	 give	 into	 the	 trap	 of	 the	 fossil	 fuel	 industry.”	 The	 world’s	 media	 reported
excitedly	on	 the	“first	village	 in	India	where	all	aspects	of	 life	are	powered	by
solar.”12

Greenpeace	had	the	best	of	intentions.	But	intentions	don’t	count	for	much	in
development.	The	day	the	electricity	was	turned	on,	the	batteries	were	drained	of



power	within	 a	 few	 hours.	A	 boy	 from	Dharnai	 remembers	wanting	 to	 do	 his
homework	early	 in	 the	morning	before	 leaving	 to	work	 in	 the	 fields,	but	 there
wasn’t	enough	power	for	the	family’s	one	lamp.	Because	solar	power	is	way	too
weak	 to	 power	 a	 stove,	 the	 citizens	 now	 had	 maybe	 a	 lamp	 illuminating	 the
kitchen,	but	they	still	had	to	use	the	same	old	cookstoves	burning	wood	or	dung,
polluting	the	home	and	putting	the	whole	family	at	risk.13

Greenpeace	 invited	 the	 state	 chief	minister	 to	 the	 inauguration	 of	 the	 solar
power	system	so	he	could	meet	grateful	inhabitants.	When	he	showed	up,	he	was
met	by	a	 large	crowd	of	people	waving	signs	demanding	“real	electricity”	(the
kind	you	can	use	to	run	a	refrigerator	or	a	stove,	and	that	your	children	can	use
to	do	their	homework	in	the	morning)	and	not	“fake	electricity”	(meaning	solar
energy	 that	 could	do	none	of	 these	 things).	A	week	after	 the	protests,	Dharnai
was	 hooked	 up	 to	 the	 national	 grid	 with	 more	 reliable	 electricity	 access.	 Its
residents	now	get	power	from	the	grid	at	one-third	of	the	price.14

This	situation	repeats	itself	around	the	world.
In	Fiji,	 the	 government	 teamed	up	with	 a	 Japanese	 technology	 company	 to

deliver	off-grid	solar	power	to	remote	communities.	They	provided	a	centralized
solar	 power	 unit	 to	 the	 village	 of	 Rukua.	 Prime	Minister	 Frank	 Bainimarama
proudly	declared	he	had	“no	doubt	that	a	number	of	development	opportunities
will	be	unlocked”	by	the	provision	of	“a	reliable	source	of	energy.”15

Understandably,	all	of	Rukua	was	thrilled	to	get	access	to	energy	and	wanted
to	 take	 full	 advantage.	So	more	 than	 thirty	households	purchased	 refrigerators.
Unfortunately,	the	off-grid	solar	energy	system	was	incapable	of	powering	more
than	 three	 fridges	 at	 a	 time,	 so	 every	 night	 the	 power	 would	 be	 completely
drained.	 That	 led	 to	 six	 households	 buying	 diesel	 generators.	 According	 to
researchers	who	studied	this	project:	“Rukua	is	now	using	about	three	times	the
amount	 of	 fossil	 fuel	 for	 electricity	 that	 was	 used	 prior	 to	 installation	 of	 the
renewable	 energy	 system.”	 In	 rather	 understated	 language,	 the	 researchers
conclude	 that	 the	 project	 did	 not	 “meet	 the	 resilience	 building	 needs”	 of	 the
community.16

Solar	panels	do	deliver	some	benefits,	allowing	you	to	charge	your	cell	phone
and	 run	 a	 light	 at	 night.	 But	 they	 don’t	 deliver	 benefits	 that	 help	 drive
development.	 One	 common	 anecdote	 holds	 that	 solar	 lights	 allow	 students	 to
study	at	night	and	hence	improve	learning.	Published	in	2017,	the	first	controlled
study	from	India	shows	that	solar	power	actually	has	no	impact	on	time	spent	on
studying	or	schooling.	It	also	shows	that	solar	power	doesn’t	increase	time	spent
working	 or	 improve	 savings,	 spending,	 business	 creation,	 or	 broader



development.	 As	 a	 result,	 solar	 panels	 are	 not	 what	 people	 most	 want.	 In
Tanzania,	 a	 survey	 of	 households	 with	 solar	 panels	 showed	 that	 almost	 90
percent	still	wanted	access	to	the	electric	grid.17

Moreover,	when	asked	in	polls	across	the	continent,	Africans	report	that	solar
panels	provide	much	less	benefit	than	they	cost.	On	average,	the	private	benefit
is	worth	only	30	to	41	percent	of	the	total	costs.	Even	when	including	the	extra
health	benefits	like	a	reduction	in	damaging	indoor	air	pollution	from	kerosene
lamps,	it	is	likely	that	the	solar	panels	are	worth	less	to	the	average	African	than
what	the	well-meaning	rich	people	pay	to	put	them	up.18

IN	CLIMATE-EXCITED	RICH	COUNTRIES,	governments	have	attempted	to
force	more	renewable	energy	 into	 the	system	through	regulation	and	subsidies.
In	 Germany	 and	 the	 European	 Union	 as	 a	 whole,	 we	 see	 the	 results	 of	 this
approach.

Germany’s	 renewable	 energy	 policy,	 called	 the	 Energiewende,	 has	 been
hailed	by	environmentalists	and	politicians	around	the	world.	Under	this	decade-
old	 policy,	 the	 nation	 has	 moved	 away	 from	 nuclear	 and	 fossil	 fuels	 toward
wind,	 solar,	 and	 biomass	 energy.	 The	 Energiewende	 has	 cost	 $36	 billion
annually	 in	 recent	 years,	 and	 is	 the	 country’s	 biggest	 political	 project	 since
reunification.	Electricity	costs	have	doubled	over	 the	past	 two	decades	and	are
now	 at	 35¢	 per	 kWh,	 almost	 three	 times	 the	 US	 average.	 Germans	 will	 have
spent	$580	billion	on	renewables	and	related	infrastructure	by	2025.19

This	 massive	 expenditure	 has	 meant	 renewable	 energy	 sources	 have	 gone
from	 meeting	 7	 percent	 of	 Germany’s	 total	 electricity	 needs	 in	 2000	 to	 35
percent	of	electricity	needs	 in	2019,	with	solar	and	wind	power	accounting	for
two-thirds	of	the	renewable	electricity.	But	the	country	has	been	worried	about
nuclear	power,	especially	since	a	2011	accident	in	Fukushima,	Japan,	 triggered
by	an	earthquake	and	tsunami.	This	fear	has	led	to	a	halving	of	nuclear	energy
from	2000	 to	2019.	Since	nuclear	 power	 is	 carbon	 free,	 the	decline	 in	nuclear
energy	has	offset	much	of	the	increase	in	solar	and	wind	power.20

Overall,	fossil	fuels	have	declined	only	slightly	as	a	share	of	German	energy.
In	 the	 first	 decade	 of	 the	 new	millennium,	 the	 fossil	 fuel	 share	 of	 the	 overall
energy	supply	dropped	somewhat	from	84	to	80	percent.	But	in	the	years	since
the	Energiewende	was	 passed	 in	 2010,	 the	 fossil	 fuel	 share	 has	 stayed	 almost
constant,	inching	down	just	one	percentage	point	to	79	percent	today.21

In	the	larger	European	Union,	renewable	energy	sources	have	since	the	turn
of	the	century	increased	from	6	to	14	percent	in	2018.	But	there’s	a	catch.	Most



of	this	renewable	energy	does	not	come	from	solar	and	wind.	In	total,	solar	and
wind	make	up	2.7	percent	of	all	energy,	whereas	biomass	makes	up	more	than
10	percent.	Biomass,	which	basically	is	a	fancy-sounding	name	for	wood,	is	one
of	 the	old,	 reliable	 renewables	 that	can	produce	energy	when	 it	 is	needed.	The
problem	for	the	planet	is	that	wood	is	often	imported	from	US	forests	in	diesel-
driven	ships,	and	emits	more	carbon	dioxide	 than	even	coal	when	 it	 is	burned.
Biomass	is	categorized	by	the	EU	only	as	carbon	dioxide	free	because	it	is	hoped
that	felled	trees	will	be	replanted	and	over	many	future	decades	will	soak	up	as
much	 carbon	 dioxide	 as	 was	 released	 by	 its	 burning.	 Needless	 to	 say,	 this	 is
dubious	accounting	at	best.22

With	this	trickery	and	reliance	on	wood	imported	from	the	United	States,	the
EU	has	managed	to	cut	fossil	fuel	use	from	79	percent	in	2000	to	71	percent	in
2018.	Yet,	 the	 cost	 of	 this	 energy	policy	 is	 now	more	 than	 two	percent	 of	 the
EU’s	economy,	or	about	$400	billion	every	year.	Indeed,	about	20	percent	of	the
EU	budget	is	now	being	spent	on	climate	policies.23

Today,	residential	electricity	costs	in	the	EU	are	twice	the	US	cost	of	13¢	per
kWh.	 This	 gap	 will	 grow	 quickly.	 Over	 the	 next	 decade,	 one	 2019	 study
estimates	 that	 mostly	 because	 of	 stronger	 climate	 policies,	 the	 wholesale
electricity	price	in	the	EU	will	quadruple.24

IT	 IS	 IMPOSSIBLE	 to	get	around	 the	 fact	 that	climate	policies	are	expensive.
What	do	campaigners	and	politicians	do?	They	either	downplay	the	cost,	or	far
more	dangerously,	maneuver	to	make	it	appear	that	 there	will	actually	be	a	net
benefit.

If	we	change	from	dirty	fossil	 fuels	 to	clean	renewable	sources,	 they	claim,
we	 will	 not	 only	 solve	 the	 climate	 crisis	 but	 unlock	 jobs,	 savings,
competitiveness,	 and	 improved	 well-being.	 American	 political	 commentator
Thomas	Friedman	frequently	talks	about	how	the	United	States	needs	to	jump	on
the	 clean	 energy	 bandwagon	 or	 face	 the	 prospect	 that	 China	 will	 “clean	 our
clocks”	when	they	take	home	all	the	“benefits.”25

This	 attempt	 to	 rewrite	 the	 facts	 is	 perhaps	 nowhere	 clearer	 than	 when	 in
2018	 the	 UN	 secretary-general	 touted	 a	 report	 that	 he	 said	 showed	 the	 world
could	gain	“at	least	$26	trillion”	in	benefits	from	strong	climate	action	as	soon	as
2030.	What	are	we	waiting	for?26

Weirdly	 though,	 the	 report	 claimed	 $26	 trillion	 in	 benefits,	 without
explaining	how	that	number	was	reached.	The	actual	documentation,	the	report
told	us,	was	in	a	working	paper	that	would	be	published	shortly.	I	contacted	the



authors	and	asked	to	see	how	they	reached	this	fantastical	figure.	For	a	year	and
a	 half,	 I	 have	 been	 in	 touch	 every	 few	weeks	with	 people	 connected	with	 the
publication.	At	the	time	of	writing	this	book,	 the	document	has	yet	 to	be	made
available.

Claiming	 that	 climate	 policy	 is	 not	 only	 good	 for	 climate	 but	 also	 will
actually	 make	 everyone	 rich	 is	 a	 comforting	 bedside	 story.	 But	 it	 is	 flat-out
wrong.	 Every	 serious	 report	 shows	 extraordinarily	 large	 costs	 from	 climate
policy,	simply	because	changing	the	energy	infrastructure	that	has	underpinned
the	last	two	centuries	of	economic	growth	will	be	very,	very	costly.

The	UN	 estimates	 that	 the	 additional	 infrastructure	 cost	 alone	 of	 achieving
the	2.7°F	 (1.5°C)	 limit	would	come	 to	almost	 a	 trillion	dollars	each	and	every
year	for	the	next	thirty	years.	A	2018	Goldman	Sachs	report	shows	that	the	cost
to	 build	 just	 the	 infrastructure	 for	 electric	 cars,	 such	 as	 charging	 stations	 and
power	networks,	would	be	an	astronomical	$6	 trillion,	or	8	percent,	of	 today’s
global	GDP.27

As	 such	 costs	 rack	 up,	 political	 opposition	 will	 become	 ever	 more	 likely,
causing	backtracks	on	climate	policy	as	we	have	seen	in	France	and	elsewhere,
and	even	cancellation	as	President	Trump	has	done	with	US	involvement	in	the
Paris	Agreement.

If	the	European	Union	sticks	to	its	climate	promises	for	2050,	it	alone	could
end	up	paying	more	than	$2.5	trillion	per	year	in	climate	costs—10	percent	of	its
entire	 GDP.	 This	 is	 more	 than	 all	 the	 EU’s	 current	 spending	 on	 education,
health,	environment,	housing,	defense,	police,	and	courts.	It	is	inconceivable	that
such	spending	will	go	unchallenged.28

NEW	RENEWABLE	ENERGY	 sources	 like	 solar	 and	wind	 cost	 $141	 billion
annually	in	subsidies	globally,	and	matter	little	in	the	global	energy	supply.	Rich
countries	 can	 spend	 trillions	 and	 still	 achieve	 very	 little.	 Poor	 countries	 don’t
have	 trillions	 to	 spend,	 and	 instead	 want	 more	 energy,	 which	 will	 come
predominantly	from	fossil	fuels.

This,	in	a	nutshell,	is	why	global	climate	policies	are	failing.	There	has	been
far	 more	 global	 attention	 to	 climate	 change	 in	 recent	 years,	 with	 protest
movements	 and	 campaigners	 ensuring	 the	 issue	 remains	 on	 the	 front	 page	 of
newspapers.	But	the	world’s	decision	makers	are	even	more	off	track	than	ever.
This	 is	why	the	UN	itself	summarized	the	2010s	as	a	“lost”	decade,	and	found
there	 was	 essentially	 no	 difference	 between	 contemporary	 reality	 and	 an
imaginary	scenario	in	which	there	had	been	no	new	climate	policies	since	2005.



This	was	a	decade	full	of	global	 talks,	of	promises	made	by	politicians,	and	of
climate	 laws	enacted.	Yet,	on	a	global	 level,	 the	UN	could	not	 see	any	of	 this
action	making	any	difference	whatsoever.29

Next,	 we	 will	 explore	 exactly	 why	 the	 Paris	 Agreement	 is	 not	 going	 to
provide	the	salvation	that	was	promised.
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WHY	THE	PARIS	AGREEMENT	IS
FAILING

IN	DECEMBER	2015,	leaders	from	almost	every	country	in	the	world	approved
the	 Paris	 Agreement	 on	 climate	 change.	 It	 was	 hailed	 as	 a	 landmark
achievement,	 tackling	 climate	 change	 through	 national	 promises	 of	 carbon
dioxide	cuts.	The	agreement’s	preamble	even	spoke	of	limiting	temperature	rises
to	 less	 than	 2°C	 (3.6°F),	 or	 even	 1.5°C	 (2.7°F).	 French	 president	 François
Hollande	said:	“This	is	a	major	leap	for	mankind.”	Economist	Lord	Stern	added:
“This	is	a	historic	moment,	not	just	for	us	but	for	our	children,	our	grandchildren
and	future	generations.”	Al	Gore	saw	it	as	“bold	and	historic.”1

Unfortunately,	 they	 are	wrong.	 The	 Paris	Agreement	will	 cost	 a	 fortune	 to
carry	out	and	do	almost	no	good.

ALTHOUGH	 ITS	 NAME	 suggests	 there	 is	 just	 one	 elaborately	 engineered
“agreement,”	 in	 fact,	 the	 deal	 is	 made	 up	 of	 national	 commitments	 from
individual	 countries	 that	 vary	wildly;	 each	 country	 simply	declared	how	much
carbon	dioxide	 emissions	 it	would	 reduce	until	 the	 year	 2030.	Some	 countries
made	 ambitious	 promises,	 others	 made	 far	 easier	 to	 achieve	 vows.	 The	 Paris
Agreement	itself	effectively	staples	together	all	those	promises.

Each	 of	 those	 promises	 has	 a	 cost.	 To	 achieve	 the	 promised	 carbon	 cuts,
policies	 will	 have	 to	 make	 people	 and	 companies	 use	 less	 carbon-dioxide-
emitting	 technologies	 and	 fuels.	 If	 these	 technologies	 and	 fuels	were	 cheaper,
obviously	this	would	be	cost	free,	but	the	cuts	would	also	happen	by	themselves
and	there	would	be	no	need	for	any	promises.	The	fact	that	nations	are	making
these	promises	and	that	they	are	difficult	to	achieve	means	the	policies	will	have



to	force	people	and	companies	to	use	more	expensive	technologies	and	fuels.
The	governments	themselves	rarely	add	up	the	cost	of	these	promises,	but	it

is	possible	to	work	out.	Unfortunately,	it	is	not	as	easy	as	just	looking	at	energy
taxes	or	subsidies.	 If	a	nation’s	policy	means	 its	citizens	have	 to	pay,	say,	$10
billion	in	extra	energy	taxes,	then	it	may	seem	like	the	cost	is	simply	$10	billion.
But	 that	 $10	 billion	 doesn’t	 disappear;	 it	 is	 collected	 by	 the	 state	 and	 used	 to
fund	other	things	in	the	budget.	Equally,	when	a	government	spends	$10	billion
in	subsidies	on	solar	and	wind	power,	 that	doesn’t	mean	a	societal	cost	of	$10
billion,	 because	 the	money	 is	 not	 wasted;	 it	 is	 redistributed,	 often	 to	 the	 rich
owners	of	the	solar	panels	and	wind	turbines.

So	what	is	the	real	cost?	We	need	to	identify	the	knock-on	effects	of	higher
energy	 prices	 for	 everyone.	 Every	 household,	 business,	 and	 organization	 that
uses	energy	 finds	 it	 a	bit	more	expensive	and	has	a	 little	 less	money	 for	other
things.	This	slightly	slows	economic	growth.	This	cost	is	the	relevant	social	cost
of	 climate	 policies—the	 reduction	 in	 welfare	 that	 comes	 from	 each	 nation
insisting	on	using	energy	that	is	slightly	more	costly	and	less	reliable	than	fossil
fuels.

Emissions	 of	 carbon	 dioxide	 are	 largely	 by-products	 of	 productivity—of
industry,	governments,	 and	 individuals	producing	 things	 that	we	want	more	of
(including	 heating,	 cooling,	 food,	 transport,	 hospital	 care,	 and	 so	much	more).
Wishing	 this	 wasn’t	 so	 doesn’t	 make	 it	 go	 away.	When	 countries	 promise	 to
reduce	their	emissions,	they	are	effectively	promising	to	make	all	these	things	a
touch	more	expensive.	That	acts	as	a	slight	brake	on	the	economy,	leading	to	a
small	reduction	in	growth.	It	does	not	mean	that	countries	won’t	grow;	it	simply
means	they	will	grow	slightly	more	slowly.

WE	CAN	MEASURE	 the	 cost	 of	 this	 slowing	 growth	 using	 energy-economic
models.	Put	simply,	each	model	can	identify	the	likely	pathway	of	GDP	growth
over	coming	decades	both	with	and	without	the	climate	policy.	The	difference	in
GDP	between	the	two	scenarios	is	the	cost	of	the	climate	policy.

Now,	any	model	is	only	as	good	as	the	data	and	assumptions	put	into	it.	One
model	might	be	overly	pessimistic.	It	might	be	based	on	an	assumption	that	it	is
very	hard	to	cut	emissions,	so	strong	climate	policies	will	result	in	substantially
smaller	GDP	increases,	whereas	another	might	be	overly	optimistic,	based	on	an
assumption	 that	 all	 emission	 cuts	 can	 be	 achieved	 at	 almost	 no	 cost.
Unsurprisingly,	 climate	 policy	 partisans	 reliably	 pick	 the	model	 that	 advances
their	 arguments.	 That	 is	 why	 economists	 prefer	 to	 use	 multiple	 models,	 to



average	out	the	optimists	and	pessimists.
The	most	prominent,	nonpartisan	research	program	that	looks	at	the	findings

from	a	large	number	of	energy-economic	models	is	the	Energy	Modeling	Forum
(EMF)	based	at	Stanford	University.	The	EMF	has	conducted	more	 than	 thirty
such	studies	and	is	considered	the	gold	standard	of	energy-economic	modeling.
Using	multiple	 studies,	mostly	 from	 the	EMF,	we	can	estimate	 the	 cost	of	 the
most	 expensive	promises	made	under	 the	Paris	Agreement:	 those	made	by	 the
United	 States,	 the	 European	 Union,	 China,	 and	 Mexico.	 Together,	 these
commitments	make	up	about	80	percent	of	the	total	promised	carbon	reductions.

In	 promises	 made	 under	 President	 Obama,	 the	 United	 States	 said	 that	 by
2025	it	would	reduce	 its	overall	greenhouse	gas	emissions	by	26	 to	28	percent
compared	 to	 the	 emissions	 in	 2005.	Work	 from	 the	EMF	 shows	 that	 effective
policies	 to	 achieve	 this	 goal	 would	 have	 increasing	 costs	 over	 the	 period.	 In
2015,	when	the	promise	was	made,	obviously	there	would	be	no	cost.	But	as	the
policies	to	achieve	the	promise	were	phased	in,	GDP	would	grow	slightly	slower
than	it	otherwise	would	have.	The	increasing	gap	between	the	GDP	that	 is	and
the	GDP	 that	would	have	been	 is	 the	annual	cost.	By	2030,	 it	 is	estimated	 the
promised	 cuts	would	 result	 in	 a	GDP	 loss	 for	 the	United	States	 between	$154
billion	 and	 $172	 billion.3	 As	 the	US	GDP	 is	 now	 on	 a	 slightly	 lower	 growth
path,	this	loss	would	continue	into	the	future.2

The	EU	promised	to	cut	its	emissions	by	2030	by	40	percent	compared	to	its
emissions	 in	1990.	There	 is	no	official	estimate	of	 the	cost,	but	 the	EMF	finds
across	seven	models	that	reducing	emissions	by	40	percent	in	2030	(as	a	pit	stop
toward	an	80	percent	 reduction	 in	2050)	 leads	 to	a	GDP	 loss	of	1.6	percent	 in
2030,	or	$322	billion.3

Not	every	country	took	the	same	approach	to	making	promises.	China	vowed
to	reduce	the	amount	of	carbon	dioxide	emitted	for	each	dollar	produced	across
its	economy.	That’s	known	as	“carbon	intensity.”	It	set	a	2030	target	of	reducing
the	 carbon	dioxide	 emitted	 per	 dollar	 generated	by	 its	 economy	by	 at	 least	 60
percent	 compared	 to	 2005.	 This	 will	 be	 equivalent	 to	 reducing	 its	 overall
emissions	in	2030	by	at	least	1.9	billion	tons	of	carbon	dioxide,	or	1.9	gigatons
(Gt)	 in	short.4	Here	we	can	use	the	results	from	the	Asia	Modeling	Exercise,	a
research	project	similar	to	the	EMF	but	focused	on	the	region,	which	ran	thirteen
different	energy-economic	models	with	and	without	climate	policies.	Its	results
suggest	that	China	can	reduce	1.9	Gt	of	carbon	dioxide	for	about	$200	billion	in
annual	GDP	loss.4

Mexico	 has	 enacted	 the	 strongest	 climate	 legislation	 of	 any	 developing



country;	 it	 has	 conditionally	 promised	 to	 reduce	 its	 emissions	 by	 40	 percent
below	what	 it	would	 otherwise	 have	 emitted	 by	 2030.	Although	Mexico	 itself
has	 low-balled	 its	cost	estimates,	 independent	researchers	using	several	models
predict	 the	 cost	 to	 reach	 4.5	 percent	 of	 GDP	 by	 2030,	 or	 about	 $80	 billion
annually.5

This	 means	 that	 the	 total	 cost	 to	 the	 United	 States,	 the	 EU,	 China,	 and
Mexico	adds	up	to	$739	billion	(or	$757	billion	if	the	US	goes	for	the	higher	end
of	its	promised	range).	Given	that	these	countries	are	responsible	for	80	percent
of	the	promises	in	the	Paris	Agreement,	it	is	reasonable	to	assume	that	the	$739
billion	 constitutes	 80	 percent	 of	 the	 pact’s	 total	 cost.	 That	 makes	 the	 annual
global	cost	of	the	Paris	Agreement	by	2030	about	$924	billion.

Remember,	all	of	these	cost	estimates	assume	that	politicians	will	implement
the	most	effective	policy	to	achieve	their	nation’s	promised	emissions	reduction;
typically,	 one	 carbon	 dioxide	 tax	 applied	 across	 all	 sectors	 of	 the	 economy,
slowly	increasing	over	time.	In	real	life,	that	never	happens.	Policy	makers	love
picking	winners	and	making	special	deals.

For	 instance,	 back	 in	 2008,	 the	 EU	 promised	 to	 cut	 its	 emissions	 by	 20
percent	by	2020.	Stanford’s	Energy	Modeling	Forum	ran	a	number	of	models	for
this	policy	and	found	that	if	done	effectively,	the	EU	would	end	up	with	a	GDP
in	2020	about	1	percent	lower	than	otherwise:	the	cost	of	the	policy	would	be	1
percent	of	GDP	forever	from	2020.	“Effectively”	in	this	case	would	have	meant
using	 one	 carbon	 dioxide	 tax	 that	 would	 mostly	 have	 encouraged	 power
producers	 to	 switch	 from	 coal	 to	 less	 polluting	 natural	 gas.	 Unfortunately,
politicians	couldn’t	help	but	push	their	economies	to	try	to	increase	the	amount
of	wind	and	solar	power	utilized.	They	used	subsidies	that	made	the	policy’s	cost
much	 more	 expensive.	 In	 total,	 the	 researchers	 have	 found	 that	 the	 total	 EU
policy	will	end	up	costing	around	2.2	percent	of	GDP,	more	 than	double	what
the	 price	 tag	 could	 have	 been	 had	 the	 EU’s	 politicians	 made	 more	 effective
choices.6

We	see	 the	 same	problem	 in	 the	United	States,	where	many	politicians	not
only	want	power	grids	to	emit	less	carbon	dioxide,	but	also	want	the	reduction	to
be	 delivered	 by	 renewables:	 fundamentally,	 solar	 and	wind	 power.	 In	 twenty-
nine	states	this	is	achieved	through	a	so-called	renewable	portfolio	standard	that
obligates	 power	 producers	 to	 get	 a	 specified	 fraction	 of	 their	 electricity	 from
renewable	sources.	California	and	New	York	have	both	set	50	percent	targets	for
2030,	while	Hawaii	aims	for	100	percent	by	2045.	While	 this	 type	of	policy	is
obviously	popular	with	solar	and	wind	producers,	research	shows	that	it	ends	up



costing	 states	 extra.	 Whereas	 the	 cheapest	 emission	 reduction,	 just	 like	 in
Europe,	will	often	be	a	switch	from	coal	 to	gas,	 relying	on	renewables	at	 least
doubles	the	cost	for	states.7

The	Paris	Agreement	is	unlikely	to	be	an	exception	to	the	rule	that	politicians
do	 things	 less	 efficiently	 and	 less	 effectively	 than	 they	 could.	 The	 promises
made	by	various	nations	will	be	implemented	ineffectively,	just	like	those	made
by	 the	 EU	 and	 the	 United	 States.	 Therefore,	 it	 is	 plausible	 that	 the	 Paris
Agreement	 costs	 will	 be	 twice	 what	 they	 would	 be	 under	 the	 most	 effective
policy	possible.

Thus,	without	hyperbole	we	can	say	that	the	Paris	Agreement	will	easily	set
the	 world	 back	 by	 at	 least	 $1	 trillion	 annually	 by	 2030—and	more	 plausibly,
with	less	efficient	policies,	the	cost	could	climb	to	somewhere	close	to	$2	trillion
annually.8

No	matter	which	way	you	look	at	it,	the	Paris	Agreement	is	by	far	the	most
expensive	pact	in	history.	At	$2	trillion,	it	is	at	par	with	the	entire	expenditure	on
the	world’s	military	each	year.	Every	year,	the	Paris	Agreement	will	cost	about
two	 to	 five	 times	 the	 total	 amount	 of	 the	 world’s	 previously	 most	 expensive
global	 accord:	 Germany’s	 World	 War	 I	 repayment	 settled	 in	 the	 Versailles
Treaty.	 And	 to	 put	 this	 in	 context,	 compared	 to	 some	 of	 the	 other	 policies
undertaken	to	help	the	world,	the	annual	cost	of	Paris	is	about	a	hundred	times
the	amount	the	world	annually	spends	on	protecting	and	promoting	biodiversity.
It	 is	 also	 about	 a	 hundred	 times	 higher	 than	 the	 amount	 the	 world	 annually
spends	on	all	policies	to	tackle	HIV/AIDS.9

BY	 THIS	 POINT,	 you’ll	 probably	 not	 be	 surprised	 to	 learn	 that	 there	 is	 no
official	estimate	of	what	the	Paris	Agreement	will	actually	achieve.

To	 evaluate	 the	 impact	 on	 climate	 change	 of	 the	 promises	made	 under	 the
Paris	 Agreement,	 first	 we	 need	 to	 identify	 the	 base	 level	 of	 emissions	 today.
Then	we	can	work	out	what	the	promises	of	carbon	cuts	mean,	in	terms	of	effect
on	temperature	rises.

From	 2020	 to	 the	 end	 of	 the	 century,	 if	 we	 do	 nothing,	 the	 standard	 UN
business-as-usual	 scenario	 sees	 the	world	emitting	about	 six	 thousand	gigatons
of	carbon	dioxide.

The	 total	 number	 of	 tons	 we	 emit	 is	 directly	 connected	 to	 average,	 global
temperature	 rises.	 The	UN	 estimates	 that	 an	 extra	 1,000	Gt	 of	 carbon	 dioxide
emitted	will	result	in	a	0.8°F	increase	over	the	long	run.	That	means	that	an	extra
6,000	Gt	over	the	century	will	result	in	a	temperature	rise	of	about	5.7°F	or	so.



Since	we’re	 already	 almost	 2°F	 above	preindustrial	 levels,	 that	means	 that	 the
twenty-first	century	will	see	the	planet	get	roughly	7.5°F	hotter	if	we	do	nothing,
similar	to	what	we	saw	with	the	MAGICC	model	in	chapter	2.10

What	 will	 happen,	 then,	 if	 nations	 meet	 their	 promises	 under	 Paris?	 The
United	 Nations	 organizers	 of	 the	 Paris	 Agreement	 once	 in	 2015	 (and	 never
since)	 released	an	estimate	of	 the	 total	maximum	 impact	of	 all	 carbon	dioxide
cuts	 promised	by	 all	 nations.	 It	 provides	 the	 absolutely	 best-case	 scenario	 that
we	 can	 hope	 for.	 This	 estimates	 a	 total	 reduction	 of	 64	 Gt	 carbon	 dioxide
through	to	2030.	According	to	the	UN’s	estimate	of	0.8°F	per	1,000	Gt	carbon
dioxide,	this	translates	to	a	reduction	in	temperature	by	the	end	of	the	century	of
about	0.05°F.	What	this	tells	us	is	that	even	in	an	optimistic	scenario,	the	Paris
Agreement	 isn’t	 going	 to	 come	 anywhere	 close	 to	 solving	 global	 warming.	 It
will	have	a	miniscule	impact	on	the	temperature	by	2100.11

IN	FIGURE	8.1,	we	see	the	feeble	results	of	the	Paris	Agreement,	compared	to
what	 would	 be	 needed	 to	 limit	 temperature	 rises	 to	 2.7°F.	 The	 agreement
promises	 only	 a	 tiny	 reduction	 of	 sixty-four	 gigatons	 of	 carbon	 dioxide,	 or	 a
0.05°F	 temperature	 reduction.	 And	 this	 is	 only	 in	 a	 best-case	 scenario	 where
every	nation	achieves	everything	that	it	has	promised.	But	in	reality,	we	are	not
on	track	to	achieve	even	that.

FIGURE	8.1	The	size	of	different	emission	cuts.	The	first	bar	shows	how
much	the	Paris	Agreement	will	cut	by	2030.	The	second	bar	shows	what
the	agreement	will	cut	if	promises	are	kept	throughout	the	entire	century.
The	third	bar	shows	how	much	its	popular	claims	suggest	it	will	achieve:
fifty	times	more	than	the	actual	Paris	Agreement.	For	comparison,	we	see

the	cuts	needed	to	limit	temperature	rises	to	3.6°F	(2°C)	and	2.7°F
(1.5°C).	All	these	numbers	have	large	uncertainties	and	should	be	used	for

comparison	of	relative	size.12



A	2017	landmark	article	 in	Nature	puts	 it	bluntly:	“All	major	 industrialized
countries	 are	 failing	 to	 meet	 the	 pledges	 they	 made	 to	 cut	 greenhouse-gas
emissions.”	The	researchers	noted	that	the	European	Union	promised	to	cut	to	40
percent	below	its	1990	level	by	2030,	but	had	enacted	policies	that	would	reduce
less	 than	half	 that,	 to	19	percent.	Even	 including	pledged	policies,	 the	EU	will
make	it	 to	less	than	30	percent	by	2030.	And	what	progress	it	makes	is	mostly
coming	 from	 a	 shift	 from	 coal	 to	 gas,	 rather	 than	 from	 the	 construction	 of
renewable	energy.13

The	story	is	the	same	around	the	globe:	although	it	promised	to	cut	emissions
by	 18	 percent	 below	 1990	 levels	 by	 2030,	 Japan	 is	 on	 target	 to	 cut	 by	 just	 4
percent.	Emissions	in	Mexico	and	South	Korea	have	hardly	shifted,	despite	their
promises.	And	it	would	be	entirely	wrong	to	imagine	that	the	United	States	was
on	 track	before	President	Trump	announced	plans	 to	quit	 the	Paris	Agreement.
President	Obama	promised	in	Paris	 to	cut	emissions	by	18	percent	below	1990
levels	 by	 2025,	 but	 never	 backed	 this	 with	 sufficient	 legislation.	 Based	 on
Obama-era	 policies	 (and	 not	 taking	 account	 of	 Trump’s	 reversal	 of	 them),
President	Obama	was	on	track	to	achieve,	at	most,	a	7	percent	reduction.14

In	contrast,	the	world’s	developing	countries	are	on	target,	but	only	because
they	 promised	 so	 little.	 For	 example,	 India	 pledged	 to	 reduce	 emissions	 by	 so
little	that	its	promises	are	likely	to	be	achieved	without	any	new	climate	policies
at	all,	and	it	will	have	met	its	obligations	even	if	its	emissions	increase	by	more
than	fourfold	from	1990	to	2030.15

A	2018	study	finds	that	of	the	157	countries	to	have	promised	emissions	cuts
in	 the	 Paris	 Agreement,	 only	 seventeen	 have	 passed	 laws	 to	 do	 so.	 In	 other
words,	only	one	in	ten	countries	is	taking	the	necessary	steps	to	get	on	track	to
achieve	what	they	promised.	These	are	not	the	biggest	countries.	The	nations	are
Algeria,	Canada,	Costa	Rica,	Ethiopia,	Guatemala,	 Indonesia,	 Japan,	Malaysia,
Mexico,	 Montenegro,	 North	 Macedonia,	 Norway,	 Papua	 New	 Guinea,	 Peru,
Samoa,	Singapore,	and	Tonga.	The	world	will	not	be	saved	by	emissions	cuts	in
North	Macedonia,	population	two	million,	and	certainly	not	by	the	most	drastic
actions	that	could	be	taken	by	Tonga,	population	108,000.16

Every	single	major	industrialized	country	is	failing	to	live	up	to	the	promises
it	made	under	the	Paris	Agreement,	and	the	few	countries	on	track	are	too	small
to	make	any	significant	impact	at	all.

SUPPORTERS	OF	THE	Paris	Agreement	 sometimes	 accept	 that	 the	 promises
through	 to	2030	will	achieve	next	 to	nothing,	but	 then	argue	 that	 further	down



the	road,	the	pact	has	the	potential	to	achieve	much,	much	more.	To	justify	this
boosterism,	 they	 imagine	 that	 countries	 will	 change	 course	 and	 actually	 start
delivering	on	their	pledges,	and	that	they	will	go	even	further	after	2030.

So,	 what	 if	 we	 give	 the	 politicians	 the	 benefit	 of	 the	 doubt?	 What	 if	 we
imagine	 that	 governments	 break	 with	 historic	 precedent	 and	 honor	 their
commitments,	 even	 though	 they	 failed	 to	 honor	 commitments	 made	 in	 past
climate	deals?	What	if	we	even	assume	that	they	will	continue	to	honor	the	Paris
Agreement	pledges	not	just	until	2030,	but	for	the	rest	of	the	century?

This	is	incredibly	unrealistic.	The	two	previous	global	climate	agreements	in
Rio	de	Janeiro	in	1992	and	in	Kyoto	in	1997	came	to	almost	nothing	at	the	end
of	their	deal	periods,	and	certainly	they	were	not	prolonged	for	another	seventy
years.	 Nonetheless,	 it’s	 worth	 setting	 out	 such	 an	 artificial	 scenario	 just	 to
illustrate	what	we	would	achieve,	in	this	hypothetically	“best	case”	scenario.

Extending	the	Paris	commitments	to	2100	would	deliver	cuts	equal	to	540	Gt
of	carbon	dioxide.	Translated	into	an	effect	on	temperature,	it	would	reduce	the
increase	in	temperature	rises	by	the	end	of	the	century	by	a	tiny	0.4°F.17

To	 justify	 their	 support	 for	 the	Paris	Agreement,	 some	backers	 assume	 not
only	 that	 all	 of	 today’s	 promises	 will	 be	 delivered,	 but	 that	 future	 climate
conferences	will	 lead	 to	global	pacts	with	ever	 larger	 carbon-cutting	promises.
They	assume	all	of	those	promises	will	also	be	delivered.	And	then	they	attribute
all	 of	 those	 imaginary,	 future	 reductions	 to	 the	 Paris	 Agreement.	 The	 global
warming	 policy	 campaigners	 who	 run	 the	 influential	 Climate	 Action	 Tracker
website	make	all	these	assumptions,	and	as	a	result	they	conjure	fifty	times	more
reductions	from	the	Paris	Agreement	than	were	actually	promised	in	Paris.18

This	approach	is	astonishingly	misleading.	It’s	as	if	I	promised	to	skip	eating
a	 piece	 of	 cake	 today	 and	 told	 you	 that	 as	 a	 result	 I	 would	 lose	 twenty-five
pounds	over	the	next	year.	No,	that	result	requires	my	not	only	making	a	promise
for	one	day,	but	also	taking	action	over	twelve	entire	months.	Promising	to	take
a	 first	 step	 is	 important	 but	 it	 isn’t	 the	 same	 thing	 as	 starting,	 and	 it	 certainly
isn’t	the	same	as	finishing	the	entire	journey.

At	 the	 Paris	 climate	 summit,	 politicians	 also	 promised	 to	 keep	 global
temperature	 from	 ever	 rising	 beyond	 3.6°F	 (the	 so-called	 2°C	 limit).
Accomplishing	 this	 would	 mean	 cutting	 eighty	 times	 more	 carbon	 emissions
than	were	 actually	 promised	 (and	 remember,	 they	 are	 not	 on	 track	 to	 achieve
even	that	much).	To	achieve	the	3.6°F	target,	we	would	literally	need	new	and
additional	 carbon	 cuts	 of	 the	 same	 size	 as	 those	 in	 the	Paris	Agreement	every
single	 year	 from	 2020	 to	 2100	 (and	 we	 would	 need	 them	 to	 be	 actually



delivered,	not	 just	promised).	The	politicians	even	went	 so	 far	as	 to	declare	 in
their	 agreement	 that	 they	 wanted	 to	 limit	 the	 global	 temperature	 increase	 to
below	2.7°F	 (1.5°C),	which	would	mean	cutting	one	hundred	 times	more	 than
what	 was	 promised	 in	 Paris.	 It	 is	 therefore	 accurate	 to	 say	 that	 the	 Paris
Agreement—even	 if	 actually	 achieved—provides	 us	 with	 only	 one	 percent	 of
what	politicians	are	promising.

Currently	we	have	promised	to	spend	$1–$2	trillion	every	year,	and	we	won’t
be	able	to	tell	 the	difference	in	temperature	even	in	a	hundred	years.	Indeed,	 it
turns	 out	 that	 if	 we	 measure	 all	 the	 benefits	 of	 reduced	 climate	 damage	 in
monetary	 terms,	 every	 dollar	 the	 Paris	 Agreement	 costs	 will	 avoid	 just	 11¢
worth	of	long-term	climate	damage.	That	isn’t	sensible.19

SO	OFTEN	TODAY	we	hear	campaigners	and	politicians	say	the	real	problem
is	simply	 that	promises	have	not	gone	far	enough.	 Indeed,	since	 the	signing	of
the	Paris	Agreement	 it	 has	become	more	and	more	 fashionable	 to	 suggest	 that
entire	nations	should	go	net-zero;	that	is,	stop	contributing	carbon	dioxide	to	the
atmosphere	 by	 2050	 or	 sooner.	 More	 than	 sixty	 countries	 have	 promised	 to
achieve	 carbon	 neutrality	 within	 the	 next	 thirty	 years.	 The	 biggest	 emitters—
China,	 the	United	States,	 and	 India—are	not	among	 them.	The	biggest	nations
that	have	made	the	pledge	are	the	UK,	France,	and	Germany.	Finland	has	said	it
will	aim	for	carbon	neutrality	by	2035,	while	Norway	is	aiming	for	neutrality	by
2030.	Australia	hasn’t	made	a	net-zero	commitment,	but	four	of	its	states	have.
Within	the	US,	New	York	and	California	are	aiming	to	achieve	carbon	neutrality
by	2050.20

All	this	is	far	easier	said	than	done.	It	is	going	to	be	very	expensive.	And,	in
every	case,	the	promise	is	likely	to	be	broken.

It	 is	 instructive	to	look	at	 the	case	of	New	Zealand.	It	was	actually	the	first
country	in	the	world	to	promise	to	go	carbon	neutral.	It	is	also	the	first	country	to
have	spectacularly	 failed,	and	 the	first	 to	promise	for	a	second	 time	 to	achieve
the	same	thing.

In	2007,	Prime	Minister	Helen	Clark	declared	her	vision	was	 that	 the	small
nation	would	become	carbon	neutral	by	2020.	She	was	celebrated	by	the	United
Nations	as	a	“Champion	of	 the	Earth.”	If	only	cutting	carbon	was	as	simple	as
winning	attention.	New	Zealand	not	only	 failed	 to	 achieve	 the	vision,	but	 also
failed	even	to	reduce	any	emissions.	The	latest	2019	official	statistics	show	that
the	 country’s	 total	 emissions	will	 be	higher	 in	2020	 than	 they	were	when	Ms.
Clark’s	ambition	was	declared.	New	Zealand	is	on	track	to	be	a	whopping	123



percent	 off	 Ms.	 Clark’s	 vision.	 Yet,	 in	 2018,	 Prime	 Minister	 Jacinda	 Ardern
reupped	the	pledge,	promising	to	achieve	carbon	neutrality	by	2050.	Legislation
aimed	at	achieving	that	goal	was	passed	in	2019.21

New	 Zealand	 is	 a	 fascinating	 case	 study	 because,	 to	 its	 credit,	 Ardern’s
government	actually	asked	its	leading	economic	authority	to	estimate	the	cost	of
her	 promise.	 Thus,	 we	 have	 what	 is	 likely	 the	 only	 official,	 academically
credible	estimate	of	what	it	will	cost	to	achieve	carbon	neutrality.	This	research,
undertaken	 by	 the	 leading	 independent	 economic	 think	 tank	 in	 New	 Zealand,
shows	 that	 just	 getting	 halfway	 to	 the	 target—cutting	 50	 percent	 of	 New
Zealand’s	emissions	by	2050—would	cost	at	least	$19	billion	annually	by	2050.
For	a	small	country	with	a	population	similar	to	that	of	the	Republic	of	Ireland
or	 the	 state	 of	 South	 Carolina,	 that’s	 a	 big	 deal,	 about	 what	 the	 government
spends	now	on	its	entire	education	and	health	care	system.22

And	it	is	only	the	cheapest	cost	of	getting	halfway	to	Ardern’s	target.	Getting
all	the	way	will	likely	amount	to	more	than	$61	billion	annually,	or	16	percent	of
GDP	by	2050.	That	is	more	than	New	Zealand	today	spends	on	social	security,
welfare,	health,	education,	police,	courts,	defense,	environment,	and	every	other
part	of	government	combined.23

To	achieve	their	promise,	New	Zealanders	will	need	to	accept	an	escalating
carbon	 tax	 that	ends	up	so	phenomenally	high	 that	 it	would	be	equivalent	 to	a
gasoline	tax	of	$8.33	per	gallon.	And	even	the	16	percent	GDP	cost	relies	on	a
fairy-tale	 assumption	 that	 every	 single	 policy	will	 be	 enacted	 as	 efficiently	 as
possible.	 Bearing	 in	mind	 the	 evidence	 that	 costs	 double	 in	 the	 real	 world,	 it
could	be	32	percent	or	more.24

The	 cost	 doesn’t	 just	 start	 in	 2050,	 which	 would	 make	 it	 easy	 to	 ignore.
Getting	 there	 requires	 policies	 starting	 in	 2020,	 meaning	 the	 costs	 will	 start
coming	in	now,	ramp	up	to	16–32	percent	in	2050,	and	stay	there	for	the	rest	of
the	century.

Across	the	century,	the	cost	adds	up	to	more	than	$5	trillion	and	could	reach
beyond	$11	trillion.	If	we	imagine	each	New	Zealander	paying	an	equal	share	of
this	amount	every	year	across	the	century,	the	cost	would	be	the	equivalent	of	at
least	 $12,800	 for	 every	 single	 New	 Zealander,	 every	 year.	 If	 the	 policies	 are
done	badly,	as	they	have	been	done	so	far	across	the	globe,	the	cost	per	person
could	even	go	beyond	$25,000	per	year.25

As	a	back-of-the-envelope	exercise,	 if	we	took	the	percentage	cost	of	going
carbon	neutral	in	New	Zealand	by	2050	and	applied	it	to	the	United	States,	that
would	 imply	a	cost	of	 at	 least	$5	 trillion	 in	 today’s	money.	Not	 just	once,	but



every	single	year.	That	is	higher	than	the	entire	current	federal	spending	of	$4.5
trillion.	 And	 again,	 under	 realistic	 assumptions	 the	 amount	 could	 be	 closer	 to
$10	trillion	a	year.26

But	at	least	New	Zealand	will	help	the	world	in	dealing	with	climate	change,
right?	 Even	 if	 the	 country	 will	 be	 going	 through	 a	 huge	 and	 protracted,	 self-
inflicted	cost,	it	will	also	deliver	some	good?	Yes.	But	barely.

Let’s	get	a	sense	of	 the	size	of	 the	 impact.	 If	we	assume	 that	New	Zealand
this	 time	 will	 actually	 deliver	 on	 its	 net-zero	 promise	 in	 2050	 and	 stick	 to	 it
throughout	the	rest	of	the	century,	the	total	amount	of	greenhouse	gas	reduction
will,	according	to	 the	standard	estimate	from	the	UN’s	climate	panel,	deliver	a
temperature	reduction	in	the	year	2100	of	0.004°F,	or	about	four-thousandths	of
one	degree	Fahrenheit.	Given	the	expected	temperature	increase	by	around	2100,
this	means	that	New	Zealand	going	net-zero	by	2050	will	postpone	the	warming
that	we	expected	to	see	on	January	1,	2100,	by	about	three	weeks	to	January	23,
2100.27

So,	 New	 Zealand	 is	 considering	 spending	 at	 least	 $5	 trillion	 to	 deliver	 an
impact	by	the	end	of	the	century	that	will	be	physically	unmeasurable.	This	will
make	 it	hard	 to	get	Kiwis	 to	 support	 such	strong	climate	policies	continuously
for	 the	 next	 eighty	 years.	 Sooner	 or	 later,	 and	 likely	 sooner,	 a	 politician	 is
successfully	going	to	argue	to	dump	the	net-zero	promise	that	will	deliver	zilch
in	a	century,	and	 instead	double	spending	on	 things	 like	health,	education,	and
environment,	and	get	some	tax	reductions.

THERE	 HAS	 NEVER	 been	 an	 official	 estimate	 of	 the	 cost	 of	 the	 Paris
Agreement,	 nor	 has	 there	 been	 one	 that	 gives	 a	 meaningful	 evaluation	 of	 its
impact.	Looking	at	the	numbers,	it	is	obvious	why.

The	Paris	Agreement	will	be	the	costliest	pact	ever	agreed	to,	by	far.	It	will
cost	us	$1–$2	trillion	per	year	from	2030	onward,	if	actually	fully	implemented.
Yet	the	agreement	will	do	almost	nothing	for	the	climate:	all	of	its	promises	will
reduce	the	temperature	rise	by	the	end	of	the	century	by	an	almost	imperceptible
0.05°F.	And	none	of	 the	big	 emitting	 countries	 are	 anywhere	 close	 to	 actually
delivering	on	their	promises.

Spending	trillions	to	achieve	almost	nothing	is,	not	surprisingly,	a	bad	idea.
Every	dollar	spent	will	produce	climate	benefits	worth	just	11¢.

Surely,	we	can	do	better.	Right	now,	we’re	pursuing	a	policy	that	won’t	solve
climate	 change—not	 even	 close—and	 that	will	waste	 trillions	 of	 dollars	 along
the	way.



Footnotes

3	Under	the	Trump	presidency,	the	United	States	has	announced	a	decision	to	leave	the	Paris	Agreement.
However,	this	will	only	take	effect	in	late	2020	after	the	presidential	election,	so	at	the	time	of	this	writing,
the	US	is	still	a	signatory	bound	by	its	promises.
4	Since	carbon	dioxide	is	the	most	prominent	greenhouse	gas,	we	often	just	talk	about	carbon	dioxide,	but
there	are	many	other	greenhouse	gases,	 like	methane.	To	keep	 life	simple,	we	are	converting	all	of	 those
gases	 according	 to	 the	 international	 standard	 into	 carbon	 dioxide,	 or	 what	 is	 technically	 called	 “carbon
dioxide	equivalents.”
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PICK	A	PATH:	WHICH	FUTURE	IS	BEST?

IMAGINE	 IF	 EIGHTY	 YEARS	 AGO,	 in	 1940,	 you	 had	 a	 choice.	 Looking
ahead	 through	wars,	 upheavals,	 discoveries,	 and	opportunities,	 you	 could	have
set	the	United	States	on	track	to	have	either	a	slightly	higher	or	a	slightly	lower
average	 economic	 growth	 rate.	 It	 wouldn’t	 be	 by	much.	 Per	 person,	 it	 would
mean	a	growth	rate	of	either	1.27	percent	or	1.89	percent—just	0.62	percentage
points	difference.

It	would	seem	obvious	to	most	people	to	pick	the	higher	growth	rate,	making
sure	 we	 would	 provide	 our	 children,	 grandchildren,	 and	 their	 children	 and
grandchildren	with	more	possibilities	and	opportunities.	Yet,	many	people	would
probably	 be	 surprised	 by	 the	magnitude	 of	 this	 small	 increase	 in	 growth	 over
time.	 Because	 growth	 rates	 compound	 over	 the	 years,	 the	 higher	 growth	 rate
would	 deliver	 a	 nation	 of	 individuals	 who	 would	 be	 two-thirds	 richer	 in	 just
eight	decades.

This	 is	 the	 choice	 the	 rich	world	 faces	 today,	when	discussing	 the	 climate.
And	the	choice	is	even	starker	for	the	world’s	poor.	Spurred	on	by	activists	and
campaigners,	many	global	leaders	are	poised	to	pick	the	lower-growth	pathway,
condemning	our	children	and	grandchildren	 to	a	worse	existence,	and	ensuring
that	 the	world’s	 poorest	 are	 trapped	 in	 a	 future	with	 fewer	 opportunities,	 less
prospects,	and	less	welfare,	to	the	tune	of	$500	trillion.	Per	year.

THE	 GLOBAL	 APPROACH	 to	 cutting	 carbon	 dioxide	 has	 mostly	 failed	 for
three	decades.	Yet,	the	climate	policies	resulting	from	that	approach	are	likely	to
cost	us	a	fortune.	By	2030,	the	Paris	Agreement	will	cost	$1	trillion	or	more	per
year.	But	this	is	just	the	start.	Climate	panic	is	likely	to	end	up	costing	humanity
hundreds	of	trillions	of	dollars,	every	single	year.1



This	sounds	like	an	extreme	claim,	but	it	is	based	on	studies	undertaken	over
a	number	of	years	by	researchers	working	for	the	United	Nations	climate	science
panel,	the	IPCC,	and	published	in	2017.	They	examined	five	different	plausible
scenarios	 for	 the	 future,	 called	 the	 Shared	 Socioeconomic	 Pathways,	 or	 SSPs.
The	pathways	 rely	on	complex	modeling	with	a	huge	 range	of	different	 inputs
and	 assumptions	 to	 establish	 various	 broad,	 plausible	 futures.	 The	 researchers
who	 created	 these	 models	 looked	 at	 factors	 ranging	 from	 geopolitics	 to
economics,	trade,	migration	patterns,	education,	and	health.2

All	of	the	pathways	show	a	world	in	which	people	get	richer	over	the	coming
century.	 That	 prediction	 is	 soundly	 based	 on	 history:	 we	 spent	 the	 last	 two
hundred	 years	 growing	 the	 average	 global	 GDP	 per	 person	 by	 1,600	 percent,
from	 $1,100	 to	 about	 $17,500	 today.	 But,	 depending	 on	 which	 pathway	 we
choose,	there	are	vast	differences	in	how	much	wealthier	people	will	be.3

The	lowest	increase	takes	place	if	we	go	down	a	pathway	the	researchers	call
Regional	Rivalry—A	Rocky	Road.	 In	 this	vision	of	 the	 future	 (see	 figure	9.1),
nationalism	 surges	 in	 many	 countries.	 That	 means	 there	 is	 less	 interest	 in	 a
shared	 response	 to	global	warming.	What’s	more,	 governments	 focus	more	on
domestic	 challenges	 and	 national	 security	 instead	 of	 working	 together	 or
investing	 in	 education	 and	 technological	 development.	 As	 a	 result,	 economic
development	 is	 sluggish,	 and	 income	 inequalities	 persist	 or	worsen	 over	 time.
Population	growth	is	low	in	industrialized	countries	and	high	in	developing	ones.
The	environment	is	given	a	low	priority	globally,	meaning	that	in	some	regions
environmental	challenges	worsen.	Even	 in	 this	depressing	and	 fractious	 future,
average	GDP	per	person	in	2100	will	be	170	percent	of	today’s	level.

The	second-worst	outcome	occurs	if	we	go	down	a	pathway	called	Inequality
—A	 Road	 Divided,	 where	 the	 world	 splits	 into	 two:	 rich,	 well-educated
countries	 on	 one	 side,	 and	 poor,	 less-educated	 countries	 with	 labor	 intensive,
low-tech	 economies	 on	 the	 other	 side.	 While	 there	 are	 large	 investments	 in
health	and	education	in	the	rich	world,	poor	countries	are	unable	to	make	these
investments,	 and	 increasing	 disparities	 in	 economic	 opportunity	 and	 political
power	lead	to	a	growing	gap	between	them.	The	gap	between	the	rich	and	poor
worsens	within	countries,	 too,	so	social	cohesion	degrades.	Conflict	and	unrest
become	 increasingly	 common.	 Rich	 countries	 make	 investments	 in	 the
environment,	but	poor	countries	do	not.	Even	in	this	grim	scenario,	by	the	end	of
the	century	average	GDP	per	person	will	grow	to	290	percent	of	today’s	level.



FIGURE	9.1	GDP	per	person	across	the	world	for	the	UN’s	five
scenarios,	2005–2100.	To	the	right,	the	GDP	per	person	in	2100	in

percentage	of	its	2020	value.4

In	 the	 Middle	 of	 the	 Road	 scenario,	 social,	 economic,	 and	 technological
trends	look	very	similar	to	their	historical	pattern.	It	is	a	scenario	not	dissimilar
to	 today,	 where	 many	 problems	 remain	 and	 many	 solutions	 are	 underfunded.
There	is	slow	progress	in	health	and	education,	and	technology	advances	without
major	breakthroughs.	Development	and	income	growth	proceed	fairly	unevenly,
with	some	countries	falling	behind.	Global	and	national	institutions	continue	to
make	slow	progress	in	achieving	the	Sustainable	Development	Goals,	the	UN’s
global	development	agenda.	Yet,	as	we	bumble	our	way	ahead,	growth	over	the
next	eight	decades	will	deliver	GDP	per	person	that	is	450	percent	of	today’s.	In
a	 2018	 survey	 of	 prominent	 economists,	 this	 outcome	 is	 actually	 seen	 as	 the
most	likely	outcome	for	the	twenty-first	century.5

And	then	there	are	two	other	pathways:	the	two	“best”	scenarios,	leading	to
the	highest	 income	growth.	They	offer	us	 two	completely	different,	conflicting
approaches	to	making	the	world	better	off	in	2100.

One	is	the	Sustainable	Development	or	Green	Road	pathway.	This	is	an	eco-
scenario	 in	 which	 there	 is	 more	 global	 harmony	 and	 cooperation.	 The	 world
focuses	 on	 reducing	 the	 environmental	 impact	 of	 consumer	 consumption	 and
ensuring	 that	 economic	 growth	 creates	 a	 smaller	 footprint	 on	 the	 planet.
Governments	 worldwide	 make	 big	 investments	 in	 education	 and	 health	 along
with	rapid	technological	development.	Nonetheless,	many	policies	are	designed



to	 ensure	 that	 people	 use	 fewer	 resources	 and	 less	 energy,	 such	 as	 by	 cutting
meat	diets	 and	 lowering	consumption.	As	a	 result,	 total	man-made	greenhouse
gas	emissions	are	lower	and	the	scenario	sees	the	lowest	temperature	rise	of	all
five	pathways.	This	world	will	deliver	a	GDP	per	person	that	is	600	percent	of
today’s	level.

The	 final	 pathway	 is	 called	 Fossil-fueled	 Development	 or	 Conventional
Development.	Down	this	pathway,	the	world’s	sharp	focus	is	on	growth.	This	is
achieved	through	strong,	competitive	markets	and	policies	that	foster	innovation
and	 build	 human	 capital	 through	massive	 investment	 in	 health	 and	 education.
The	 world	 focuses	 on	 rapid	 technological	 development.	 Countries	 exploit
abundant	 fossil	 fuel	 resources	 to	 support	 resource-	 and	 energy-intensive
lifestyles.	Greenhouse	gas	emissions	are	much	higher	and	this	scenario	sees	the
highest	 temperature	 rise	 by	 2100.	 Nonetheless,	 much	 more	 is	 invested	 in
adaptation,	and	local	environmental	problems	like	air	pollution	are	successfully
managed.	Here,	average	GDP	per	person	soars	more	than	tenfold,	hitting	1,040
percent	of	today’s	GDP	per	person.6

Both	of	these	scenarios	will	see	the	average	person	on	the	planet	in	2100	with
GDP	 per	 capita	 over	 $100,000.	 That	may	 sound	 fanciful	 to	 us	 today,	 but	 top
economists	 give	 these	 final	 two	 pathways	 a	 one	 in	 three	 and	 one	 in	 four
probability,	respectively.7

Both	of	these	scenarios	will	deliver	amazing	welfare	for	the	average	person,
but	the	fossil	fuel	pathway	delivers	much	more.	Both	of	these	scenarios	will	also
see	extreme	poverty	almost	eradicated	by	midcentury,	but	the	fossil	fuel	pathway
will	 do	 so	 sooner—over	 the	 next	 three	 decades,	 the	 green	 scenario	 will	 see
twenty-six	million	more	extreme	poor	every	year.	And	both	of	 these	pathways
will	 see	 a	 dramatic	 decline	 in	 inequality	 between	 nations.	 All	 of	 the	 five
pathways	expect	 inequality	 to	drop,	as	 the	poorer	world	partly	catches	up	with
the	richer	world.	But	especially	the	green	and	the	fossil	fuel	pathways	will	see	a
dramatic	reduction	in	inequality	between	nations.	By	2100	under	both	scenarios,
inequality	will	be	lower	than	it	has	been	for	the	past	two	centuries.	And	perhaps
surprisingly,	 the	 fossil	 fuel	 scenario	 will	 be	 even	 more	 equal	 than	 the	 green
scenario.8

The	 research	 identifying	 different	 pathways	 gives	 us	 a	 really	 clear	 way	 of
looking	at	the	options	in	front	of	us.	These	are	all	scenarios	that	the	researchers
deem	plausible	from	where	we	are	now.	It’s	reassuring	to	note	that	none	of	the
options	 is	 a	Mad	 Max–type	 dystopian	 future.	 Even	 in	 the	 worst	 of	 the	 five
scenarios,	 people	 end	 up	 better	 off	 than	 today.	 But	 we	 should	 be	 aiming	 to



ensure	 that	 future	generations	are	 in	 the	best	situation	possible.	So	with	 that	 in
mind,	we	can	dig	deeper	into	the	differences	between	the	five	pathways.

PERHAPS	THE	MOST	important	point	that	is	clear	from	these	scenarios	is	that
when	governments	 invest	more	 in	education,	health,	and	technology,	 the	world
becomes	tremendously	better	off,	with	less	poverty	and	reduced	inequality.

If	 nobody	 invests	 in	 education,	 health,	 and	 technology	 (as	 happens	 in
“regional	rivalry”),	or	only	the	world’s	well-off	countries	do	(as	in	“inequality”),
the	world	ends	up	worse	off,	more	unequal,	and	with	many	more	poor	than	in	the
other	 scenarios.	 If	 governments	 invest	 modestly	 in	 all	 three	 areas	 (as	 in	 the
“middle	 of	 the	 road”	 scenario),	 there	 are	 modest	 improvements	 in	 income,
inequality,	 and	 poverty.	 But	 significant	 investment	 in	 education,	 health,	 and
technology	(as	in	the	“green”	and	“fossil	fuel”	futures)	means	that	the	world	will
be	a	much	better	place	by	2100,	with	very	high	 incomes,	virtually	no	extreme
poverty,	and	little	inequality	between	nations.

In	the	worst	scenarios,	the	global	spread	of	education	crumbles.	In	the	bottom
two	scenarios,	only	about	half	of	all	adults	will	get	a	high	school	education	or
higher,	 and	a	quarter	will	be	without	 any	education	by	 the	end	of	 the	 century.
Illiteracy,	which	 is	at	12	percent	 today,	will	 increase	 to	almost	one-fifth	of	 the
world.	Globally,	life	expectancy	will	increase	at	most	by	a	couple	of	years	over
the	next	eight	decades.9

In	 the	 two	 best	 scenarios,	 almost	 everyone	 will	 have	 a	 high	 school	 or
university	 degree,	 illiteracy	 will	 have	 been	 almost	 completely	 eradicated,	 and
life	expectancy	will	reach	nearly	one	hundred	years	of	age.

The	most	important	policy	choices	in	these	scenarios	have	nothing	to	do	with
climate	 change.	We	need	healthy	populations	 that	 are	highly	 educated,	 able	 to
develop,	and	use	advanced	technology.	If	we	can	manage	this	vital	challenge,	it
is	likely	that	the	end	of	the	century	will	see	a	world	somewhere	between	six	and
ten	 times	 richer,	 much	 more	 equal,	 and	 which	 has	 long	 eradicated	 extreme
poverty.

IT	 IS	NOW	OBVIOUS	 that	policy	choices	matter	hugely	 in	determining	what
the	future	looks	like.	The	wrong	decisions	will	make	us	poorer	and	less	literate;
the	 right	 ones	 will	 make	 us	 richer,	 more	 educated,	 and	 healthier.	 But	 which
decisions	will	be	best	for	us	as	citizens	of	planet	Earth?

If	we	asked	most	pundits	today	which	scenario	they	prefer—the	sustainable,



green	 scenario	 or	 the	 traditional,	 fossil-fuel-driven	 scenario—it	 seems	 fair	 to
expect	 that	 the	 overwhelming	majority	would	 go	with	 the	 green	 scenario	 in	 a
heartbeat.	We	have	become	so	focused	on	global	warming	that	the	choice	seems
blatantly	obvious.

But	let’s	drill	down	into	the	differences	between	the	two,	because	there	is	a
huge	disparity	in	outcomes.

Going	down	the	“green”	pathway,	the	average	person	in	the	world	will	be	six
times	as	rich	in	2100	compared	to	2020	(see	figure	9.2).	Average	income	in	2100
will	be	an	astounding	$106,000	in	today’s	currency.	That	is	a	great	achievement.

Remember,	being	better	off	correlates	 to	better	health	outcomes	and	greater
life	 satisfaction.	 More	 prosperity	 means	 more	 overall	 welfare:	 a	 general
improvement	 in	 well-being	 and	 satisfaction.	 So	 we	 can	 reasonably	 say	 that
overall	 global	welfare	 is	 six	 times	 higher	 in	 2100	 under	 the	 “green”	 pathway.
That’s	a	great	scenario.

FIGURE	9.2	Global	GDP	per	person,	2005–2100,	for	the	green	and	the
fossil	fuel	scenarios.	The	dashed	lines	show	the	GDP	per	person	in

dollars.	But	higher	temperatures	also	mean	more	climate	damages.	The
full	lines	show	the	GDP	per	person	after	deducting	climate	damages.10

But	down	the	“fossil	fuel”	pathway,	the	average	person	will	be	10.4	times	as
rich.	That	is	a	lot	better.	On	average	each	person	would	earn	$182,000	per	year.
This	is	$76,000	more	per	person	per	year	in	2100.	This	is	much	better	than	the
“green”	scenario.	A	 ten	 times	 increase	 in	welfare	 is	an	astonishing	success.	Of
course,	it’s	very	reasonable	to	worry	that	the	“fossil	fuel”	pathway	will	actually



increase	human	misery	once	we	take	global	warming	into	account.
Using	the	damage	estimates	that	William	Nordhaus	found,	based	on	the	work

by	the	United	Nations	as	we	discussed	in	chapter	5,	we	can	identify	the	climate
impact	on	global	welfare.	The	scenarios	tell	us	how	much	warmer	it	will	be:	the
green	pathway	takes	us	to	a	moderate	temperature	rise	of	5.8°F	by	the	end	of	the
century,	and	the	“fossil	fuel”	pathway	leads	us	to	a	much	warmer	rise	of	8.7°F.
These	 levels	 of	 temperature	 rise	 will	 mean	 that	 the	 actual	 prosperity	 in	 the
“green”	scenario	will	be	slightly	lower	(2.5	percent)	by	the	end	of	the	century,	as
seen	 in	 figure	9.2.	Put	 into	 financial	 terms,	 the	climate	damage	per	person	per
year	will	be	about	$3,000.	Yet,	the	remaining	prosperity	or	welfare	per	person	in
2100	will	still	be	worth	a	fantastic	$103,000	per	person.

The	temperature	rise	will	be	greater	in	the	fossil	fuel	scenario	and	hence	the
damage	will	be	bigger	too	(at	5.7	percent)	at	the	end	of	the	century,	adding	up	to
about	$11,000	per	person	per	year.	Deducting	this	cost	from	the	expected	GDP
per	person	means	a	welfare	of	$172,000	per	person	per	year	in	2100.

This	 is	 important	 and	 bears	 repeating:	 a	 straight	 comparison	 of	 GDP	 per
person	in	dollars	shows	a	difference	between	the	two	scenarios	at	the	end	of	the
century	 of	 $76,000.	 But	 climate	 change	 will	 cause	 net	 problems	 in	 both
scenarios	 that	 reduce	 our	 prosperity	 or	 welfare.	 In	 the	 “fossil	 fuel”	 scenario,
global	 warming	 will	 cause	 problems	 worth	 $11,000	 per	 person	 each	 year,
whereas	in	the	cooler	“green”	scenario	the	costs	will	be	much	smaller	at	$3,000.
So	the	difference	in	welfare,	after	we	have	deducted	the	climate	damages,	is	now
a	slightly	smaller	$69,000	(which	is	the	difference	between	$103,000	per	person
in	 the	 “green”	 pathway	 and	 the	 $172,000	 in	 the	 “fossil	 fuel”	 pathway).	 Even
after	 taking	 into	 account	 the	 climate	 damage,	 the	 extra	 welfare	 benefit	 of	 the
“fossil	fuel”	pathway	is	still	remarkably	large.

Look	at	 it	another	way.	 If	we	 follow	 the	“fossil	 fuel”	pathway,	 the	average
welfare	in	2076,	after	we	have	deducted	the	climate	damage,	will	be	$79,800	for
every	 person	 in	 the	 world.	 Under	 the	 “green”	 scenario	 we	 won’t	 reach	 that
welfare	before	2100.	Choosing	the	latter	means	we’re	literally	holding	the	world
back	 by	 a	 generation.	 By	 the	 end	 of	 the	 century,	 the	 difference	 for	 the	 entire
world	population	is	a	staggering	$509	trillion	per	year.

This	is	the	choice	we	are	faced	with.	Just	like	the	hypothetical	choice	in	1940
between	 two	pathways,	we	have	 to	ask,	why	would	we	choose	a	poorer	world
with	fewer	opportunities	for	our	children	and	grandchildren?

WHAT	I’M	ARGUING	HERE,	that	we	should	pick	the	higher-growth	pathway,



runs	 counter	 to	 the	 arguments	 of	 many	 climate	 change	 campaigners,	 and	 is
especially	at	odds	with	 the	views	of	 a	vocal	minority	who	believe	 that	growth
needs	to	be	stopped	altogether	for	the	sake	of	the	planet.

In	 late	 2018,	 nearly	 240	 academics	 signed	 a	 letter	 declaring	 that	 economic
growth	is	bad	for	the	planet.	They	reject	“sustainable”	and	“inclusive”	growth	as
insufficient	 concepts,	 and	 argue	 that	 instead	 indicators	 of	 resource	 use	 and
inequality	 should	 be	 given	 a	 higher	 priority	 than	 GDP	 in	 political	 decision
making,	that	income	should	be	capped,	and	that	working	time	should	be	reduced.
They	and	global	supporters	of	the	“no-growth	economy”	have	held	conferences
in	Mexico	City,	Mexico;	Malmö,	Sweden;	and	Brussels,	Belgium.11

This	is	a	movement	that	says	more	about	the	self-indulgence	of	rich	country
academics	 than	 anything	 else.	But	 it	 is	worth	 emphasizing	 how	dangerous	 the
concept	is.

Obviously,	the	supporters	of	no-growth	would	argue	that	they	do	not	merely
want	 to	 stop	 economic	 growth,	 but	want	 to	 encourage	more	 education,	 health,
and	technology,	especially	for	the	world’s	poorest.	But	in	a	realistic	world,	less
or	no	growth	means	that	distributional	fights	become	more	vicious,	and	it	seems
naive	to	expect	that	ever-increasing	shares	of	a	small	cake	would	go	to	the	least
powerful.	What	is	clear	is	that	of	the	UN’s	different	projected	futures,	the	low-
growth	scenarios	are	utterly	unattractive,	most	especially	for	the	world’s	poor.

Heeding	the	call	of	no-growth	would	likely	mean	we	would	have	much	fewer
resources	for	health	care,	education,	and	technology.	This	outcome	would	trap	us
in	a	world	with	 far	 fewer	 resources	 to	 further	human	welfare.	 In	 this	 scenario,
the	anti-growth	campaigners	would	have	succeeded	in	ensuring	the	world	is	only
a	 small	 amount	 richer	 by	 the	 end	 of	 the	 century.	 Our	 dramatic	 progress	 in
eradicating	poverty	would	be	halted.	The	world	would	be	a	much	bleaker	place
—less	healthy,	less	educated,	less	technologically	advanced.

PICKING	 A	 LOWER-GDP	 PATHWAY	 does	 not	 just	 mean	 accepting
dramatically	 lower	 welfare.	 The	 harsh	 reality	 is	 that	 reducing	 income	 also
literally	kills	people.

Being	 richer	means	 living	 a	 safer	 life.	When	 you	 have	 a	 higher	 income,	 it
allows	 you	 to	 buy	more	 risk	 reduction,	 from	 safer	 cars,	 to	 bicycle	 helmets,	 to
better	 medical	 care	 and	more	 nutritious	 food.	 Researchers	 have	 looked	 at	 the
impact	 of	 higher	 incomes	 and	 found	 that	 they	 lead	 to	 lower	 death	 rates,	 both
because	you	can	afford	more	health	care	and	because	you	can	afford	to	give	your
children	 better	 opportunities.	 All	 of	 this	 means	 that	 kids	 are	 more	 likely	 to



survive	and	to	thrive	in	adulthood.	Having	$69,000	worth	of	higher	welfare	for
every	person	for	every	year	can	make	you	a	lot	safer.	Using	the	estimates	in	the
literature,	it	is	likely	that	by	the	end	of	the	century	the	“green”	pathway	will	see
three	million	more	deaths	each	year	compared	to	the	“fossil	fuel”	pathway.12

We	 stand	 at	 a	 forked	 road,	 with	 different	 paths	 ahead	 of	 us.	 Our	 fear	 of
climate	 change	 is	 pushing	 us	 down	 the	 “sustainability”	 pathway.	 This	 sounds
like	 things	 we	 need:	 more	 inclusive	 development	 that	 respects	 environmental
boundaries,	 shifting	 our	 emphasis	 away	 from	 economic	 growth,	 and	 reducing
our	consumption.	Yet,	the	result	is	that	humanity	will	be	$500	trillion	worse	off,
with	more	poor	people,	more	inequality,	less	opportunity,	and	millions	of	more
premature	 deaths	 than	 if	 we	 decide	 on	 the	 “fossil	 fuel”	 pathway.	We	 will	 be
choosing	 to	make	 each	person	on	 the	planet	 $69,000	worse	off	 per	 year,	 even
after	taking	the	costs	of	climate	change	into	account.

Following	 the	 “fossil	 fuel”	 pathway	 doesn’t	 mean	 that	 we	 ignore	 climate
policy.	In	section	4	we	will	talk	about	the	right	climate	policies	we	should	enact
to	 ensure	 that	we	also	 tackle	 climate	 change.	But	 it	 is	more	 important	 for	 the
bigger	picture	that	we	get	all	of	our	other	policies	right.

Notice	 what	 the	 UN	 clearly	 lays	 out	 is	 important	 for	 avoiding	 the	 bad
scenario	 outcomes.	 It	 has	 almost	 nothing	 to	 do	 with	 climate.	 It	 is	 all	 about
investing	 massively	 in	 education,	 health,	 and	 technology,	 especially	 for	 the
world’s	poorest.	Our	preoccupation	with	climate	change	makes	us	 forget	 these
simple	truths.

Choosing	 the	 right	 pathway	 will	 result	 in	 huge	 benefits	 from	 free	 trade,
harnessing	 innovation	and	 ingenuity,	strong	developments	 in	human	and	social
capital,	and	technological	improvements,	as	well	as	more	access	to	energy.	If	we
choose	 the	 right	 pathway,	 we	 will	 leave	 our	 grandchildren	 and	 great-
grandchildren	with	far	greater	opportunities.	The	benefits	will	especially	help	the
world’s	poorest,	as	we	will	see	in	the	next	chapter.
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HOW	CLIMATE	POLICY	HURTS	THE
POOR

“THE	RICH	POLLUTE,	 the	Poor	Suffer”	runs	a	headline	from	the	Economist.
It’s	true:	one	of	the	insidious	aspects	of	climate	change	is	that	although	it	mostly
wasn’t	caused	by	the	world’s	poor,	it	will	hurt	poorer	countries	more	than	richer
countries.	 This	 is	 partly	 because	 the	 economies	 of	 poorer	 countries	 are	 more
reliant	on	industries	like	agriculture	that	are	vulnerable	to	climactic	changes;	it	is
partly	 because	 they	 tend	 to	 be	 in	 already	 warmer	 climates;	 and	 it	 is	 mostly
because	being	poor	means	having	less	capacity	to	adapt.1

Climate	 change	will	 cost	most	 developed	 countries	 a	 few	 percent	 of	GDP,
which	is	a	problem.	But	for	the	poorest	countries	and	particularly	for	Africa,	this
cost	can	easily	end	up	being	much	more,	maybe	10	percent	of	GDP.	That	is	a	big
problem.

This	unfairness	has	long	been	used	to	argue	for	stringent	climate	policy.	“Cut
Carbon	by	Up	to	Third	to	Save	Poor,”	the	British	newspaper	the	Guardian	was
already	 exhorting	 a	 decade	 ago.	 But	 the	 reality	 is	 that	 today’s	 climate	 policy
does	little	to	tackle	the	climate-related	problems	of	the	world’s	poor.2

And	it	does	virtually	nothing	to	help	with	the	vast	array	of	nonclimate	issues
that	 the	 world’s	 poor	 struggle	 with	 every	 day.	 In	 fact,	 climate	 policies	 often
make	life	worse	specifically	for	the	poor.	This	is	true	both	in	rich	countries	like
the	 United	 States	 and	 the	 United	 Kingdom,	 and	 in	 the	 poorest	 countries,
especially	those	in	Africa	and	Asia.

Today’s	 blinkered	 climate	 policies	 are	 in	 fact	 putting	 the	world’s	worst-off
countries	on	a	slower	path	to	progress	and	prosperity.	What	are	we	doing	in	the
name	of	climate?



WHEN	DO	PEOPLE	in	rich	countries	talk	about	the	problems	in	the	developing
world?	When	there	is	a	natural	disaster.	Typically,	whatever	the	catastrophe	is,	it
is	blamed	on	climate	change,	and	commentators	are	quick	 to	make	 the	case	 to
cut	more	carbon	dioxide.	Unfortunately,	this	is	an	absurdly	ineffective	policy.3

Let’s	 look	at	 the	devastating	Typhoon	Haiyan	that	hit	 the	Philippine	city	of
Tacloban	 in	 2013,	 killing	 2,700	 people	 in	 the	 city,	 or	 1	 in	 80	 of	 its	 218,000
inhabitants.	Built	on	flat	land	in	an	area	of	the	coast	notorious	for	concentrating
and	 amplifying	 storm	 surges,	 Tacloban	 had	 seen	 many	 disasters.	 In	 1912,	 a
hurricane	of	similar	strength	following	almost	the	same	path	destroyed	Tacloban
and	 probably	 killed	 6,000	 people.	 But	 back	 then,	 Tacloban	 was	 much,	 much
smaller,	and	it	was	estimated	that	1	in	2	inhabitants	were	killed.4

Haiyan	 got	 global	 attention	 because	 it	 hit	 while	 the	 world’s	 climate
negotiators	 were	 gathered	 in	 Poland	 for	 their	 annual	 UN	 conference.	 The
Philippine	envoy	spoke	movingly	of	his	grief.	According	 to	 the	Guardian,	 this
made	 him	 the	 face	 of	 the	 UN	 climate	 talks	 and	 a	 “climate	 justice	 star.”	 The
diplomat	vowed	 to	 fast	until	 the	world	agreed	 to	a	solution	 involving	dramatic
carbon	dioxide	cuts.	But	will	cutting	carbon	dioxide	really	help	Tacloban?5

We	 saw	 earlier	 that	 climate	 change	 will	 likely	 mean	 fewer	 but	 stronger
hurricanes.	 Cutting	 carbon	 dioxide	 will	 delay	 these	 effects	 slightly,	 but	 not
reverse	them.	Even	under	the	most	dramatic	climate	policies,	 temperatures	will
still	 rise,	 only	 slightly	 more	 slowly.	 Hurricanes	 will	 still	 get	 stronger,	 only
slightly	 less	 soon.	 Because	 carbon	 cuts	 will	 only	 slowly	make	 any	 impact	 on
rising	temperatures,	such	action	would	help	not	one	single	person	today	or	in	the
next	 decades.	 Cutting	 carbon	 even	 drastically	 would	 help	 future	 citizens	 of
Tacloban	only	marginally	 in	 the	sense	 that	 it	would	push	stronger	hurricanes	a
bit	further	into	the	future.

What	 if,	 instead	 of	 cutting	 carbon,	we	 helped	 Tacloban	 escape	widespread
poverty,	 and	 got	 more	 people	 out	 from	 under	 flimsy,	 corrugated	 roofs?	 That
would	 transform	 the	 lives	 of	 today’s	 most	 vulnerable,	 making	 them	 more
resilient,	 and	 of	 course	 it	would	 dramatically	 improve	 the	 prospects	 for	 future
generations.

Richer	people	are,	unsurprisingly,	more	able	to	invest	in	adaptation	to	protect
lives	 and	 valuables.	One	 2016	 study	 shows	 that	when	 income	 doubles	 for	 the
average	person	in	a	poor	community,	fatalities	from	natural	disasters	will	be	cut
by	more	 than	 a	 quarter.	 What	 this	 tells	 us	 is	 that	 increasing	 incomes	 builds
resilience.	 This	 is	 why	 the	 much	 poorer	 Tacloban	 of	 1912	 saw	 a	 forty	 times
greater	hurricane	death	toll	(in	relation	to	the	city’s	population)	than	in	2013.6



Since	the	first	climate	summit	in	Rio	de	Janeiro	in	1992,	the	world	has	talked
incessantly	 about	 cutting	carbon	emissions.	 Imagine	 if	 in	1992	we	 instead	had
focused	 on	 cutting	Tacloban’s	 poverty.	 From	1992	 to	 2013,	 general	 economic
progress	in	the	Philippines	tripled	GDP	per	person;	 if	we	had	focused	more	on
poverty	 reduction,	 we	 might	 reasonably	 have	 quadrupled	 GDP	 by	 the	 time
Typhoon	Haiyan	hit.	This	would	have	saved	more	 than	 three	hundred	people’s
lives.	Climate	policies	saved	zero.

Putting	it	bluntly,	choosing	climate	policies	over	growth	policies	doesn’t	just
do	nothing.	It	means	more	people	die	avoidable	deaths.

As	Tacloban	 and	other	 vulnerable	parts	 of	 the	world	get	 richer,	 inhabitants
will	be	able	to	build	better	houses,	transport,	and	infrastructure.	Of	course,	this
will	 raise	 the	 costs	 of	 property	 damage	 when	 hurricanes	 hit.	 Nonetheless,
investment	 in	 these	 adaptation	measures	will	mean	 that	 a	 doubling	 of	 average
income	will	 cause	 damage	 as	 a	 percentage	 of	 GDP	 to	 decline	 by	 30	 percent.
Moreover,	 rising	 prosperity	 doesn’t	 just	 mean	 more	 money	 for	 adaptation.	 It
means	more	money	 for	 education,	 birth	 control,	 and	 investment.	 It	means	 less
malnutrition	and	 lower	 infant	mortality.	 Increasing	prosperity	makes	 life	better
for	people	in	all	sorts	of	ways.7

In	 contrast,	 cutting	 carbon	 emissions	 is	 generally	 an	 incredibly	 ineffective
way	 to	 improve	 the	 lives	 of	 the	 world’s	 poor.	 Helping	 them	 through	 carbon
dioxide	cuts,	even	very	dramatic	cuts,	means	the	world	will	still	see	a	significant
temperature	rise,	only	a	slightly	slower	one.	This	means	that	whatever	climate-
related	 worry	 you	 try	 to	 address	 will	 still	 get	 worse;	 it’s	 just	 that	 it	 will	 be
slightly	less	bad	than	it	could	have	been.

Worried	about	drought?	Cutting	carbon	dioxide	will	not	reduce	drought	risks
—at	best	it	will	make	drought	increase	slightly	less	quickly.

Worried	about	floods,	heat	waves,	or	the	multitude	of	other	possible	climate
impacts?	The	same	thing	happens.	At	best,	you’re	slowing	the	problems	slightly,
at	a	great	cost.

We	need	to	open	our	eyes	to	a	broader	range	of	solutions,	because	we	know
that	lifting	people	out	of	poverty	has	amazing	impacts.	Making	people	better	off
over	 a	 couple	of	 decades	means	 that	 any	 size	 storm	 they	 encounter	will	 cause
fewer	deaths	and	less	damage.

Lifting	incomes	significantly	reduces	the	damage	from	any	potential	climate-
change-caused	 increase	 in	 hurricanes,	 droughts,	 and	 floods.	 Moreover,	 there
have	always	been	natural	disasters	and	there	always	will	be,	even	if	we	stopped
climate	change	altogether.	Lifting	incomes	doesn’t	just	help	with	the	increase	in



natural	disasters	caused	by	global	warming.	It	also	helps	reduce	all	the	damage
that	would	have	happened	anyway.8

FOR	THE	WORLD’S	POOR,	climate	policies	are	often	worse	than	ineffective.
They	are	destructive.

Take	nutrition.	Climate	activists	often	point	out	that	higher	temperatures	will
make	 more	 people	 hungry,	 so	 drastic	 carbon	 cuts	 are	 needed.	 But	 a
comprehensive	 study	published	 in	 2018	 in	Nature	Climate	Change	 shows	 that
strong	global	action	to	reduce	climate	change	would	cause	far	more	hunger	and
food	insecurity	than	climate	change	itself.9

The	 scientists	 used	 eight	 agricultural	 models	 covering	 the	 entire	 planet	 to
analyze	 various	 scenarios	 for	 food	 security	 between	now	and	2050.	Similar	 to
how	 climate	 change	 models	 are	 used,	 one	 economic	 model	 might	 reflect	 the
overly	optimistic	or	pessimistic	assumptions	of	a	particular	set	of	researchers,	so
it’s	best	to	look	at	a	broad	range	of	them,	and	at	the	averages.

Overall,	these	eight	models	give	us	reason	for	cheer:	on	average,	they	suggest
that	 when	 disregarding	 global	 warming,	 predicted	 economic	 growth	 between
now	and	2050	would	dramatically	 reduce	 the	number	of	people	 starving,	 from
almost	eight	hundred	million	today	to	two	hundred	million.	But	the	models	also
allow	us	to	see	the	effect	of	climate	change.	They	show	that	rising	temperatures
could	mean	 both	 lower	 food	 production	 and	 higher	 food	 prices.	By	 2050,	 this
would	 put	 about	 twenty-four	 million	 extra	 people	 at	 risk	 of	 hunger	 who
otherwise	wouldn’t	have	been.

That	 sounds	 like	a	good	 reason	 to	aggressively	push	 for	climate	policies	 to
cut	 emissions.	 Strong	 carbon-cutting	 policies	 can	 indeed	 potentially	 alleviate
some	of	this	added	vulnerability	to	hunger.	If	these	climate	policies	had	no	cost
at	 all,	 they	 would	 reduce	 the	 increases	 in	 temperature	 and	 save	 about	 fifteen
million	 out	 of	 the	 twenty-four	 million	 extra	 people	 who	 would	 be	 starving
because	of	climate	change.

Unfortunately,	as	we	have	seen,	aggressive	action	to	reduce	climate	change	is
not	costless.	One	of	the	biggest	impacts	is	on	energy	prices,	which	hurt	the	poor
the	most.	 Indeed,	 the	 climate	 policy	 costs	 hitting	 not	 just	 households	 but	 also
agricultural	 producers,	 food	manufacturers,	 and	 the	 transport	 sector	mean	 that
food	prices	are	predicted	to	climb	by	110	percent	by	2050.	And	that	would	have
the	total	effect	of	forcing	seventy-eight	million	people	into	starvation.

Which	 is	 to	say	 that	by	 insisting	on	cutting	carbon	 through	climate	policies
that	push	up	 food	prices,	 instead	of	 taking	a	broader	view	of	how	 to	best	help



people	and	the	planet,	we	will	have	consigned	fifty-four	million	more	people	to
starvation.	This	is	unconscionable.5

THE	PARIS	AGREEMENT	is	expensive	and	largely	ineffective.	It	is	also	going
to	mean	more	people	left	in	poverty.	A	2019	study	found	that	the	massive	cost	of
reducing	emissions	under	the	Paris	Agreement	will	lead	to	an	increase	in	global
poverty	 (compared	 to	what	would	otherwise	be	expected)	of	around	4	percent.
The	authors	issue	a	stark	warning	that	strong	climate	change	policies	could	slow
efforts	to	reduce	poverty	in	poor	countries.10

Let’s	look	at	the	world’s	poorest	continent,	Africa,	which	will	be	particularly
badly	 hit	 by	 global	 warming.	 The	 green	 and	 fossil	 fuel	 pathways	 we	 saw	 in
chapter	9	once	again	 show	 two	divergent	 futures	 (see	 figure	10.1).	For	Africa,
instead	 of	 a	 twenty-fold	 increase	 in	 incomes	 from	 2020	 to	 2100	 in	 the	 green
scenario,	 the	 fossil	 fuel	 pathway	would	 deliver	 a	 thirty-three-fold	 increase.	Of
course,	 climate	 campaigners	would	 immediately	 counter:	 “But	 climate	 change
will	devastate	Africa.”

FIGURE	10.1	African	GDP	per	person	for	the	UN’s	sustainable	and
fossil-fuel-driven	scenarios.	The	dashed	lines	show	the	GDP	per	person	in
dollars.	Because	higher	temperatures	also	mean	more	climate	damages,
the	solid	lines	show	the	welfare	left	after	deducting	the	costs	of	climate

damages.11

Using	a	regionally	defined	climate	cost	model	by	William	Nordhaus,	we	can



roughly	 identify	 the	 total,	negative	 impact	from	climate	change	on	Africa.	 It	 is
clear	that	Africa	will	be	hurt	the	most	of	any	region	with	global	warming,	and	it
will	lose	even	more	when	temperatures	go	higher	under	the	fossil	fuel	scenario.
In	2100,	Africa	will	lose	4.1	percent	of	its	GDP	to	global	warming	if	we	follow
the	green	pathway,	and	it	will	 lose	much	more	in	the	hotter	world	of	 the	fossil
fuel	pathway,	with	a	GDP	reduction	of	9.9	percent	in	2100.12

But	 something	 else	 is	 also	 clear.	 While	 Africans	 will	 lose	 much	 less
prosperity	to	climate	change	if	we	follow	the	“sustainability”	(“green”)	pathway,
they	will	be	much	better	off	overall	if	we	follow	the	“fossil	fuel”	pathway:	they
will	be	more	than	thirty	times	more	prosperous	in	2100	than	in	2020,	even	after
accounting	for	climate	damages,	compared	to	“just”	nineteen	times	better	off	in
the	“sustainability”	pathway.	By	choosing	the	latter,	we	would	be	leaving	each
African	$55,000	worse	off	every	year.

The	truth	 is	 that	climate	change	plays	a	relatively	small	 role	 in	determining
future	well-being.	It	is	clear	that	if	we’re	motivated	only	by	trying	to	reduce	the
impact	of	rising	temperatures,	we’re	literally	ignoring	the	most	important	factors
—such	 as	 education,	 health,	 technology,	 and	 access	 to	 plentiful	 energy—in
Africa’s	future	well-being.

WELL-MEANING	 CLIMATE	 POLICIES	 also	 have	 indirect	 impacts.
Campaigners	used	to	claim	that	rising	temperatures	would	lead	to	more	cases	of
malaria	 because	 there	 would	 be	 more	 warm	 places	 where	 mosquitoes	 would
thrive.	We	don’t	often	hear	this	concern	anymore,	thanks	to	tremendous	success
tackling	malaria	directly	with	 insecticide-treated	bed	nets,	 indoor	spraying,	and
treatment,	 which	 has	 halved	 the	 number	 of	 deaths	 over	 the	 last	 fifteen	 years.
Imagine	if	we	hadn’t	focused	on	these	simple	approaches,	but	instead	put	all	our
efforts	into	cutting	carbon	dioxide.	We	would	still	have	840,000	annual	deaths,
400,000	more	than	today,	while	we	waited	for	the	miniscule	effects	of	moderate
carbon	cuts	to	have	any	impact.13

Instead,	lifting	societies	out	of	poverty	is	a	much	more	important	pathway	to
eradicating	 malaria.	 A	 study	 shows	 that	 when	 the	 average	 GDP	 per	 person
reaches	$3,100	per	year,	individuals	have	enough	resources	that	most	can	afford
to	 buy	 drugs	 to	 cure	 malaria,	 essentially	 ridding	 society	 of	 the	 disease
altogether.14

Nonetheless,	 campaigners	 for	 carbon	 cuts	 continue	 to	 claim	 that	 the	 Paris
Agreement	 is	 an	 important	 way	 to	 help	 tackle	 health	 issues	 like	malaria.	 The
World	 Meteorological	 Organization	 devoted	 a	 Paris	 Agreement–themed



conference	to	health	issues	and	proclaimed	that	implementation	of	the	pact	was
key	to	improving	health,	including	tackling	malaria.	Even	the	illustrious	medical
journal	 Lancet	 published	 a	 commentary	 by	 two	 doctors	 opposing	 the	 Trump
administration’s	 backpedaling	on	 the	Paris	Agreement,	 citing	 climate	 change’s
effect	 on	malaria	 as	 one	 of	 the	 health	 impacts.	Yet,	 the	 Paris	Agreement	will
have	 no	 perceptible	 impact	 on	 malaria	 because	 it	 will	 lead	 to	 such	 small
temperature	 changes;	 in	 fact,	 it	 is	very	 likely	 that	 its	 total	 impact	will	 actually
lead	to	more	malaria	deaths.

Certainly,	 we	 know	 this	 to	 be	 the	 case	 for	 the	 world’s	 previous	 climate
agreement,	 the	 Kyoto	 Protocol.	 It	 was	 found	 that	 had	 we	 implemented	 that
protocol	for	the	rest	of	this	century,	it	would	through	lowered	temperatures	have
reduced	 the	 global	 number	 of	malaria	 deaths	 by	 about	 four	 hundred	 thousand
over	 the	 century.	 Yet	 higher	 costs	 in	 the	 rich	 countries	 implementing	 Kyoto
would	also	have	meant	 slightly	 slower	growth	 for	 trading	partners	 like	Africa,
forcing	them	to	linger	in	poverty	longer.15

The	 negative	 impact	 from	 lower	 growth	would	 cause	 an	 extra	 six	 hundred
thousand	malaria	deaths.	This	perversely	leads	to	climate	policies	making	more
poor	people	die	from	malaria	because	they	delay	the	time	when	nations	get	rich
enough	to	see	the	final	eradication	of	malaria.

We	have	been	here	before,	 implementing	policies	 that	do	a	huge	amount	of
harm	 in	 the	 name	 of	 climate	 change.	 Twenty	 years	 ago,	 a	 craze	 for	 biofuels
swept	 rich	 countries,	with	 global	 production	 quintupling	 in	 the	 first	 decade	 of
this	 century.	 Biofuels	 are	 created	 with	 crops	 rather	 than	 fossil	 fuels,	 so	 in
principle	they	do	not	increase	carbon	dioxide	emissions.	Rich	countries	hurried
to	institute	targets	to	promote	more	biofuel	use	to	help	cut	carbon	emissions.	The
European	Union	led	the	way,	stipulating	member	states	in	2003	pass	legislation
aimed	 at	 replacing	 5.75	 percent	 of	 all	 transport	 fossil	 fuels	 with	 biofuels	 by
2010.	Developing	nations,	even	those	in	the	grip	of	famine,	were	pushed	to	grow
crops	for	ethanol	instead	of	for	food.16

This	movement	originally	had	the	full-throated	support	of	many	green	groups
that	hailed	the	shift	away	from	fossil	fuels.	Yet,	the	negative	impacts	were	much
greater	 than	 most	 had	 anticipated.	 The	 charity	 ActionAid	 calculated	 that	 the
amount	 of	 crops	 needed	 to	 fill	 an	 SUV’s	 fuel	 tank	with	 biofuel	would	 feed	 a
child	for	an	entire	year,	and	every	gallon	of	biofuel	wiped	out	forty	meals.17

The	huge	growth	in	biofuel	inevitably	contributed	to	a	reduction	in	food	and
an	 increase	 in	 food	 prices:	 a	 confidential	World	 Bank	 report	 obtained	 by	 the
Guardian	 found	 that	 biofuels	 had	 forced	 global	 food	 prices	 up	 by	 75	 percent.



The	results	of	 the	price	hike	were	devastating.	After	food	prices	first	spiked	 in
2008,	the	UN	special	envoy	for	the	right	to	food,	Olivier	De	Schutter,	declared
that	 a	 “silent	 tsunami”	 had	 pushed	 a	 hundred	million	 people	 into	 poverty	 and
thirty	million	into	hunger.	The	World	Bank	subsequently	estimated	that	between
June	and	December	2010	an	additional	forty-four	million	people	fell	below	the
extreme	poverty	line	because	of	food	price	hikes.18

Many	 environmental	 groups	 began	 to	 soften	 their	 support	 for	 biofuels	 or
backtrack.	Campaigners	for	stringent	climate	action	were	increasingly	appalled.
Guardian	columnist	and	strong	climate	campaigner	George	Monbiot	called	 the
subsidies	driving	the	biofuel	industry’s	growth	“a	crime	against	humanity.”	Yet,
by	 the	 point	 of	 the	 backtrack,	 vested	 agricultural	 interests	 had	 made	 the	 bad
policies	almost	impossible	to	overturn.19

It	seems	that	we	have	learned	little	from	recent	history,	as	we	plow	headlong
into	new	policies	that	will	similarly	hurt	the	world’s	poor.

THE	 TRUTH	 IS	 that	 climate	 policies	 hurt	 the	 poor	 everywhere,	 even	 in
countries	 like	 the	 United	 States,	 because	 higher	 energy	 prices	 have	 a
disproportionate	negative	impact	on	the	poor.	Universally,	poor	people	in	well-
off	countries	use	much	more	of	their	limited	resources	paying	for	electricity	and
heating.	 One	 2019	 study	 showed	 that	 US	 low-income	 consumers	 spend	 85
percent	more	on	electricity	as	a	percentage	of	total	expenditure	than	high-income
consumers.	When	climate	policies	lead	to	higher	electricity	prices,	this	harms	the
poor	much	more	than	the	rich.20

This	is	one	of	the	reasons	why	rich	elites	have	no	problem	saying	we	should
increase	gas	prices	to	$20	a	gallon—they	can	easily	afford	it.	Wealth	also	tends
to	be	clustered	in	cities,	where	people	drive	much	less.	Of	course,	the	struggling
single	mom	in	Huntington,	West	Virginia,	has	a	very	different	experience.

Across	the	United	States,	many	people	are	still	struggling	to	pay	their	energy
bills.	The	International	Energy	Agency	estimates	that	9	percent	of	Americans,	or
twenty-nine	million,	are	“energy	poor,”	spending	more	than	10	percent	of	their
income	on	energy.	This	means	poor	Americans	often	literally	have	to	forgo	other
basics	in	order	to	heat	(or	cool)	their	homes	sufficiently.21

High	 energy	 prices	 literally	 kill	 people,	 as	 one	 2019	 study	 shows.
Researchers	looked	at	the	natural	experiment	that	happened	around	2010,	when
fracking	 delivered	 a	 dramatic	 reduction	 in	 costs	 of	 natural	 gas.	 The	 massive
increase	in	availability	of	natural	gas	drove	down	the	price	to	heat	homes.	Cold
homes	 are	 one	 of	 the	 leading	 causes	 of	 deaths	 in	 winter:	 there	 is	 a	 strong



connection	between	low	indoor	temperatures	and	increased	risk	of	strokes,	heart
attacks,	and	respiratory	diseases.	So	reducing	the	price	of	heat	saves	lives.	The
study	estimates	 that	 these	new	lower	energy	prices	save	about	eleven	thousand
Americans	from	dying	in	winter	every	year.22

If	 climate	 policy	 is	 to	 work,	 it	 will	 drive	 up	 prices	 of	 energy	 to	 reduce
consumption.	So	a	climate	policy	 reversing	 the	price	 reduction	due	 to	 fracking
will	drive	energy	prices	back	up.	People	will	be	 less	 able	 to	heat	 their	homes,
and	the	consequent	death	rate	will	go	back	up.23

Higher	energy	prices	also	hit	the	poor	the	hardest	in	other	rich	countries.	In
the	United	Kingdom,	rich	households	spend	3	percent	of	their	income	on	energy,
whereas	poor	households	spend	10	percent.	Campaigners	celebrate	that	the	UK
has	seen	a	reduction	in	electricity	consumption,	but	this	is	mostly	because	costs
have	 soared.	 Ever	 more	 stringent	 climate	 legislation	 made	 the	 cost	 of	 UK
electricity	increase	by	62	percent	in	real	terms	over	a	decade,	during	a	period	in
which	average	incomes	increased	just	4	percent.	Not	surprisingly,	it	is	the	poor
who	have	done	almost	all	of	the	cutting	back,	reducing	their	consumption	much
more	 than	 average,	 while	 the	 richest	 cut	 almost	 none	 of	 their	 much	 higher
electricity	use.24

Higher	energy	prices	hit	especially	the	elderly,	who	often	have	to	survive	on
low	incomes.	One	poll	in	the	UK	showed	that	a	third	of	elderly	people	leave	at
least	 part	 of	 their	 homes	 cold,	 and	 two-thirds	 say	 they	 wear	 extra	 layers	 of
clothing	as	a	result.25

IN	THE	WORLD’S	poorest	countries,	the	insistence	that	we	should	limit	future
access	 to	 fossil	 fuels	 has	 an	 even	 more	 dramatic	 cost,	 because	 cheap	 and
accessible	power	is	life	saving,	and	one	of	the	best	ways	out	of	poverty.



FIGURE	10.2	For	every	dollar	spent	on	aid	to	the	developing	world,	the
number	of	cents	that	go	to	climate	purposes.26

Yet,	 many	 development	 organizations	 with	 a	 primary	 goal	 of	 helping	 the
poor,	including	most	notably	the	World	Bank,	direct	more	and	more	of	their	help
to	 what	 is	 known	 as	 “climate-related	 development	 finance”	 or	 “climate	 aid.”
These	are	nebulous	terms,	but	often	what	they	mean	is	more	money	for	projects
that	build	solar-energy	microgrids	and	an	explicit	refusal	to	fund	any	fossil-fuel-
related	projects	like	new	coal	power	plants.

Efforts	 to	 calculate	 just	 how	much	 of	 global	 development	 aid	 goes	 toward
climate-related	projects	(see	figure	10.2)	make	it	very	clear	 that	 the	percentage
increased	drastically	from	about	2005.

Climate	aid	does	only	a	little	good.	Remember	the	Indian	village	of	Dharnai
(chapter	7),	where	the	villagers	wanted	“real”	electricity	that	could	power	their
refrigerators,	stoves,	and	also	the	lights	in	the	morning?	In	general,	studies	show
that	aid	spent	on	solar	panels	and	other	climate	initiatives	generates	some	of	the
smallest	benefits	compared	to	other	aid	investments	in	nutrition,	health,	gender,
education,	and	infrastructure.27

The	International	Energy	Agency	expects	 that	195	million	people	will	have
access	to	energy	for	the	first	time	in	the	next	decade.	That	is	great.	But	they	will
get	very	little	power,	mostly	because	the	focus	is	on	getting	them	off-grid	solar
rather	than	on-grid,	mostly	fossil-fuel-based	energy.	Indeed,	they	will	on	average
get	just	170	kilowatt-hours	per	year.	That	is	half	of	what	one	US	flat-screen	TV
uses	in	a	year.	Consider	what	your	life	would	be	like	with	access	to	nothing	but
170	kilowatt-hours.	 It	 is	not	enough	 to	power	a	 factory	or	a	 farm,	so	 it	cannot
reduce	poverty	or	create	 jobs.	It	won’t	even	be	enough	to	hook	up	a	stove	and
heater	 to	 combat	 the	 fire-created	 smoke	 and	 pollution	 that	 claims	 1.6	 million
lives	 annually.	 It’s	 not	 even	 enough	 to	 keep	 a	 refrigerator	 running.	 For	 the
world’s	poor,	this	level	of	energy	access	is	hardly	transformational.28

In	contrast,	a	study	in	Bangladesh	has	shown	that	grid	electrification,	which
in	 Bangladesh	 and	 much	 of	 the	 world	 mostly	 means	 using	 fossil	 fuels,	 has
significant	positive	impacts	on	household	income,	expenditure,	and	education.	It
means	households	newly	introduced	to	grid	electrification	experience	on	average
a	 21	 percent	 jump	 in	 income,	 and	 over	 a	 period	 of	 nine	 years	 a	 13	 percent
reduction	in	poverty.29

Unfortunately,	many	of	our	political	leaders	have	decided	that	when	spending
on	 aid	 for	 the	 world’s	 poorest,	 climate	 change	 concerns	 trump	 poverty.	 That



calculation	is	wrong,	and	is	undermining	the	claim	to	helping	the	world’s	poor.
In	 one	 2016	 study	 looking	 at	 energy	 options	 for	 Bangladesh,	 researchers

found	that	building	more	coal-fired	power	plants	would	generate	global	climate
damage	costing	around	$592	million	over	the	next	fifteen	years,	but	the	benefits
from	electrification	would	be	almost	five	hundred	times	greater	at	$258	billion,
equivalent	to	more	than	an	entire	year	of	the	nation’s	GDP.	By	2030,	the	average
Bangladeshi	would	be	16	percent	better	off.30

Denying	 Bangladesh	 this	 benefit	 in	 the	 name	 of	 reducing	 the	 impact	 of
climate	change	is	fantastically	arrogant:	for	every	23¢	of	global	climate	damage
that	we	could	avoid,	we	are	asking	Bangladesh	to	forego	$100	of	prosperity	and
development.	 And	 Bangladesh	 is	 a	 nation	 where	 energy	 shortages	 cost	 an
estimated	 0.5	 percent	 of	 GDP,	 and	 around	 twenty-one	 million	 people	 live	 in
extreme	poverty.31

From	the	comfort	of	 the	World	Economic	Forum’s	2017	annual	meeting	 in
Davos,	Switzerland,	former	US	vice	president	Al	Gore	tut-tutted	about	plans	to
build	 coal-fired	 power	 plants	 in	 Bangladesh.	 But	 Bangladeshi	 prime	 minister
Sheikh	 Hasina	 slapped	 that	 down,	 pointing	 out:	 “If	 you	 cannot	 develop	 the
economic	 conditions	 of	 your	 people,	 then	 how	will	 you	 save	 our	 people?	We
have	to	ensure	the	food	security;	we	have	to	give	them	job	opportunity.”32

Sheikh	 Hasina	 is	 right.	 Choosing	 expensive	 carbon-cutting	 policies	 or
insisting	on	green	development	approaches	might	seem	like	an	easy	choice	for
the	world’s	 elite	 in	Washington,	DC,	or	Paris,	France,	but	 the	burden	of	 these
choices	 falls	 unfairly	 on	 the	 world’s	 poor,	 and	 especially	 on	 those	 living	 in
abject	poverty.	They	need	more	energy,	not	moralizing	from	the	West.

It	 is	 perverse	 to	 hear	 rich	 people	 piously	 claim	 that	 we	 should	 help	 the
world’s	poor	by	cutting	carbon	dioxide	to	make	their	future	slightly	less	worse,
when	we	have	huge	opportunities	 to	make	 their	 lives	much	better,	much	more
quickly,	and	much	more	effectively.

IF	YOU	ARE	POOR,	you	will	be	less	able	to	build	a	strong	house	to	withstand
hurricane-level	winds	or	flooding.	You	will	be	less	able	to	buy	an	air	conditioner
to	adapt	to	rising	temperatures.	But	if	you	are	poor,	you	will	also	lack	resources
to	save	your	kids	from	easily	curable	diseases,	to	keep	them	well	nourished,	to
educate	 them,	 to	 house	 them	 in	 a	 safe	 neighborhood,	 to	 ensure	 they	 are	 not
exposed	to	air	pollution—the	list	goes	on.

The	 truth	 is	 that	 poverty	 sucks.	 Exposure	 to	 natural	 disasters	 caused	 by
climate	change	is	just	one	of	many	ways	that	it	sucks,	and	it	happens	to	be	one	of



the	ways	where	we	can	help	 the	 least	even	when	spending	 trillions.	And	when
we	spend	lots	of	resources	on	climate,	 there	 is	 less	money	left	 to	 tackle	all	 the
other	problems	facing	the	poor,	problems	where	we	can	help	much	more.

Today	there	are	about	650	million	extremely	poor	people	in	the	world.	As	a
thought	experiment,	let’s	consider	what	it	would	cost	to	lift	all	these	people	out
of	poverty.	(As	a	caveat,	let’s	just	remember	that	lifting	people	from,	say,	90¢	a
day	to	just	above	$1.90	is	great,	but	they	are	still	pretty	darn	poor—and	actually
distributing	 the	money	would	 be	 fantastically	 expensive.)	 It	 turns	 out	 that	 the
theoretical	cost	 to	 lift	everyone	on	 the	planet	out	of	extreme	poverty	would	be
less	than	$100	billion	per	year.33

Compare	 this	 to	 our	 current	 trajectory:	 we’ve	 committed	 to	 spending	 $1
trillion	 to	 $2	 trillion	 a	 year	 just	 on	 the	 almost	 entirely	 ineffective	 Paris
Agreement.	Every	month	the	cost	will	be	the	same	as	the	amount	that	could	lift
everyone	 from	 extreme	poverty.	This	 strikes	me	 as	 obscene.	As	 rich	 countries
commit	 to	 going	 carbon	 neutral,	 the	 costs	 will	 escalate	 to	 tens	 of	 trillions	 of
dollars	per	year,	to	make	a	small	temperature	change	in	a	century’s	time.	Just	a
couple	of	days	of	 these	new,	higher	costs	could	transform	the	world	by	ending
extreme	poverty	entirely.

CLIMATE	 ALARMISM	 TOO	 often	 leads	 us	 to	 policies	 that	 while	 well
intentioned,	 crowd	 out	much	more	 effective	ways	 of	 helping	 people.	 It	 comes
down	to	this:	when	we	see	a	malnourished	child	or	a	town	hit	by	a	hurricane	and
seriously	 suggest	 that	we	 should	make	 lives	 better	 by	 cutting	 a	 ton	 of	 carbon
dioxide,	 we	 are	 not	 actually	 trying	 to	 do	 good,	 but	 rather	 imposing	 our	 own
priorities	on	people	who	have	little	power	to	assert	their	own.	It	has	become	too
easy	 to	 believe	 that	 policies	 aimed	 at	 cutting	 carbon	 are	 the	 answer	 to
everything.	 They’re	 not,	 and	 we	 need	 to	 stop	 campaigning	 for	 and	 enacting
policies	that	will	have	the	world’s	poorest	paying	for	our	mistakes.

Thirty	 years	 of	 climate	 policy	 have	 failed	 to	 rein	 in	 temperature	 rises	 or
reduce	carbon	intensity—the	amount	of	carbon	dioxide	we	emit	for	every	unit	of
energy	produced.	All	 the	well-meaning	personal	actions	undertaken	 in	 the	 rich
world,	 like	 buying	 electric	 cars	 or	 becoming	 vegetarian,	 amount	 to	 little	more
than	gestures.	Far	more	importantly,	the	Paris	Agreement	has	put	us	collectively
on	 a	 pathway	 toward	 incurring	 gigantic	 costs,	 especially	 for	 the	 poorest,	 with
next	to	no	climate	benefit.

Thus	 far,	humanity	has	excelled	at	showing	how	not	 to	 fix	 the	climate.	We
have	 spent	 three	 decades	 trying	 the	 same,	 deeply	 broken	 approach,	 over	 and



over.	 Politicians	 lurch	 from	 one	 climate	 summit	 to	 the	 next,	 with	 climate
campaigners	urging	them	on	to	make	even	more	ludicrous	promises.	Enough	is
enough.

There	 are	 smart	 policies	 that	 can	 tackle	 climate	 change	 and	 help	make	 the
world	better.	These	are	what	we’ll	turn	to	in	the	next	section.

Footnotes

5	 In	 fact,	 I	 just	 told	 you	 the	 story	 without	 carbon	 dioxide	 fertilization,	 because	 this	 story	 sounds	more
“normal.”	If	we	include	carbon	dioxide	fertilization	(as	we	should),	strong	climate	policy	becomes	an	even
more	 risible	 solution	 to	 hunger.	 The	 net	 impact	 of	 climate	 change	 will	 actually	 be	 beneficial,	 because
carbon	dioxide	fertilization	drives	down	food	prices	more	than	temperature	drives	them	up.	In	total,	global
warming	will	mean	eleven	million	fewer	starving	in	2050.	Trying	to	limit	climate	change	by	cutting	carbon
dioxide	will	no	longer	solve	a	problem,	but	actually	prevent	a	benefit.	Of	course,	aggressive	climate	action
will	still	increase	prices	and	drive	more	people	into	hunger.	Under	these	more	realistic	assumptions,	climate
policy	is	no	longer	a	solution	and	will	in	total	cause	seventy-seven	million	more	people	to	starve	(Hasegawa
et	al.	2018,	fig.	S6).
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HOW	TO	FIX	CLIMATE	CHANGE
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CARBON	TAX:	THE	MARKET-BASED
SOLUTION

IT	 IS	TIME	 to	admit	 that	 the	current	approach	 to	 fixing	climate	change	 is	not
working.	More	protests	and	promises,	more	solar	panels	and	wind	turbines,	more
subsidies—all	of	these	just	tinker	at	the	edges.	We	need	to	resist	the	shortsighted
call	from	campaigners,	green	lobbyists,	and	populist	politicians	to	double	down
and	make	even	bigger	carbon-cutting	promises.	After	thirty	years	of	failure,	we
need	to	say	enough	is	enough.

The	good	news	 is	 that	 there	are	 smarter,	more	effective	policy	options.	We
should	 find	 and	 implement	ways	 to	 cut	 emissions	 effectively,	 both	 so	 the	 cuts
cost	as	little	as	possible	and	so	they	do	more	good	than	harm.	But	we	also	need
to	 harness	 the	 best	 of	 humanity—the	 innovative	 spirit	 and	 creativity	 that	 can
generate	new	solutions.

In	this	section,	I	will	outline	five	key	policies	that	most	people	can	agree	on,
because	they	are	a	smart	and	effective	way	to	tackle	climate	change.

THE	FIRST	WAY	to	tackle	climate	change	is	to	effectively	implement	a	tax	on
carbon	dioxide	emissions,	usually	just	called	a	“carbon	tax.”	I	want	to	first	focus
on	why	we	should	have	a	carbon	tax,	and	then	at	what	level	it	should	be	set.

Carbon	 taxes	 can	 aggressively	 reduce	 emissions	 and	 thereby	 limit	 global
warming’s	most	damaging	effects	at	fairly	low	cost.	This	is	not	a	controversial
idea.	 Most	 economists	 agree	 that	 the	 most	 effective	 way	 to	 reduce	 the	 worst
damage	of	climate	change	 is	 to	 levy	a	 tax	on	carbon	dioxide	emissions.	These
emissions	are	simply	a	by-product	of	burning	fossil	fuels	to	achieve	productive
things	 like	 harvesting	 crops,	 pumping	 water,	 and	 keeping	medicine	 cool.	 The



benefits	 accrue	 to	 the	 person	 or	 company	 making	 the	 emissions,	 and	 to	 the
consumers	of	 the	products	 they	make,	but	 the	negative	effects	 (carbon	dioxide
emissions	and	their	impact	on	temperatures)	are	spread	over	a	large	population.

This	is	a	classic	example	of	a	“market	failure”:	one	person	gets	the	benefits,
someone	else	gets	most	of	the	“disbenefits.”	On	a	much	smaller	scale,	 imagine
that	you	burn	a	fire	in	your	home’s	fireplace;	it	creates	a	lot	of	annoying,	dirty
smoke	that	makes	you	cough,	and	soot	that	covers	everything.	If	you	build	a	tall
smokestack,	 you’ve	 solved	 the	 problem,	 for	 you,	 and	 shared	 it	 with	 a	 much
larger	population.	The	problem	itself,	though,	hasn’t	been	solved.

There	 are	 various	ways	 to	 tackle	 the	market	 failure	 at	 the	 heart	 of	 climate
change.	The	reason	a	market	works	in	the	first	place	is	that	prices	are	supposed
to	 deliver	 all	 the	 information	we	 need.	When	 you	 sit	 down	 in	 a	 restaurant	 to
order	 wild-caught	 salmon,	 you	 don’t	 need	 to	 know	 whether	 this	 is	 the	 right
season	for	salmon	fishing	in	Alaska,	whether	the	seas	have	been	rough	or	the	trip
to	 the	harbor	was	particularly	difficult,	 or	whether	 the	chef	 is	having	 financial
problems.	 You	 simply	 look	 at	 the	 price	 and	make	 your	 choice	 based	 on	 that,
which	should	already	incorporate	all	these	factors	into	one	number.	The	market
failure	comes	when	some	costs	do	not	show	up	 in	 the	final	price;	 for	 instance,
the	 carbon	 dioxide	 emitted	 by	 the	 fishing	 boat	 and	 the	 planes	 and	 trucks	 that
brought	the	fish	to	market,	all	of	which	will	cause	some	climate	problems.

One	solution	to	the	market	failure	could	be	to	ban	the	use	of	fossil	fuels.	That
would	 be	 terribly	 inefficient,	 since	 it	 means	 that	 humanity	 would	 forgo	 any
benefit,	 no	matter	 how	 large,	 from	 fossil	 fuels	 in	 order	 to	 avoid	 the	 negative
impact	from	climate	change.

Another	solution	would	be	a	set	of	regulations:	the	government	could	decide
how	much	carbon	dioxide	 the	boat	 is	allowed	 to	emit,	 restrict	 flights	and	what
cargo	 can	 be	 flown	where,	 and	 control	 how	 far	 trucks	 are	 allowed	 to	 drive	 to
deliver	 the	 salmon.	 But	 to	 control	 all	 these	 emissions	 of	 carbon	 dioxide,
governments	 would	 essentially	 need	 to	 regulate	 every	 minute	 part	 of	 the
economy.	Every	 regulation	bears	 a	 cost:	 it	 ties	up	businesses	 and	 citizens	 in	 a
little	more	red	tape.	At	the	required	scale,	the	price	tag	would	be	huge.

Instead,	 economists	 point	 out	 that	 we	 can	 correct	 the	 market	 failure	 with
relative	ease	by	putting	a	cost	on	the	carbon	dioxide	that	is	emitted	to	make	sure
the	 price	 of	 any	 product	 or	 service,	 including	 the	 fish	 we	 are	 ordering	 at	 a
restaurant,	incorporates	the	climate	damage	it	will	cause.	This	is	essentially	what
a	carbon	tax	does.	It	forces	you	to	take	into	account	the	climate	disbenefits	that
your	purchase	is	responsible	for,	so	you	can	weigh	these	against	the	benefit.



Let’s	consider	what	happens	to	our	salmon.	Carbon	emissions	occur	at	each
stage	of	the	process	of	getting	the	fish	from	the	ocean	to	the	table.	With	a	carbon
tax,	the	fishing	company	would	pay	a	little	extra	for	fuel.	The	transport	company
flying	the	salmon	from	Alaska	might	have	to	pay	quite	a	bit	extra.	Even	sautéing
the	salmon	in	the	kitchen	will	add	a	tiny	extra	cost	because	the	restaurant	pays
slightly	higher	gas	prices.	The	carbon	tax	not	only	encourages	each	participant	in
the	 market	 to	 be	 more	 efficient,	 but	 the	 costs	 are	 passed	 on	 down	 the	 line.
Eventually,	the	extra	price	that	you	the	consumer	pay	in	the	restaurant	reflects	all
these	additional	carbon	damages.

Now,	if	you	really	like	fresh	Alaskan	salmon,	you	will	just	pay	the	additional
cost.	 But	 salmon	 frozen	 and	 transported	 by	 ship	 instead	 of	 by	 plane	 will	 be
responsible	for	much	less	carbon	dioxide	emissions	and	thus	incur	a	much	lower
additional	 tax,	 so	 perhaps	 to	 save	money	 you	will	 buy	 frozen	 fillets	 from	 the
supermarket	and	cook	them	yourself	at	home.	In	essence,	the	carbon	dioxide	tax
has	helped	you	discover	that	your	enjoyment	of	fresh	salmon	does	not	outweigh
the	negative	effect	of	the	extra	carbon	dioxide	emissions,	and	it	has	helped	you
change	your	choice.

If	the	carbon	tax	is	set	at	the	right	level,	it	corrects	the	market	failure	so	that
the	prices	now	 reflect	not	 just	how	difficult	 it	was	 to	 catch	and	 transport	your
salmon,	 but	 also	 its	 emissions	 along	 the	 way.	 Indeed,	 it	 doesn’t	 just	 show
consumers	 which	 products	 are	 carbon	 intensive	 and	 should	 be	 used	 more
sparingly,	 but	 it	 helps	 energy	 producers	 move	 toward	 lower	 carbon	 dioxide
emissions	 (perhaps	 through	 more	 reliance	 on	 solar	 and	 wind	 energy),	 and	 it
encourages	 innovators	 to	 come	 up	 with	 new,	 lower-carbon	 processes	 and
products.1

Unfortunately,	 another	 consequence	 of	 this	 tax	 is	 that	 it	 makes	 everyone
slightly	poorer	than	they	would	have	been.	It	forces	people	and	companies	to	use
more	 expensive	 technologies	 and	 fuels	 than	 they	 otherwise	 would	 have	 done.
This	 is	crucial	 to	our	discussion	of	how	to	set	a	carbon	tax.	Emissions	damage
the	climate,	creating	costs	over	the	long	term.	Climate	policy,	through	a	carbon
tax,	reduces	those	costs	but	also	causes	its	own	damage	to	the	economy.	Having
a	climate	policy	means	that	we	have	to	pay	both	costs,	so	we	have	to	work	out	at
what	level	a	carbon	tax	should	be	set	in	order	to	minimize	the	impact	of	both.2

LIKE	ANY	OTHER	TAX,	a	carbon	tax	can	be	set	at	any	level	that	a	government
chooses.	How	does	a	government	decide	on	the	right	carbon	tax?	There	are	costs
to	 ignoring	 climate	 change	 and	 having	 no	 carbon	 tax,	 but	 there	 are	 also	 costs



from	exaggerating	the	impact	of	climate	change	and	having	a	massive	tax.
If	we	 don’t	 implement	 a	 carbon	 tax,	we	will	 bear	 the	 full	 brunt	 of	 climate

change	over	the	coming	centuries.	In	chapter	7,	we	saw	that	the	cost	in	the	year
2100	will	 be	 about	 3.6	 percent	 of	GDP,	 and	 there	will	 be	 costs	 in	 the	 eighty
years	 leading	 up	 to	 2100	 and	 far	 beyond	 into	 the	 future.	 Using	 Nordhaus’s
model,	adding	up	all	the	costs	throughout	the	next	five	centuries	as	if	we	had	to
pay	them	today,	the	bill	would	be	$140	trillion.	That	is	the	top	bar	in	figure	11.1,
which	shows	 the	 total	global	cost	 from	climate	change	damages	we	would	see
without	any	climate	policy.3

We	can	most	effectively	reduce	the	damages	from	climate	change	by	having
one	 carbon	 tax	 across	 all	 countries	 and	 goods.	 That	way,	 producers	 can’t	 just
shift	their	emissions	to	a	factory	in	another	country,	and	everyone	faces	the	same
costs.	Achieving	a	uniform	global	 standard	means	all	 countries	need	 to	 set	 the
same	 carbon	 tax	 for	 all	 their	 emissions.	Of	 course,	 this	will	 be	 challenging	 to
achieve	 (and	we	will	 discuss	what	 happens	 if	 we	 fail,	 below),	 but	 one	 global
carbon	 tax	 is	 by	 far	 the	 best	 approach.	 It	will	 be	much	more	 efficient	 than	 if
countries	all	go	it	alone	and	introduce	varying	levels	of	taxes.	Moreover,	using	a
single,	global	carbon	tax	is	how	almost	all	climate	economic	models	look	at	the
world.

It’s	important	to	note	that	this	isn’t	a	tax	we	should	set	at	one	level	forever.	A
carbon	 tax	 that	starts	out	 low	and	 increases	over	 time	will	be	able	 to	cut	more
emissions	 at	 lower	 cost.	That	 is	 both	 because	 technological	 developments	will
make	 future	 carbon	 cuts	 cheaper	 (this	 innovation	 is	 included	 in	 Nordhaus’s
model)	and	because	stronger	carbon	cuts	are	more	valuable	 in	 the	 future	when
temperatures	and	damages	are	higher.5

FIGURE	11.1	Total	global	climate	change	damage	costs	over	next	five
hundred	years	for	different	temperature	rises	by	2100,	using	Nordhaus’s

Dynamic	Integrated	Climate-Economy	model	(DICE).4



If	 we	 aim	 to	 reduce	 the	 temperature	 rise	 to	 6.3°F	 in	 2100,	 we	 can	 use
Nordhaus’s	climate-economic	model	to	find	the	most	effective,	increasing	global
carbon	 tax	 to	 achieve	 this	 goal.	 As	 shown	 in	 figure	 11.1,	 successfully
implemented,	 this	 tax	 would	 cut	 the	 total	 climate	 change	 damage	 costs	 from
$140	trillion	to	$87	trillion.

But	let’s	say	that	we	instead	aim	for	a	5.3°F	temperature	rise	in	2100.	Then
we	will	need	a	higher,	 increasing	carbon	 tax	 to	achieve	 this	 lower	 temperature
rise.	 If	 the	 tax	 is	 successfully	 implemented,	we	would	 cut	 the	 cost	 of	 climate
change	damage	to	$67	trillion.

As	 we	 cut	 the	 temperature	 more	 and	 more	 with	 ever	 higher,	 increasing
carbon	 taxes,	 the	 climate	 change	 damage	 cost	 declines	more	 and	more.	 If	 we
reduce	the	temperature	rise	to	a	very	low	3.9°F,	then	damage	cost	would	be	cut
by	more	than	two-thirds,	to	$40	trillion.	This	obviously	seems	to	suggest	that	we
should	 simply	 cut	 temperature	 as	 much	 as	 possible,	 because	 then	 the	 climate
change	damage	costs	 are	 the	 lowest.	 In	 fact,	 this	 is	where	most	 climate	policy
debate	begins	and	ends:	temperature	rises	are	bad,	therefore	we	must	cut	them	as
much	 as	 possible.	 But,	 remember	 that	 there	 is	 a	 second	 cost:	 cutting
temperatures	 through	a	carbon	 tax	 reduces	economic	output.	Let’s	call	 this	 the
climate	change	policy	cost.

FIGURE	11.2	Total	global	climate	change	policy	costs	over	next	five
hundred	years	for	different	temperature	rises	by	2100,	using	Nordhaus’s

DICE	model.6

For	 the	 climate	 change	 debate	 to	 become	more	 rational	 and	 pragmatic,	we
need	 to	 realize	 that	we	have	 to	pay	both	 costs:	 the	climate	change	 impact	cost
and	the	climate	change	policy	cost.	Making	the	temperature	rise	smaller	means
making	the	climate	change	policy	cost	bigger.

In	figure	11.2,	we	see	what	happens	to	the	climate	change	policy	cost	under
different	scenarios.	Let’s	say	that	from	2010	we	enact	zero	new	climate	change



policies.	 This	 means	 that	 we	 allow	 for	 the	 small	 number	 of	 climate	 policies
enacted	around	the	world	before	2010,	but	we	imagine	that	no	new	policies	will
be	introduced	by	any	government	to	achieve	any	of	the	many	climate	promises
made	in	Paris	and	elsewhere.	The	climate-economic	model	of	William	Nordhaus
shows	that	doing	so	implies	a	temperature	rise	of	7.4°F	by	2100,	with	$0	in	new
climate	change	policy	cost,	as	seen	in	the	top	bar	of	the	graph.7

However,	if	we	want	to	limit	global	temperature	rises	to	6.3°F	by	2100,	the
model	shows	that	we	can	most	effectively	achieve	that	with	a	global	carbon	tax
in	2020	of	$36	per	ton	of	carbon	dioxide,	increasing	to	$270	per	ton	by	the	end
of	the	century.	This	will	mean	more	expensive	energy,	which	in	total	will	result
in	 costs	 of	 $21	 trillion.	 This	 is	 the	 climate	 change	 policy	 cost	 shown	 by	 the
second	bar	of	figure	11.2.8

As	 we	 make	 climate	 change	 policy	 more	 ambitious,	 these	 climate	 change
policy	 costs	 increase.	 Keeping	 temperature	 rises	 to	 3.9°F	 by	 2100	 requires	 a
global	carbon	tax	that	almost	immediately	rises	to	a	high	$500	per	ton	of	carbon
dioxide.	How	would	that	tax	level	affect	your	life?	Well,	you	could	expect	to	pay
another	$4.50	for	every	gallon	of	gasoline,	and	 there	would	be	similar	 impacts
on	all	other	items	containing	energy.	And	given	that	it	is	a	global	tax,	everyone
in	the	world,	even	in	poor	countries,	would	have	to	pay	the	same	extra	costs.	At
those	kinds	of	prices,	carbon	dioxide	emissions	would	essentially	be	eradicated
within	 a	 decade.	 Not	 surprisingly,	 this	 policy	 will	 be	 very	 expensive	 at	 $177
trillion.	(Notice	we	don’t	include	the	cost	of	the	3.6°F	(2°C)	target	here,	because
it	is	likely	impossible	to	reach	that	target	with	realistic	technologies.)10

FIGURE	11.3	Total	global	climate	change	impact	cost	and	climate
change	policy	costs	over	the	next	five	hundred	years	for	different

temperature	rises	by	2100,	using	Nordhaus’s	DICE	model.	Climate	policy
is,	implausibly,	expected	to	be	efficiently	implemented	across	all	countries



and	centuries.	Optimal	policy	(with	the	lowest	total	cost)	indicated.9

But	 because	 in	 setting	 climate	 change	 policy	we	 need	 to	 take	 into	 account
both	climate	costs	and	climate	policy	costs,	let’s	now	put	both	together,	in	figure
11.3.	The	hatched	bars	on	the	left	show	the	climate	cost,	which	is	declining	with
more	stringent	climate	policy.	The	black	bars	on	the	right	show	the	cost	of	 the
climate	policy,	which	increases	as	our	policies	become	more	stringent.

By	adding	the	costs	together	at	various	levels,	we	can	see	the	optimal	climate
change	policy:	the	point	where	the	combined	cost	of	climate	change	damage	and
climate	 change	 policy	 impact	 is	 lowest.	 This	 is	 where	 the	 overall	 benefits	 to
society	 are	 the	 greatest.	 If	 we	 cut	 temperatures	 beyond	 this	 point,	 the	 cost	 of
climate	change	policy	 rises	 faster	 than	 the	avoided	cost	of	climate	damages.	 If
we	 cut	 carbon	 emissions	 below	 this	 point,	 climate	 change	 damage	 costs	 rise
faster	than	the	avoided	climate	change	policy	costs.

In	Nobel	laureate	William	Nordhaus’s	economic	model,	this	optimal	point	is
to	be	found	if	we	keep	temperature	rises	to	6.3°F	in	2100.	At	6.3°F,	the	climate
change	damage	costs	would	be	$87	trillion,	and	the	climate	change	policy	costs
would	 be	 $21	 trillion,	 leading	 to	 an	 overall	 cost	 of	 $108	 trillion:	 this	 is	 the
smallest	possible	combined	price	tag	the	world	can	achieve.11

MANY	CAMPAIGNERS	BELIEVE	that	allowing	temperature	rises	of	6.3°F	is
not	 nearly	 ambitious	 enough.	 But	 that	 is	 only	 because	 it	 has	 become
commonplace	to	talk	about	incredibly	costly	or	even	impossible	temperature	cap
targets	 like	3.6°F	(2°C)	or	2.7°F	(1.5°C)	without	any	acknowledgment	of	 their
costs	or	plausibility.

Look	 at	 the	 emission	 reductions	 implied	 by	 the	 6.3°F	 and	 the	 3.9°F	policy
targets	in	figure	11.4.	On	the	left-hand	side,	we	see	emissions	over	the	century.
The	black	line	shows	how	emissions	keep	increasing	if	we	do	nothing.	The	gray
line	 shows	 what	 would	 happen	 to	 emissions	 with	 the	 optimal	 carbon	 tax
identified	above.	The	dashed	 line	shows	emissions	under	climate	campaigners’
favored	scenario.

Notice	 how	 the	 optimal	 tax	 immediately	 reduces	 emissions	 as	 the	 entire
world	 adopts	 a	 common	 carbon	 tax	 in	 2020.	This	would	 already	 constitute	 an
amazing	achievement.	Then	emissions	increase	somewhat	as	poor	countries	get
richer	 and	 emit	 more,	 but	 just	 a	 couple	 of	 decades	 later	 emissions	 begin	 to
decline,	ending	with	less	than	one-fifth	of	the	level	expected	by	century’s	end.
If	the	world	were	to	successfully	adopt	this	optimal	carbon	tax,	it	would	have



a	 transformative	 impact:	 in	2100,	 the	annual	global	emissions	would	be	cut	by
more	than	80	percent	compared	to	what	they	would	otherwise	have	been.	Even
though	 the	 cuts	 in	 the	 early	 decades	 are	 smaller,	 the	 total	 reduction	 over	 the
entire	century	will	be	half	of	what	we	otherwise	expected.12

Nonetheless,	 the	 impact	 on	 temperature	 of	 this	 intense	 emissions	 reduction
resulting	 from	 the	optimal	 carbon	 tax,	 as	 seen	on	 the	 right-hand	 side,	 is	 rather
small.	 It	 reduces	 the	 temperature	 in	2100	 from	7.4°F	 to	6.3°F.	This	 is	because
the	planet’s	climate	has	a	huge	amount	of	inertia	built	in,	which	translates	even
fairly	 dramatic	 reductions	 in	 emissions	 into	 rather	 small	 temperature	 changes.
Even	 as	 we	 reduce	 our	 annual	 emissions,	 the	 total	 amount	 of	 carbon	 dioxide
increases,	just	more	slowly.	Remember	the	metaphor	of	the	bathtub?	Even	if	we
pour	in	less	water,	the	water	level	still	increases.

FIGURE	11.4	On	the	left,	three	possible	emissions	scenarios	for	the	rest
of	the	century.	The	black	line	is	if	we	do	nothing.	The	gray	line	shows	the
optimal	global	carbon	tax,	discussed	above.	The	dashed	line	shows	the
favorite	scenario	of	climate	campaigners,	essentially	eradicating	carbon
dioxide	emissions	by	2030.	On	the	right	are	the	temperature	increases	for

these	three	emission	scenarios.13

Moreover,	 achieving	 this	 temperature	 reduction	 requires	 the	entire	world	 to
implement	a	rather	steep	carbon	tax	of	$270	per	 ton	by	the	end	of	 the	century.
That	equates	to	your	average	American	motorist	paying	an	extra	$2.40	for	every
gallon	 of	 gasoline,	 and	 similarly	 high	 costs	 on	 all	 other	 uses	 of	 energy	 from
fossil	 fuels.	And	 even	more	 importantly,	 it	means	 every	Chinese,	Venezuelan,



and	Nigerian	will	 also	have	 to	pay	$2.40	more	per	gallon	of	gasoline	and	will
face	similar	cost	hikes	on	all	other	fossil	fuels.	This	will	be	a	tough	sell.

Yet,	 this	 is	 nothing	 compared	 to	 what	 would	 be	 required	 under	 the	 most
ambitious	3.9°F	climate	policy:	essentially	outlawing	global	fossil	fuel	emissions
in	a	decade.	First,	it	is	practically	inconceivable	that	this	policy	could	be	actually
implemented	 throughout	 the	 world.	 Imagine	 telling	 Americans	 that	 they	 can
have	 no	 gasoline	 for	 their	 cars	 by	 2030,	 no	 trucks	 or	 trains	 running	 on	 fossil
fuels,	no	power	from	coal	or	gas,	no	plastics,	cement,	fertilizer,	and	so	on.	Now
try	 to	 imagine	 telling	 the	 Chinese	 to	 shut	 down	 80	 percent	 of	 their	 power
stations.	Or	 telling	 India	 and	Africa	 they	will	 have	 to	 forego	 having	 plentiful,
cheap,	and	reliable	power	in	the	first	place.

Second,	 even	 if	 we	 somehow	 managed	 this	 feat,	 the	 costs	 would	 be
spectacular.	The	temperature	will	keep	going	up,	though	not	quite	as	much.	And
the	 total	 costs	 to	 society,	 from	 climate	 change	 damage	 and	 climate	 change
policy,	would	double	(from	the	optimal	cost	of	$108	trillion	to	$218	trillion,	as
seen	in	figure	11.3).

When	 politicians	 and	 campaigners	 talk	 about	 extremely	 drastic	 climate
policies,	 they	 don’t	 acknowledge,	 and	 perhaps	 don’t	 even	 realize,	 that	 those
policies	have	a	cost	 to	society	vastly	greater	 than	 the	costs	of	 the	damage	 they
are	trying	to	avoid.	We	want	to	avoid	climate	change	damage.	But	implementing
a	climate	change	policy	also	has	costs,	 and	 the	more	ambitious	 the	policy,	 the
higher	 the	costs.	The	policy	 that	will	 leave	the	world	best	off	 is	 the	one	where
we	avoid	the	worst	climate	change	damages	and	avoid	the	worst	climate	policy
costs.

UNFORTUNATELY,	 THE	 OPTIMAL	 climate	 policy	 requires	 a	 globally
coordinated	carbon	tax,	and	that	is	possible	only	in	a	fairy-tale	world.	It	doesn’t
ever	 happen	 in	 real	 life.	 It	would	 require	 politicians	 to	 set	 rational,	 ever	more
costly	carbon	taxes	covering	every	person	on	the	planet,	through	the	next	eighty
years.	Just	in	the	United	States,	such	consistency	would	be	impossible.	Over	the
next	 eighty	 years,	 the	US	will	 have	 forty	 different	 congresses	 and	 could	 have
twenty	different	presidents.

Taxes	 are	 not	 set,	 nor	 adjusted,	 with	 global	 coordination	 and	 precision.
Instead,	 they	 are	 set	 and	 unset	 nationally	 according	 to	 political	 opportunism,
groundswells	 of	 opinion,	 and	 political	 setbacks.	 Look	 at	 France,	 for	 example,
where	President	Emmanuel	Macron	backed	down	 in	2018	on	a	13¢	per	gallon
“green”	fuel	tax	in	the	face	of	Yellow	Vest	protests.	Look	at	President	Trump	in



the	 United	 States,	 President	 Jair	 Bolsonaro	 in	 Brazil,	 and	 the	 many	 other
politicians	backtracking	on	climate	policies.14

It	 beggars	belief	 to	 think	 that	 climate	 change	policy	will	 follow	an	optimal
path.	 The	 chances	 are	 basically	 zero	 that	 there	 will	 be	 one	 uniform,	 steadily
increasing	 global	 carbon	 tax	 carefully	 coordinated	 among	 China,	 India,	 the
United	States,	 Iran,	Saudi	Arabia,	 the	European	Union,	 and	every	other	nation
over	the	next	eighty	years	and	beyond.	The	real	world	will	see	much	muddling
through,	with	some	countries	setting	carbon	taxes	too	high,	others	setting	them
too	 low,	 and	 all	 adjusting	 them	 up	 and	 down	 according	 to	 local	 events	 and
political	pressures.	This	will	mean	that	any	actual	carbon	tax	will	become	more
expensive	than	the	theoretically	pure	model	with	a	single,	global	carbon	tax.

We	have	a	good	sense	of	how	much	more	expensive	climate	policies	could
get.	First,	we	know	that	the	cheapest	carbon	cuts	can	be	made	in	the	developing
world.	Unfortunately,	most	actual	carbon	cuts	are	made	in	the	rich	world.	It	turns
out	that	this	alone	makes	the	cost	double,	because	we	insist	on	cutting	where	the
cost	is	highest.15

Second,	 politicians	 often	 pick	 ineffective	 climate	 policies.	 As	 we	 saw	 in
chapter	 8,	 the	European	Union	 has	 seen	 its	 climate	 change	 policy	 cost	double
from	the	most	effective	level	it	could	have	been,	because	politicians	didn’t	make
the	 most	 efficient	 choices	 and	 couldn’t	 help	 but	 dish	 out	 favors	 to	 some
industries	 over	 others.	 Similarly,	 much	 climate	 policy	 in	 many	 US	 states,
including	New	York,	California,	and	Hawaii,	is	based	on	the	renewable	portfolio
standard,	 a	 regulation	 that	 according	 to	 economists	 makes	 it	 at	 least	 twice	 as
expensive	as	the	most	efficient	policy	would	have	been.16

Thus,	it	is	reasonable	to	expect	that	the	real	cost	of	climate	change	policy	will
be	at	 least	 twice	 as	 expensive	 as	 the	model	we	used	 in	 figure	11.2	 and	 figure
11.3	suggested.	 (If	anything,	 this	 is	 far	 too	 low	because	 the	evidence	 implies	a
doubling	of	costs	both	for	coordination	between	the	rich	and	poor	world	and	for
bad	implementation	in	places	like	the	EU	and	California,	thus	suggesting	that	the
real	amount	could	be	at	least	four	times	the	most	efficient	cost.)

To	 adjust	 for	 the	 real	 world,	 we	 can	 run	 the	 numbers	 through	 William
Nordhaus’s	model	again,	but	 this	 time	allow	for	policy	costing	 twice	as	much.
Just	 as	 before,	 the	 costs	 of	 climate	 change	 damage	 still	 decrease	 as	we	 reach
lower	and	lower	temperatures	by	2100.	Figure	11.5	shows	climate	change	policy
costs	when	we	account	for	inefficiency.	If	we	do	no	new	climate	policy,	the	new
climate	 policy	 cost	 is	 still	 zero.	 But	 the	 climate	 change	 policy	 costs	 increase
much	faster	when	we	acknowledge	 that	 they	are	 inefficiently	 implemented	and



poorly	 coordinated.	 Now,	 every	 other	 amount	 is	 about	 twice	 as	 big.	 The
plausible	 cost	 for	 achieving	 the	most	 ambitious	 target	 of	 keeping	 temperature
rises	to	3.9°F	by	2100	is	a	whopping	$350	trillion.

FIGURE	11.5	Realistic	global	climate	change	policy	costs	over	the	next
five	hundred	years	for	different	temperature	rises	by	2100,	reflecting
additional	cost	due	to	political	inefficiency,	using	Nordhaus’s	DICE

model.17

Now	let’s	again	bring	this	all	together	in	figure	11.6,	this	time	including	both
climate	 change	 damage	 costs	 and	 realistic	 climate	 change	 policy	 costs.	 The
optimal	 temperature	 rise	 is	 now	 6.75°F	 (versus	 6.3°F	 in	 figure	 11.3)	 because
realistic	 climate	 change	 policies	 are	 more	 expensive.	 The	 far	 costlier	 climate
change	 policies	 required	 to	 achieve	 lower	 temperatures	 would	 be	 incredibly
onerous.	They	would	force	 the	world	 to	pay	close	 to	$400	 trillion	 to	achieve	a
temperature	rise	of	3.9°F.

In	a	realistic	world	starting	from	the	close	to	no	climate	policy	that	we	have
today,	 careful	 climate	policies	can	 save	us	$18	 trillion	 (the	difference	between
$140	 trillion	 in	no-policy	 costs	 and	 the	$122	 trillion	 from	 the	optimal	 policy).
Reckless	 policies,	 by	 contrast,	 could	 cost	 us	 $250	 trillion	 dollars	 more	 (the
difference	between	the	no-policy	cost	of	$140	trillion	and	the	$390	trillion	cost
for	 the	 3.9°F	 policy).	 Despite	 everything	we	 are	 told,	 climate	 policies	 have	 a
small	upside	(that	we	should	exploit)	and	a	potentially	very	large	downside.



FIGURE	11.6	Total	global	climate	damage	costs	and	total	realistic
climate	change	policy	costs	over	the	next	five	hundred	years	for	different
temperature	rises	by	2100,	using	Nordhaus’s	DICE	model.	Optimal	policy

(with	the	lowest	total	cost)	indicated.18

LET’S	ASSUME	THAT	we	all	agree	that	our	common	goal	is	to	create	the	best
possible	 world	 for	 the	 generations	 that	 succeed	 us;	 that	 is,	 to	 create	 the
maximum	possible	welfare	for	subsequent	generations.

In	 this	 chapter	 so	 far,	 we	 have	 calculated	 the	 welfare	 loss	 from	 climate
change	damage,	and	the	welfare	loss	from	climate	change	policies,	and	we	have
looked	for	the	sweet	spot	where	we	achieve	the	smallest	welfare	loss	from	both
combined.	But	Nordhaus’s	model	actually	lets	us	take	an	even	broader	view	and
estimate	 the	 total	 amount	 of	 welfare	 available	 to	 society	 over	 the	 next	 five
centuries	under	different	climate	policies.	This	is	a	much	bigger	picture,	and	puts
the	 impacts	 of	 damages	 from	 climate	 change	 and	 damages	 from	 carbon	 taxes
into	perspective,	because	climate	change	is	just	one	part	of	our	future.

It	 may	 seem	 very	 abstract,	 but	 future	 welfare	 essentially	 represents	 what
humanity	gets	to	enjoy—this	is	all	the	“good”	that	we	can	make	sure	is	available
to	 future	generations.	We	have	a	 responsibility	 to	maximize	 this	good,	 to	help
future	generations	as	much	as	possible.



FIGURE	11.7	Value	of	total	global	GDP	over	the	next	five	centuries.	The
hatched	cost	is	the	loss	due	to	climate	damage	and	climate	policy;	the	rest

in	black	represents	remaining	human	welfare.19

In	 figure	 11.7,	 the	 black	 bars	 denote	 the	 total	 welfare	 available	 to	 society
over	the	next	five	centuries.	It	 is	 the	total	GDP	“left	over”	when	we	have	both
endured	the	cost	of	climate	damages	and	paid	the	cost	of	climate	change	policies
(the	hatched	area).

One	important	point	to	note	is	that	humanity’s	welfare	(the	black)	is	large,	no
matter	which	climate	policy	we	end	up	choosing.	Even	measured	over	the	next
five	centuries,	climate	change	damages	and	climate	change	policy	costs	will	not
do	more	 than	nibble	away	at	 the	world’s	GDP.	In	other	words,	climate	change
and	climate	policy	are	responsible	for	only	a	smaller	part	of	our	future	welfare.

It	is	likely	that	total	GDP	across	the	next	five	centuries	will	add	up	to	$4,629
trillion—a	huge	figure.	Damages	 from	climate	change	and	 the	costs	of	climate
change	 policy	 will	 set	 us	 back.	 If	 we	 end	 up	 doing	 nothing	 to	 tackle	 climate
change	 and	 reach	 a	 7.4°F	 temperature	 rise	 by	 the	 end	 of	 the	 century,	 climate
change	 damage	will	 be	 significant	 at	 $140	 trillion,	 or	 about	 3	 percent	 of	 total
future	GDP.	Nonetheless,	 we	will	 have	 97	 percent	 of	 all	 resources,	 or	 almost
$4,500	 trillion,	 left	 for	 health,	 education,	 food,	 and	 all	 the	 other	 opportunities
that	build	humanity’s	welfare.

If	we	manage	to	implement	a	smart	but	realistic	increasing	carbon	tax	across
the	centuries,	we	can	do	better.	With	real-world	assumptions,	carbon	taxes	will
be	somewhat	coordinated	but	not	perfectly	aligned,	and	they	will	rise	across	the
century	 in	 all	 nations,	 somewhat	 haphazardly.	The	 average	 global	 temperature
rise	will	reach	a	slightly	lower	6.75°F	by	the	end	of	the	century.	The	total	costs



of	climate	change	policy	and	damage	will	be	around	$122	trillion,	or	2.6	percent
of	 the	 total	GDP.	This	means	 that	humanity	will	have	97.4	percent,	or	 slightly
more	than	$4,500	trillion,	of	the	world’s	future	GDP	left	for	welfare.

Thus,	the	damage	to	GDP	ends	up	0.4	percent	less	than	that	in	our	scenario
with	no	climate	change	policy.	A	realistic,	moderate	and	increasing	carbon	tax
policy	 can	 definitely	 make	 a	 net	 benefit	 for	 society	 worth	 $18	 trillion,	 or	 0.4
percent	of	GDP.

But	what	happens	 if	we	aim	 to	enact	much	more	ambitious	climate	 targets,
through	much	higher	carbon	taxes?	The	total	costs	increase	dramatically.	Trying
to	 keep	 the	 temperature	 rise	 to	 3.9°F	 in	 2100	 is	 still	 less	 ambitious	 than	 the
popular	 idea	 enshrined	 in	 the	 Paris	 Agreement	 of	 keeping	 temperature	 rises
under	 3.6°F	 (2°C).	 Yet,	 the	 total	 loss	 to	 humanity	 from	 climate	 change	 and
policy	damage	would	reach	a	staggering	$391	trillion,	or	8.4	percent,	of	GDP.

Compared	 to	 the	$140	trillion,	or	3	percent,	 loss	from	doing	nothing,	doing
too	much	is	far	worse.	In	an	attempt	to	ameliorate	climate	change,	we	will	end
up	avoiding	more	of	the	climate	damage	costs,	but	saddle	the	world	with	climate
policies	so	expensive	that	 the	total	costs	almost	 triple.	The	cure	is	much	worse
than	the	disease.

CARBON	TAXES	ARE	a	good	idea,	and	should	be	implemented	as	efficiently
as	possible.	We	need	 to	be	 realistic,	however,	about	what	 they	can	and	cannot
do.	 A	 modest,	 increasing	 carbon	 tax	 can	 be	 a	 very	 good	 idea	 if	 globally
embraced,	 even	 if	 imperfectly	 delivered.	 It	 can	 ensure	 that	 we	 cut	 the	 most
damaging	of	our	emissions	at	 low	costs.	Yet,	 the	impact	of	optimal	policy	will
be	 relatively	 modest,	 reducing	 temperature	 rises	 from	 7.4°F	 to	 6.75°F,	 or	 by
about	0.65°F.	The	benefit	will	be	worth	around	0.4	percent	of	GDP.20

Realistically,	 a	 smart	 carbon	 tax	will	make	 an	 impact,	 but	 it	 can	 be	 only	 a
small	part	of	our	solution	to	climate	change,	simply	because	going	further	means
enduring	more	costs	from	taxes	than	the	avoided	costs	of	climate	change.

We	should	implement	a	smart,	global	tax.	But	if	we	want	to	deal	with	more
of	the	climate	damages,	a	carbon	tax	is	far	from	enough:	we	need	to	look	at	other
approaches.
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INNOVATION:	WHAT	IS	NEEDED	MOST

THE	BIGGEST	PROBLEM	we	face	when	we	confront	global	warming	 is	 that
fossil	 fuels	 produce	 carbon	 dioxide.	 We	 need	 to	 reduce	 emissions	 to	 limit
warming,	but	we	have	no	easy	and	cheap	alternatives	to	fossil	fuels.

That’s	 a	 big	 problem,	 but	 it	 is	 not	 humanity’s	 first	 big	 problem.	When	we
look	back	in	time,	we	seldom	fixed	big	problems	by	telling	people	to	live	with
less	of	everything	they	wanted.	And	for	a	good	reason:	it	is	a	hard	sell.	Instead,
we	typically	managed	to	solve	big	problems	through	innovation.

We	can	draw	lessons	from	the	time	we	transitioned	our	global	economy	from
one	source	of	light	to	another.	From	the	1700s	through	the	mid-1800s,	whale	oil
provided	 light	 to	 the	 United	 States	 and	 much	 of	 the	Western	 world.	 The	 US
dominated	the	slaughter	of	whales,	a	barbaric	practice	by	today’s	standards.	At
its	 peak,	whaling	 employed	 seventy	 thousand	 people	 and	was	 the	 fifth-largest
industry	 in	 the	United	 States.	 Producing	millions	 of	 gallons	 of	whale	 oil	 each
year,	 the	 industry	 was	 widely	 seen	 as	 unassailable,	 offering	 a	 brighter	 and
cleaner-burning	 option	 to	 cheaper,	 less	 safe	 alternatives	 such	 as	 lard	 oil	 and
camphene.	It	was	hard	to	imagine	that	people	would	ever	agree	to	live	without
whale	 oil,	 because	 that	 would	 have	 meant	 going	 backward	 toward	 a	 sootier,
dimmer	past.1

In	those	days,	of	course,	there	was	no	environmental	movement	to	speak	of.
But	one	wonders	if	the	whalers,	finding	each	year	that	they	needed	to	go	farther
from	Nantucket	Island	to	kill	whales,	ever	asked	themselves:	“What	will	happen
when	the	whales	run	out?”

The	Western	world	was	 reliant	 on	 slaughtering	whales	 for	 quality	 lighting,
yet	 we	 never	 did	 hunt	 whales	 to	 extinction.	 Why?	 We	 found	 alternative
technologies.	First,	 kerosene	 from	petroleum	 replaced	whale	oil	 as	 a	 source	of



lighting.	 And	 we	 didn’t	 run	 out	 of	 kerosene,	 either:	 electricity	 supplanted	 it
because	it	was	a	superior	way	to	light	our	planet.

Exhortations	 to	stop	using	whale	oil,	 to	 turn	down	 the	 lights,	or	go	back	 to
old,	heavily	polluting	practices	were	not	what	saved	the	whales.	New	technology
did.

We	have	consistently	underestimated	our	capacity	for	innovation.	Before	the
turn	of	 the	 last	 century,	 there	was	 a	 fear	 that	 all	 of	London	would	be	 covered
with	horse	manure	because	of	the	ever-increasing	use	of	horse-drawn	carriages.
Innovation	 gave	 us	 the	 car.	 Today,	 eight	 million	 people	 live	 in	 London,	 and
there’s	no	horse	manure	to	be	seen	on	its	crowded	thoroughfares.2

When	 automobiles	 proved	 to	 be	 massive	 polluters	 and	 Los	 Angeles	 was
filling	up	with	smog	in	the	1960s,	one	solution	would	have	been	to	tell	everyone
to	 stop	driving.	Not	only	would	 it	 have	been	unfeasible	 to	 try	 to	make	people
stay	at	home,	but	it	would	also	have	been	phenomenally	ineffective.	Instead,	the
invention	of	the	catalytic	converter	made	it	possible	to	have	many	more	people
drive	many	more	cars	and	still	have	dramatically	better	air	quality.

Indeed,	many	 forecasted	 catastrophes	 throughout	 human	 history	 have	 been
avoided	 because	 of	 innovation	 and	 technological	 development.	 Consider	 the
challenge	of	hunger	 in	 the	1960s	and	1970s.	The	biggest	 fear	 then	was	Asia’s
inability	to	feed	itself,	because	it	wasn’t	growing	enough	food	for	a	fast-growing
population.	 One	 of	 the	 best-selling	 books	 of	 the	 day,	 The	 Population	 Bomb,
declared	 straight-out	 that	 “the	 battle	 to	 feed	 humanity	 is	 over.	 In	 the	 1970s
hundreds	 of	 millions	 of	 people	 will	 starve	 to	 death	 in	 spite	 of	 any	 [policies]
embarked	upon	now.”3

The	 belief	was	 that	 India	was	 doomed.	 Conventional	wisdom	was	 that	 the
nation’s	1967	grain	output	of	barely	a	hundred	million	 tons	could	not	possibly
increase.	It	was	expected	that	two	hundred	million	more	children	would	be	born
by	1980,	so	disaster	on	a	massive	scale	appeared	unavoidable.4

Along	 came	 a	 determined	 scientist,	 Norman	 Borlaug.	 Instead	 of
handwringing,	 he	 aggressively	 helped	 innovate	 new,	 better	 varieties	 of	wheat,
rice,	and	maize.	These	new	dwarf	plants	differed	from	existing	varieties	because
less	 energy	 was	 used	 in	 the	 stalk	 and	 more	 energy	 went	 into	 the	 grains
themselves.	 As	 a	 result,	 grain	 yields	 increased	 spectacularly,	 food	 prices
dropped,	and	Borlaug’s	“green	revolution”	probably	saved	a	billion	people	from
starvation.5

By	1980,	India	had	seen	a	47	percent	increase	in	grain	production,	while	its
population	 increased	 34	 percent.	 Calories	 available	 began	 to	 increase,	 not



decrease.	 Today,	 India	 produces	 328	 percent	 as	much	 grain	 as	 it	 did	 in	 1967,
when	 observers	 thought	 it	 couldn’t	 produce	 any	more.	 India	 is	 now	 even	 the
largest	exporter	of	rice	in	the	world.	Innovation	breaks	through	impossibilities.6

Higher	crop	yields	had	another	advantage:	they	led	to	reduced	deforestation.
If	 yields	 had	 stayed	 the	 same	 from	 1960	 onward,	most	 of	 the	world’s	 forests
would	be	cut	down	by	now	to	provide	sufficient	space	to	grow	enough	grains	to
keep	everyone	fed.	We	would	have	needed	additional	farmland	equivalent	to	all
of	the	United	States,	Canada,	and	China	combined.	Innovation	didn’t	just	help	to
feed	billions	of	people;	 it	 also	protected	biodiversity	and	 the	environment.	Yet
again,	a	major	challenge	was	solved	not	by	telling	people	to	make	do	with	less,
but	by	innovating	so	that	there	was	more	for	everybody.7

The	 lesson	 from	 history	 is	 clear.	 When	 we	 innovate	 and	 find	 a	 cheap,
technological	 solution,	we	 solve	major	 challenges	 and	generate	broadly	 shared
benefits.	We	need	to	apply	that	lesson	to	the	problem	of	climate	change.

RIGHT	NOW,	FOSSIL	FUELS	are	cheap.	The	global	economy	relies	on	them,
and	there	are	currently	no	alternative	energy	sources	fully	able	to	compete.	We
should	be	focusing	much	more	on	finding	and	creating	those	alternatives.

Solar	 and	wind	power,	 so	 far,	 are	not	 the	 answer.	Even	with	huge	political
support	and	trillions	of	dollars	 in	subsidies,	solar	and	wind	energy	provide	just
over	one	percent	of	our	global	energy	needs.	The	International	Energy	Agency
estimates	 that	 by	 2040	 and	 even	 after	 another	 $4	 trillion	 has	 been	 spent	 on
additional	subsidies,	solar	and	wind	power	will	deliver	only	less	than	5	percent
of	 global	 energy.	 They	 are	 expensive	 and	 inefficient	 compared	 to	 fossil	 fuels.
The	 cheapness	 of	 fossil	 fuels	 explains	why	 they	meet	 about	 80	percent	 of	 our
energy	 needs	 today,	 and	why	 they	will	 still	 be	 providing	 74	 percent	 in	 2040,
according	 to	 the	 International	Energy	Agency,	 even	 if	 every	promise	made	by
world	leaders	in	the	Paris	Agreement	is	delivered.8

Reducing	 our	 carbon	 dioxide	 emissions	 significantly	 from	 fossil	 fuels	 will
require	innovation.	The	good	news	is	that	we	have	managed	to	innovate	in	this
area	already,	almost	without	trying	to.	One	of	the	best	examples	of	this	in	recent
times	is	the	evolution	of	fracking	in	the	United	States.	Fracking	has	reduced	the
price	of	oil	and	gas.	As	we	saw	in	chapter	10,	it	has	lowered	the	price	of	heating,
allowing	poorer	people	especially	to	heat	their	homes	better,	saving	about	eleven
thousand	 lives	 each	 year.	 It	 has	 also	 dramatically	 increased	 the	 wealth	 of	 the
United	States—a	2019	study	shows	that	it	has	increased	US	GDP	by	one	percent
over	what	it	would	otherwise	have	been	in	2015,	adding	$180	billion	to	the	US



economy	each	year.9
It	has	also	had	real,	negative	impacts	on	the	environment,	especially	through

air	 pollution,	 water	 pollution,	 and	 habitat	 fragmentation.	 The	 biggest	 study,
published	in	2019,	estimates	the	total	environmental	cost	of	US	fracking	at	$23
billion	per	year,	with	air	pollution	making	up	three-quarters	of	that	cost.	While
overall,	 fracking	 very	 likely	 delivers	 an	 overwhelming	 benefit	 to	 the	 United
States,	the	political	conversation	for	and	against	it	can	be	seen	as	a	discussion	on
the	distribution	of	these	benefits	and	costs.10

Here,	though,	we	can	think	about	fracking	as	an	example	of	innovation	to	cut
carbon	dioxide	emissions.	The	technology	of	fracking	has	been	around	since	at
least	 1947,	 but	 it	 took	 public	 resources	 to	 the	 tune	 of	 hundreds	 of	millions	 of
dollars	 in	 innovation	 support	 from	 the	US	Department	 of	 Energy	 and	 perhaps
$10	 billion	 in	 production	 tax	 credits	 for	 private	 entrepreneurs	 to	 find	ways	 to
innovate	 procedures	 to	 frack	 gas	 profitably.	 The	 fracking	 innovation	 was	 not
intended	as	climate	policy,	but	simply	as	a	way	to	make	the	United	States	more
energy	 independent	 and	 richer.	 But	 it	 also	 turned	 out	 to	 have	 a	 huge	 climate
change	 benefit,	 because	 gas	 became	 cheaper	 than	 coal.	 Crucially,	 gas	 emits
about	half	the	carbon	dioxide	of	coal.	Making	gas	cheaper	than	coal	has	shifted	a
large	part	of	US	electricity	production	from	coal	to	gas.	This	is	the	main	reason
why	the	United	States	has	seen	the	largest	reduction	in	carbon	dioxide	emissions
of	any	nation	over	the	past	decade.11

One	 of	 the	 most	 promising	 innovations	 that	 we	 could	 achieve	 in	 the	 next
decade	is	to	ensure	that	China	makes	the	same	shift.	China	is	by	far	the	world’s
largest	 consumer	 of	 coal.	 In	 fact,	 in	 each	 year	 since	 2011,	 China	 has	 burned
more	than	half	of	all	the	coal	used	worldwide;	India	(12	percent)	and	the	US	(8.4
percent)	were	 in	distant	 second	and	 third	places	 in	2018.	 If	China	switched	 its
power	 production	 partly	 to	 gas,	 its	 emission	 cuts	would	 be	massive,	 dwarfing
what	we	have	already	seen	in	the	United	States.12

Sharing	with	and	adapting	fracking	technology	to	China	and	elsewhere	is	just
the	start	of	what	 is	needed.	We	need	to	take	this	experience	and	look	for	other
areas	 where	 the	 government	 can	 support	 innovation	 and	 the	 development	 of
technologies	 to	ease	our	 transition	away	from	fuels	with	a	high	carbon	dioxide
footprint.	To	cut	emissions	significantly,	we	need	to	innovate	significantly.

UNTIL	WE	FIND	a	green	energy	source	that	is	cheaper	than	fossil	fuels,	it	will
be	 hard	 to	 convince	 the	 whole	 world	 to	 fundamentally	 turn	 away	 from	 fossil
fuels.	Yet,	if	we	can	innovate	the	price	of	green	energy	down	below	that	of	fossil



fuels,	we	will	be	on	the	pathway	to	fixing	climate	change.	Everyone,	including
China,	India,	and	Africa,	and	not	just	the	United	States	and	Europe,	will	switch.

It	has	long	been	clear	that	an	economically	optimal	carbon	tax	will	solve	only
a	small	part	of	the	climate	change	problem.	That’s	why	I	started	work	with	my
think	tank,	the	Copenhagen	Consensus,	back	in	2009,	to	identify	other	effective
solutions	 to	 help	 fix	 climate	 change.	 We	 worked	 with	 twenty-seven	 of	 the
world’s	 top	climate	economists	and	 three	Nobel	 laureates	 to	evaluate	 the	costs
and	 benefits	 of	 the	 whole	 gamut	 of	 possible	 climate	 change	 responses.	 These
academics	found	that	green	energy	research	and	development	is	by	far	the	best
long-term	 investment	 to	 solve	 climate	 change.	 The	 experts	 concluded	 that
globally,	we	need	 to	spend	$100	billion	on	green	energy	 innovation	each	year.
This	would	still	be	much	less	than	what	solar	and	wind	energy	are	costing	us	in
subsidies	 today,	 and	 it	 would	 likely	 substantially	 bring	 forward	 the	 day	when
low-	or	zero-carbon-dioxide	energy	sources	can	take	over	the	world.13

The	economists	calculated	that	for	each	dollar	spent	on	green	energy	R&D,
we	could	avoid	about	$11	of	long-term	climate	change	damages.	This	is	a	great
deal.	Moreover,	besides	helping	to	find	a	breakthrough	green	energy	source,	this
R&D	 will	 likely	 generate	 many	 other	 innovations	 that	 can	 be	 useful	 for
humanity,	 such	as	better	batteries	 for	cell	phones	and	cheaper	power	 for	 space
exploration.

Since	then,	my	think	tank	and	many	others	have	campaigned	for	dramatically
ramping	 up	 spending	 on	 green	 R&D.	 The	 most	 promising	 progress	 came	 in
2015,	when	twenty	world	leaders	including	President	Obama	promised	to	double
their	 country’s	 green	 energy	 research	 and	 development	 by	 2020.	 They	 called
their	agreement	the	Mission	Innovation.14

Unfortunately,	 those	 countries	 have	 broken	 that	 promise.	 International
Energy	Agency	data	shows	that	in	absolute	terms,	spending	has	hardly	budged,
and	 rich	 countries	 are	 spending	 less	 than	 3¢	 for	 every	 $100	 of	 GDP	 on	 low-
carbon-energy	R&D,	a	percentage	that	has	fundamentally	not	changed	since	the
Mission	 Innovation	 promise	 was	 made	 (see	 figure	 12.1).	 That	 adds	 up	 to	 six
times	 less	 than	 the	 amount	 needed	 to	meet	 the	 target	 of	 $100	 billion	 per	 year
outlined	by	the	Nobel	laureates	working	with	the	Copenhagen	Consensus.15

The	 frustrating	 thing	 is	 that	 almost	 everyone	 agrees	 that	 we	 should	 be
investing	much	more	in	green	innovation.	It’s	not	a	controversial	idea.	Yet,	this
spending	 never	 seems	 to	 be	 actually	 allocated.	 That’s	 because	 constant
scaremongering	 and	 green	 energy	 industry	 lobbying	 lead	 to	 scarce	 resources
instead	being	poured	into	rolling	out	more	and	more	of	today’s	inefficient	solar



panel	and	wind	turbine	technology.
Indeed,	the	green	energy	industry	and	its	backers	often	claim	that	increasing

the	number	of	solar	panels	and	wind	turbines	today	is	the	best	way	to	encourage
more	 innovation,	 because	 then	 the	 companies	 can	 invest	 in	 developing	 better
technology.	 This	 argument	 lines	 the	 pockets	 of	 lobbyists	 and	 green	 energy
giants,	 but	 it	 is	 a	 hugely	 inefficient,	 backward	 way	 to	 go	 about	 funding
innovation.	 Globally,	 private	 companies	 spend	 just	 $6	 billion	 on	 renewable
energy	R&D.	As	a	percentage	of	global	GDP,	private	investment	in	green	energy
research	has	been	declining	since	2012.17

FIGURE	12.1	Green	R&D	by	the	United	States	and	OECD	from	1974	to
2018	in	cents	per	$100	of	GDP.	“Promises”	signifies	what	the	world
leaders	promised	to	spend	under	Mission	Innovation	in	2020.16

To	achieve	more	green	energy	research	and	development,	we	need	to	spend
our	money	directly	on	 it,	 rather	 than	relying	on	 indirect	 industry	support	and	a
prayer	 that	 it	 works.	 Globally,	 in	 2020	 taxpayers	 will	 pay	 $141	 billion	 to
subsidize	 inefficient	 solar	 and	wind	energy.	This	will	 buy	us	 just	$6	billion	 in
actual	 R&D.	 Instead,	 we	 should	 spend	 $100	 billion	 directly	 on	 research	 and
development.	 It	will	get	us	$94	billion	more	for	green	R&D,	and	it	would	still
leave	us	with	$41	billion	to	improve	the	world	in	many	other	ways.18

If	 we	 want	 to	 change	 the	 world,	 we	 need	 to	 commit	 to	 doing	 things
differently	and	coming	up	with	new	ideas.	Because	the	old	ones	aren’t	working.

WHEN	IT	COMES	to	green	innovation,	what	should	we	focus	on?
This	 isn’t	 an	 easy	 question,	 because	 no	 one	 knows	what	 new	 technologies

will	power	the	world	in	2050	or	2100.	The	prognosis	from	energy	analysts	is	that
thirty	years	 from	 today	we	will	 still	be	powered	mostly	by	 fossil	 fuels,	 simply



because	 we	 know	 they	 work	 and	 are	 cheap	 and	 reliable.	 They	 cause	 climate
change,	which	is	why	carbon	taxes	and	other	policies	will	limit	their	use	in	the
future,	but	 they	will	 remain	 the	mainstay	of	 the	world’s	 energy	needs.	Unless,
that	 is,	 we	 manage	 to	 innovate	 better,	 smarter,	 cheaper,	 and	 more	 effective
alternatives.

Predicting	 future	 innovations	 is	 mostly	 folly.	 Before	 the	 Chicago	World’s
Fair	 in	 1893,	 seventy-four	 of	 the	 foremost	 thinkers	 in	 the	 United	 States	 were
asked	to	predict	what	the	world	would	look	like	in	a	hundred	years.	There	were	a
vast	 number	 of	 memorable	 misses,	 such	 as	 predicting	 that	 the	 US	 would	 see
minimal	 taxation	 and	 have	 no	 standing	 army,	 that	 everyone	 would	 travel
everywhere	 at	 a	 hundred	miles	 per	 hour	 on	 electric	 trains,	 that	 war	would	 be
abolished,	and	that	we	would	live	to	150	years.19

A	smaller	part	of	the	thinkers	got	the	direction	right,	even	if	the	technologies
were	 off.	 E-mail	 was	 foreshadowed	 with	 the	 concept	 of	 letters	 sent	 via
pneumatic	tubes	under	the	oceans.	Air	travel	would	become	ubiquitous,	although
the	 technology	 they	 foresaw	was	 the	use	of	balloons	guided	by	wires	between
cities.	Multiple	 thinkers	 expected	 to	be	 able	 to	 store	 energy	 in	 small	 packages
that	would	enable	us	to	deliver	the	energy	of	Niagara	Falls	to	manufacturers	in
Texas.20

Many	 of	 these	 thinkers	 clearly	 understood	 the	 value	 of	 innovation.	 One
considered	how	in	a	century’s	time	new	technology	could	see	houses	cooled	in
summer,	 just	 like	 they	 were	 heated	 by	 fires	 in	 winter.	 Others	 realized	 that	 if
electricity	 became	 ten	 times	 cheaper,	 it	 would	 become	 universal,	 driving
electrical	 carriages	 and	 easing	 hard	 domestic	 chores	 like	 washing	 clothes,
thereby	solving	 the	“servant	problem.”	But	 imagining	cheaper	electricity	or	air
conditioning	doesn’t	make	 it	happen.	Research	and	development	across	a	wide
range	of	technologies	does.	Had	we	just	focused	on	improving	pneumatic	tubes,
we	 likely	would	 not	 have	 developed	 the	 internet,	 nor	would	 a	 focus	 on	 better
balloon	technology	have	led	to	airplanes.21

The	 real	 lesson	 is	 to	 realize	 that	 although	 we	 might	 have	 a	 good	 idea	 of
where	 we	 want	 to	 go,	 we	 have	 little	 sense	 of	 which	 technologies	 will	 get	 us
there.	 That	 is	 why	 we	 shouldn’t	 focus	 our	 R&D	 just	 on	 the	 currently	 most
fashionable	and	glamorous	ideas	for	the	future.	Instead	we	should	research	a	lot
of	ideas.

Research	 and	development	 is	 cheap,	 and	 a	 sixfold	 increase	 in	 spending	 for
the	 world	 really	 could	 allow	 us	 to	 research	 a	 wealth	 of	 different	 possible
solutions.	To	show	the	breadth	and	opportunity,	let	me	share	just	three	key	areas.



In	each	of	these	areas,	breakthroughs	could	be	game	changers	in	the	fight	against
climate	change.	And	in	each	area,	more	R&D	funding	could	help	stimulate	the
innovation	that	could	lead	to	a	transformation	of	our	economy.

ENERGY	 STORAGE	 IS	 one	 area	 where	 innovation	 could	 make	 a	 huge
difference	 to	 human	welfare.	 If	we	 could	 store	 virtually	 unlimited	 amounts	 of
wind	and	solar	energy,	not	only	for	the	seconds	or	minutes	when	the	wind	dies
down	 and	 the	 sun	 is	 hidden	 behind	 a	 cloud,	 nor	 even	 just	 for	 the	 night	 or	 a
windless	week,	but	across	seasons	and	even	years,	storage	could	deliver	energy
when	we	need	it	rather	than	when	nature	deigns	to	provide	it.

When	 people	 hear	 about	 energy	 storage,	 they	 immediately	 think	 of
rechargeable	batteries	 like	those	in	electric	cars.	But	 these	make	up	less	 than	1
percent	of	global	energy	storage.	Almost	all	storage	today,	96	percent,	is	by	the
old,	well-known	 technology	of	water	 storage.	Essentially,	 this	means	pumping
water	up	to	a	reservoir	on	a	hill	when	there	is	too	much,	or	“excess,”	energy,	and
letting	 it	 flow	 back	 down	 through	 a	 turbine	 when	 the	 energy	 is	 needed.	 This
works	well	but	 relies	crucially	on	 local	geography,	and	many	energy	networks
are	not	near	suitable	sites.22

There	 is	 a	 plethora	 of	 new	 technologies	 that	 could	 help	 to	 store	 energy.
Compressed	air	storage	pushes	air	into	a	salt	cavern	and	then	releases	it	through
a	generator.	A	molten	salt	battery	warms	up	the	salt	with	surplus	electricity,	and
uses	a	heat	exchanger	to	get	electricity	back	later.	Another	approach	is	splitting
water	with	 electricity	 to	 produce	 hydrogen,	which	 is	 later	 converted	 back	 into
energy	in	a	fuel	cell.

Storage	can	even	be	provided	with	a	simple	flywheel,	essentially	a	massive
rotating	drum	of	steel.	The	excess	energy	that	might	be	generated,	for	example
by	 wind	 turbines	 on	 a	 windy	 day,	 is	 used	 to	 get	 the	 wheel	 spinning.	 Then	 a
generator	captures	the	energy	as	electricity	again	later.

My	 personal	 favorite,	 and	 this	 is	 just	 because	 it	 is	 a	 cool	 idea,	 is	 a	 four-
hundred-foot-tall	 crane	 standing	 in	 the	 middle	 of	 thirty-five-ton	 concrete
cylinders,	 proposed	 by	 the	 Swiss	 company	 Energy	 Vault.	 When	 excess
electricity	needs	to	be	stored,	the	crane,	controlled	by	a	computer,	uses	it	to	stack
one	concrete	cylinder	on	top	of	the	other,	eventually	building	up	a	huge	tower.
When	power	is	scarce,	a	cable	lowering	back	the	very	heavy	cylinders	drives	a
generator	that	produces	electricity.23

The	 problem	 with	 all	 of	 these	 ideas	 are	 capacity	 and	 cost.	 If	 we	 exclude
pumped	 water	 storage,	 all	 of	 the	 other	 many	 different	 solutions	 in	 existence



today	 can	 store	 just	 twenty	 seconds	 of	 the	 world’s	 electricity	 consumption.
Headlines	 consistently	 tell	 stories	 of	 how	we	will	 see	 an	 amazing	 increase	 in
storage	capacity	in	just	a	few	years.	The	International	Energy	Agency	estimates
that	 over	 the	 next	 two	 decades	 an	 extra	 $300	 billion	will	 be	 spent	 to	 increase
storage	capacity	forty-one-fold.	Yet,	this	will	still	increase	the	available	storage
to	 only	 eleven	 minutes	 of	 the	 world’s	 electricity	 use.	 And	 storage	 is	 still
expensive.	While	utility-scale	 solar	panels	 can	produce	power	when	 the	 sun	 is
shining	at	as	low	as	3.2¢	per	kilowatt-hour,	adding	adequate	storage	more	than
triples	the	cost	to	at	least	10.2¢	per	kilowatt-hour.24

Massively	 investing	 in	 R&D	 for	 cheaper	 and	 better	 storage	 technologies
could	make	a	dramatic	difference	to	both	capacity	and	cost	in	just	a	few	decades.
India	is	already	leading	the	way.	It	has	promised	a	strong	policy	push	to	increase
its	 solar	 capacity	 tenfold	 from	 2018	 to	 2040.	 (Notice,	 this	 won’t	 end	 the
dominance	 of	 coal;	 its	 use	 will	 also	 double,	 so	 it	 will	 go	 from	 producing	 45
percent	of	 India’s	 energy	needs	 in	2018	 to	44	percent	 in	2040.)	A	 lot	of	 extra
storage	will	 have	 to	 be	built	 to	make	use	of	 the	 extra	 solar	 power,	 so	 India	 is
predicted	to	become	a	world	leader	in	storage.	Partly	as	a	result,	storage	prices
globally	are	predicted	to	halve	over	the	next	two	decades.25

But	what	 if	 green	 energy	 research	 and	 development	 could	 drive	 down	 this
storage	cost	even	lower?	What	if,	instead	of	a	50	percent	reduction,	extra	R&D
investment	could	cut	70	percent	off	 the	price	of	 storage?	We	could	 then	make
solar	 power	 significantly	 cheaper	 than	 even	 coal	 in	 India.	 After	 2030,	 India
would	 be	 able	 to	 rely	 even	 more	 on	 solar	 and	 wind	 power,	 and	 stop	 adding
additional	coal	power	(which	it	isn’t	forecast	to	do	otherwise).	The	International
Energy	 Agency	 estimates	 that	 such	 a	 low	 storage	 price	 could	 make	 India’s
carbon	 dioxide	 emissions	 peak	 in	 2030,	 and	 by	 2040	 this	 alone	 would	 shave
almost	one	percent	off	global	emissions.26

Imagine	 how	much	more	 attractive	 solar	 power	would	 look	 to	 the	world’s
other	developing	countries,	if	storage	was	effective	and	affordable.	Innovation	in
storage	 could	 help	 drive	 down	 global	 emissions,	 make	 power	 cheaper,	 and
unlock	more	of	the	potential	of	fossil	fuel	alternatives.

THE	 SECOND	 OBVIOUS	 AREA	 for	 R&D	 investment	 is	 nuclear	 energy.
Nuclear	 energy	 doesn’t	 emit	 carbon	 dioxide.	 Perhaps	 surprisingly,	 nuclear
energy	 is	 also	 very	 safe.	 Under	 normal	 operating	 conditions,	 it	 emits	 less
radioactivity	 than	coal	 (yes,	 there	 is	actually	radioactivity	 in	mined	coal	 that	 is
released	 when	 it	 is	 burned).	 Although	 we	 think	 of	 the	 terrible	 disasters	 of



Fukushima	and	Chernobyl,	nuclear	energy	has	one	of	 the	 lowest	death	risks	of
any	form	of	energy;	in	fact,	it	kills	about	two	thousand	times	fewer	people	than
coal	power,	because	of	coal’s	massive	pollution.27

The	reason	why	nuclear	energy	isn’t	a	silver	bullet	in	its	current	form	is	that
new	nuclear	power	plants	in	developed	countries	are	much	more	expensive	than
continuing	 to	 rely	 on	 fossil	 fuels.	 Finland’s	 newest	 nuclear	 power	 unit	 was
supposed	to	open	in	2010	and	cost	$3.5	billion.	It	may	open	in	2021	at	triple	that
amount.	 France’s	 Flamanville	 nuclear	 power	 plant	 was	 supposed	 to	 open	 in
2012.	It	may	open	in	2022,	again	at	triple	the	cost.28

A	2017	survey	shows	that	in	the	1950s	and	1960s,	when	nuclear	power	was
first	developed,	plants	got	less	and	less	expensive	as	more	were	built,	as	experts
learned	how	to	do	so	more	cheaply	and	efficiently.	But	in	the	1970s	and	onward,
nuclear	power	plants	became	ever	more	expensive	to	build.	Why?	In	France	and
the	 United	 States,	 instead	 of	 focusing	 on	 a	 single,	 standardized	 unit,	 designs
began	to	change,	both	because	of	an	interest	in	improving	them	and	because	of
increasing	regulations.	One	2017	study	suggests	that	had	we	been	able	to	stick	to
one	 or	 just	 a	 few	 designs	 for	 nuclear	 power	 plants,	 ensuring	 that	 costs	would
continue	to	fall,	nuclear	energy	today	could	cost-effectively	replace	all	coal	and
most	gas	power,	and	reduce	global	carbon	emissions	by	one-fourth.29

Of	 course,	 we	 can’t	 run	 the	 clock	 backward,	 but	 we	 can	 make	 smarter
decisions	moving	forward.	That	means	investing	in	innovation	to	make	the	next
generation	of	nuclear	power	plants	much	cheaper	and	safer.

Philanthropist	Bill	Gates	 is	 investing	 in	TerraPower,	a	company	developing
new	reactors	that	promise	to	use	the	waste	of	other	reactors	 to	generate	energy
for	 decades	 without	 additional	 fuel.	 China	 is	 demonstrating	 a	 “pebble	 bed”
design	intended	to	be	very	safe.	Others	are	suggesting	modular	designs	that	can
be	built	from	standardized	reactor	parts	in	a	factory	and	put	together	like	Legos
at	the	construction	site.30

One	2019	study	shows	that	 these	new	ideas	could	cut	 the	cost	per	kilowatt-
hour	 of	 nuclear-generated	 electricity	 by	 almost	 two-thirds	 of	 today’s	 cost,	 and
the	most	optimistic	cost	estimates	would	see	nuclear	power	become	cheaper	than
even	 the	cheapest	gas	power.	Of	course,	 these	are	estimates	of	cost	 reductions
from	 design	 improvements.	 If	 we	 manage	 to	 uncover	 a	 revolutionary
breakthrough,	the	cost	reductions	could	be	even	greater.31

Nuclear	 innovation	 could	 help	 us	 find	 a	 way	 to	 power	 the	 world	 more
cheaply	and	safely	than	today,	without	carbon	dioxide	emissions.



A	 THIRD	AREA	where	 additional	 research	 could	 make	 a	 huge	 impact	 is	 air
capture.	This	 is	simply	machinery	on	 the	ground	that	sucks	out	carbon	dioxide
from	the	air	and	stores	it	safely.	If	 this	could	work,	we	could	achieve	some,	or
even	all,	of	our	carbon	emission	reductions	without	cutting	fossil	fuel	use.	In	an
extreme	 (and	 unrealistic)	 case,	we	 could	maintain	 our	 entire	 global	 fossil	 fuel
economy,	and	simply	suck	out	the	problematic	emissions.32

This	is	often	what	offsets	do	today:	they	represent	a	pledge	that	trees	will	be
planted	to	soak	up	carbon	dioxide	emissions.	Essentially,	trees	are	the	low-tech
version	of	air	capture.

Why	not	just	plant	more	trees?	Unfortunately,	there	is	not	enough	land	on	the
planet	to	actually	capture	all	 the	excess	carbon	dioxide,	and	moreover	we	need
land	 for	 agriculture.	Air	 capture	 could	 be	 a	much	more	 efficient	 solution,	 but
there	 is	 still	 a	 long	 way	 to	 go.	 In	 2007,	 entrepreneur	 Richard	 Branson	 and
climate	change	campaigner	 former	vice	president	Al	Gore	proposed	 the	Virgin
Earth	Challenge,	a	$25	million	prize	to	be	awarded	to	the	first	team	to	create	a
scalable	 air	 capture	 option.	 The	 prize	 givers	 have	 yet	 to	 be	 presented	 with	 a
solution	that	satisfies	all	the	conditions	to	win.33

In	2011,	an	influential	panel	of	the	American	Physical	Society	found	that	air
capture	would	cost	$600	or	more	per	ton	of	carbon	dioxide.	That	means	it	would
cost	$5.33	to	suck	up	the	emissions	from	just	one	gallon	of	gasoline.	Obviously,
at	 that	 price	 the	 technology	 is	 not	 going	 to	 get	 very	 far.	 Since	 then,	 though,
researchers	have	explored	many	ideas.	A	2017	overview	shows	a	huge	variance
in	projected	costs,	with	some	start-up	companies	suggesting	they	can	achieve	air
capture	with	almost	zero	costs.	We	should	take	these	claims	with	a	grain	of	salt
but	promisingly,	a	2018	peer-reviewed	study	showed	that	a	viable	project	could
possibly	cost	less	than	$100	per	ton,	or	83¢	per	gallon	of	gasoline.34

Spending	more	money	to	innovate	to	drive	down	the	cost	of	air	capture	could
be	tremendously	advantageous.	Right	now,	if	we	were	to	offset	all	of	humanity’s
emissions	at	$100	per	ton,	it	would	cost	$5.5	trillion	every	year,	or	more	than	6
percent	of	global	GDP.	 Imagine	 if	 innovation	could	drive	down	 the	cost	of	air
capture	to,	say,	$5	a	ton	by	midcentury.	Avoiding	the	emissions	from	a	gallon	of
gasoline	would	 then	 cost	 just	 5¢,	which	 it’s	 plausible	 to	 imagine	most	 people
being	 willing	 to	 pay.	 If	 we	 can	 achieve	 that	 low	 cost,	 we	 could	 eliminate
practically	all	of	the	world’s	emissions	from	the	atmosphere	for	just	0.2	percent
of	global	GDP.35

Air	capture	 today	 is	so	expensive	 that	 it	cannot	yet	be	a	serious	part	of	our
response	to	climate	change.	But	innovation	could	help	lower	its	price	to	a	point



where	it	could	be	an	important	tool	in	our	response	to	the	problem.

THERE	ARE	MANY,	many	more	breakthrough	technologies	that	could	possibly
play	 an	 important	 role	 in	 solving	 climate	 change.	 Craig	Venter,	 the	 geneticist
who	led	the	first	draft	sequencing	of	the	human	genome,	argues	for	research	into
algae	that	can	be	grown	on	the	ocean	surface	to	produce	oil.	Because	the	algae
convert	 sunlight	 and	carbon	dioxide	 into	oil,	burning	 it	will	be	carbon	dioxide
neutral.	This	technology	is	not	yet	efficient,	but	more	research	and	development
could	potentially	make	it	so.	Fusion	power,	mimicking	the	sun,	could	provide	all
the	energy	humanity	needs,	with	no	carbon	dioxide	whatsoever.	But	while	fusion
power	 is	 nowhere	 near	 commercially	 viable,	 again,	more	 R&D	 could	 perhaps
make	it	so.36

Indeed,	every	single	one	of	the	ideas	we	have	discussed	could	fix	a	large	part
or	even	all	of	climate	change.	They	are	not	yet	ready	for	global	rollout	because
they	remain	too	expensive,	but	research	and	development	could	push	their	price
down.

The	good	 thing	 about	R&D	 is	 that	 it	 is	 relatively	 cheap.	A	hundred	billion
dollars	could	fund	innovation	across	a	broad	spectrum	of	potential	technologies.
We	should	expect	most	of	these	ideas	to	fail.	Many	will	see	some	progress,	but
not	enough	to	become	economically	competitive.	Air	capture’s	cost	might	fall	to
$70	 per	 ton,	 say,	 but	 remain	 too	 expensive	 to	 be	 used	 everywhere	 across	 the
planet.	The	cost	of	nuclear	power	might	be	driven	down	to	6¢	per	kilowatt-hour,
but	 still	 not	 be	 cheap	 enough	 to	 replace	 fossil	 fuels.	 The	 Swiss	 stacking
experiment	to	store	energy	could,	like	any	other	individual	idea,	fail	to	become
anywhere	close	to	cost	effective.

But	 this	 is	 okay.	When	we	 invest	 in	 innovation,	most	 ideas	 fail.	We	 don’t
need	a	lot	of	technologies	to	power	the	world.	We	don’t	need	many	ways	to	cut
carbon	dioxide	emissions	to	zero.	We	just	need	one	(or	more	realistically,	a	few).

Imagine	 if	 innovation	 could	 lead	 to	 such	 a	 massive	 breakthrough	 in	 air
capture	technology	that	it	is	priced	at	$5	per	ton.	Fixing	global	warming	would
cost	 less	 than	what	 the	EU	pays	for	 its	climate	policies	 today.	Of	course,	 there
would	 still	 be	 squabbling	 among	 nations	 about	who	 should	 pay	what.	But	we
would	fix	climate	change.37

Imagine	if	innovation	could	revolutionize	the	cost	of	nuclear	power	down	to
1¢	 per	 kilowatt-hour.	 Not	 only	 would	 the	 entire	 world	 switch	 to	 this	 much
cheaper	alternative	and	essentially	solve	global	warming,	but	also	it	would	be	an
incredible	boon	for	humanity,	providing	more	energy,	with	cleaner	air,	at	almost



zero	cost.
What	should	the	model	for	innovation	look	like?	Over	the	past	half	century,

governments	 have	 developed	 an	 approach	 to	 drive	 innovation	 through	 initial,
public	 “blue	 sky”	 research	 in	 universities	 and	 research	 labs.	 Some	 of	 these
innovations	have,	 in	partnership	with	private	businesses,	been	developed	to	the
point	where	they	can	then	be	profitably	introduced	by	private	companies.

We	should	recognize	that	different	countries	have	different	strengths	in	R&D
areas,	so	individual	countries	could	focus	on	different	topics.	The	smartest	way
forward	would	probably	be	the	establishment	of	national,	blue-ribbon	panels	to
identify	 interesting	energy	 research	problems	 that	need	 solving.	Funding	could
be	 managed	 through	 national	 organizations	 such	 as,	 in	 the	 United	 States,	 the
National	Science	Foundation.

Individuals	 and	groups	of	 researchers	 could	 think	of	 ideas	 that	might	 solve
part	of	one	of	 the	research	problems	outlined	by	 the	blue-ribbon	panels—ideas
from	 oil-producing	 algae,	 to	 tidal	 power,	 to	 novel	 carbon	 dioxide	 capture
systems	such	as	enhanced	weathering	rocks,	to	new	nuclear	reactor	designs,	and
everything	 in	 between.	 These	 researchers	 would	 apply	 for	 funding	 to	 solve
specific	 problems.	 Their	 peers	would	 decide	which	 applicants	would	 be	more
likely	 to	 drive	 research	 and	 understanding	within	 the	 particular	 field,	 so	 as	 to
help	improve	the	chances	that	in	the	long	run,	ideas	could	turn	into	real	progress
for	clean	energy.

But	none	of	 this	can	happen	unless	we	 focus	on	 this	one	 thing:	we	need	 to
ensure	 that	R&D	 investments	 increase	 dramatically.	 In	 just	 a	 year	 or	 two,	 the
United	States	and	other	nations	need	to	at	least	double	their	annual	investments
in	order	to	meet	the	level	promised	in	the	Mission	Innovation.	Over	the	next	five
to	ten	years,	R&D	spending	globally	should	increase	a	further	three	times	to	get
close	 to	 the	 $100	 billion	 annually	 identified	 by	 the	 Nobel	 laureates.	 With	 a
sixfold	 increase	 in	 our	 budget,	 we	 could	 help	 fund	 so	much	more.	We	 could
dramatically	improve	humanity’s	chances	of	innovating	down	the	price	of	future
solutions	to	help	address	or	entirely	fix	climate	change.

Innovation	 is	 not	 the	 only	 solution	 we	 should	 pursue	 to	 tackle	 global
warming,	 but	 it	 is	 one	 of	 the	most	 promising.	 Finding	ways	 to	 produce	 green
energy	 cheaper	 than	 fossil	 fuels,	 or	 finding	 very	 cheap	 ways	 to	 avoid	 the
environmental	 impact	of	 fossil	 fuels,	would	 transform	 the	 fight	against	climate
change.	 It	would	 eliminate	 the	 tension	 that	 exists	 right	 now	 between	 the	 twin
goals	of	growth	and	reducing	emissions.	Through	innovation,	we	could	solve	the
problem	 of	 fossil	 fuels	 in	 the	 old-fashioned	 and	 proven	 way—by	making	 the



alternatives	cheaper	and	better.



13

ADAPTATION:	SIMPLE	BUT	EFFECTIVE

A	WELL-CONCEIVED	CARBON	TAX	 can	 help	 us	 avoid	 the	worst	 climate
change	damage,	and	a	large	investment	in	innovation	can	bring	forward	the	day
when	the	global	economy	ends	its	reliance	on	fossil	fuels.	But	even	with	both	of
these	 policies,	 the	 temperature	 will	 continue	 to	 rise.	 Some	 of	 future	 warming
comes	from	past	carbon	emissions,	which	we	have	no	control	over	 today.	And
neither	 carbon	 taxes	 nor	 innovation	will	 entirely	 eradicate	 future	 emissions,	 at
least	not	in	the	short	to	middle	term.

This	 is	why	we	need	 to	adapt	 to	a	warmer	planet	over	 the	coming	decades.
Fortunately,	humanity	has	remarkable	adaptive	capacity.	There	are	people	living
in	 the	 icy	 extremes	 of	 Siberia	 and	 northern	 Canada,	 in	 the	 burning	 hot	 Sahel
desert	 and	 Australian	 Outback,	 in	 the	 dry	 Atacama	 desert	 plateau	 of	 South
America,	 and	 in	 the	 rain-soaked	Meghalaya	 state	 in	 India.	Not	only	do	people
withstand	significant	variations	in	temperature	and	rainfall,	but	falling	per	capita
death	rates	from	natural	disasters	show	that	we	have	more	resilience	today	than
ever	before.1

At	its	simplest,	adaptation	means	that	people	react	sensibly	to	challenges—in
our	case,	 to	 a	 changing	climate.	As	 it	gets	warmer,	more	people	will	 adapt	by
turning	on	their	air	conditioners	(and	fewer	will	use	their	heaters).	If	they	don’t
yet	have	an	air	conditioner,	more	people	will	buy	one	(and	more	people	will	be
able	to	buy	one	as	global	prosperity	increases).	Similarly,	tourists	will	adapt	to	a
warming	 world	 by	 changing	 their	 travel	 destinations.	 Warm	 places	 like	 Sri
Lanka	 will	 host	 fewer	 tourists.	 On	 the	 other	 hand,	 more	 visitors	 will	 choose
Finland	and	Canada	for	their	next	holiday,	while	fewer	Finns	and	Canadians	will
travel	abroad.2

Cutting	 emissions	 has	 significant	 costs,	 but	 helps	 everyone	 in	 the	 world	 a



little,	 albeit	 a	 half	 century	 down	 the	 line.	 In	 contrast,	 adaptation	 often	 has
immediate	 and	 very	 localized	 benefits.	 Indeed,	 most	 adaptation	 happens
naturally	and	needs	little	public	policy	focus	or	investment.3

Businesses	often	don’t	need	 to	be	 forced	 to	 invest	 in	adaptation,	because	 it
makes	sound	financial	sense.	There	are	plenty	of	examples	of	this	already.	In	the
rich	world	the	chemical	giant	BASF	has	installed	additional	water	pumps	in	the
river	 Rhine,	 so	 that	 even	 if	 climate	 change	 lowers	 water	 levels,	 there	 will	 be
enough	water	for	production.	Unilever	works	with	tomato	suppliers	to	encourage
them	to	install	drip	irrigation	so	they	can	grow	crops	even	in	droughts.4

In	 poorer	 countries,	 farmers	 also	 adapt	 to	 a	 changing	 climate.	 In	 South
America,	 a	 study	 shows	 that	 farmers	 already	 tailor	 what	 they	 grow	 to	 the
climate:	 farmers	grow	fruit	and	vegetables	 in	warmer	 locations,	and	wheat	and
potatoes	 in	 cooler	 locations.	 Where	 it	 is	 wetter,	 they	 grow	 rice,	 fruits,	 and
potatoes,	 and	 in	 drier	 locations	 they	 grow	 corn	 and	wheat.	As	 climate	 change
drives	 up	 temperatures,	 farmers	 will	 adapt	 by	 switching	 to	 more	 fruits	 and
vegetables,	and	depending	on	whether	it	gets	wetter	or	drier	(the	models	are	still
not	sure),	they	will	add	potatoes	or	squash.5

But	 not	 all	 needed	 adaptation	 will	 happen	 without	 specific	 government
actions.	 Clearly,	 governments	 should	 make	 sure	 that	 public	 policies	 do	 not
hinder	private	adaptation,	for	instance	by	levying	high	taxes	on	air	conditioners
or	 the	 electricity	 required	 to	 run	 them.	But	governments	 should	do	more:	 they
should	 implement	 policies	 that	 make	 adaptation	 easier.	 Across	 the	 world,
agricultural	adaptation	 is	easier	 if	you	are	better	educated,	 if	you	are	better	off
(for	instance,	if	you	have	a	tractor),	and	if	you	have	better	access	to	agricultural
information.	So	governments	would	do	well	to	make	sure	there	is	better	access
to	education,	agricultural	information—and	tractors.6

In	Ethiopia,	a	2011	study	found	that	farmers	with	access	to	credit	can	better
adapt	to	a	changing	climate,	and	they	end	up	with	higher	food	productivity.	This
is	 not	 surprising;	 if	 you	 can	 get	 extra	 resources	 to	 overcome	 a	 challenge,	 you
will	 be	much	more	 likely	 to	 do	well.	 So,	 governments	 should	make	 sure	 that
credit	 opportunities	 are	 as	 widely	 available	 as	 possible.	 This	 doesn’t	 mean
subsidizing	 the	 actual	 loans,	 but	 rather	 ensuring	 a	 well-functioning	 legal	 and
institutional	 framework	 that	 will	 make	 it	 easier	 for	 individuals	 to	 access	 the
necessary	funds	to	adapt.7

In	some	areas,	adaptation	relies	on	public	policy.	It	is	not	realistic	to	expect
individuals	to	adapt	their	houses	to	rising	sea	levels	or	their	lives	to	the	threat	of
catastrophes.	 Governments	 need	 to	 step	 up	 with	 flood	 defenses	 and	 early-



warning	 systems.	And	while	 air	 conditioning	 can	 help	 during	 heat	waves,	 the
right	 infrastructure	 can	make	whole	 cities	 cool.	Moreover,	while	many	 people
can	 adapt	 on	 their	 own,	 the	most	 vulnerable	 often	 can’t.	 Public	 policy	 can	 be
especially	 useful	 in	 helping	 elderly	 and	marginalized	 people	when	 heat	waves
hit.

Pursuing	 policies	 that	 enable	 adaptation	 seems	 like	 common	 sense.	 Yet
weirdly,	for	a	 long	time	in	climate	change	policy	discussion,	 it	was	considered
bad	form	to	even	mention	adaptation.	Climate	change	campaigners	have	tended
to	 view	 the	 idea	 of	 adaptation	 as	 distracting	 attention	 from	 cutting	 carbon
dioxide	 emissions.	 Perhaps	 they	 also	 believe	 that	 acknowledging	 the	 need	 for
adaptation	is	an	admission	of	defeat	in	the	battle	against	climate	change.8

To	the	contrary,	if	we	are	to	deal	effectively	with	climate	change,	we	need	to
put	adaptation	at	 the	heart	of	our	policy	 response,	 right	alongside	a	carbon	 tax
and	innovation.

RISING	SEA	LEVELS	get	a	huge	amount	of	attention	in	the	media,	and	they	are
often	portrayed	as	uncharted	territory	for	humanity.	In	fact,	sea	levels	have	risen
about	a	 foot	over	 the	past	150	years.	Around	 the	world,	when	you	ask	anyone
what	important	events	happened	over	that	century	and	a	half,	they	will	talk	about
wars,	 medical	 breakthroughs	 that	 saved	 lives,	 perhaps	 the	 moon	 landing,	 but
they	 won’t	 tell	 you	 that	 rising	 sea	 levels	 were	 a	 big	 deal.	Why?	 Because	 we
adapted	to	them	by	protecting	our	coastlines.9

One	of	 the	clearest	 results	of	 studies	of	adaptation	around	 the	world	 is	 that
coastal	protection	for	populations	and	valuable	land	is	a	great	investment.	As	we
saw	in	chapter	1,	coastal	protection	costing	tens	of	billions	of	dollars	can	avoid
tens	of	trillions	of	dollars	in	flood	damages.	That	is	why	a	recent	2018	overview
shows	 that	 the	 cost	 of	 sea	 level	 adaptation	 almost	 everywhere	 will	 be	 much
lower	 than	 that	of	not	adapting.	The	study	shows	 that	even	 if	 the	 seas	were	 to
rise	 an	 improbable	 six	 feet	 seven	 inches	 by	 2100—vastly	 more	 than	 the	 UN
panel	 of	 climate	 scientists	 expects—it	 will	 be	 economically	 advantageous	 to
protect	at	least	90	percent	of	the	global	coastal	floodplain	population,	along	with
96	percent	of	all	assets	there.10

For	more	 than	 half	 of	 the	 population	 of	 coastal	 floodplains	 throughout	 the
world,	each	dollar	spent	on	protection	will	avoid	more	than	$100	of	damage.	The
total	 cost	 of	 coastal	 protection	and	 of	 all	 remaining	 flood	damage	 through	 the
rest	 of	 the	 century,	 even	 in	 the	 absolutely	 worst-case	 scenario,	 will	 cost	 the
United	States	just	0.037	percent	of	its	GDP,	and	possibly	five	times	less.11



“Coastal	defense”	in	many	cases	will	mean	dikes	(a	long	wall	or	embankment
built	 to	 prevent	 flooding),	 but	 softer	 approaches	 like	 artificial	 nourishment
(meaning	adding	sand	to	beaches)	can	be	even	more	effective	in	dealing	with	the
impacts	 of	 rising	 sea	 levels	 and	 storm	 surges.	 In	 a	 2019	overview	of	 nineteen
studies,	dikes	on	average	reduce	damages	by	$40	for	each	dollar	spent,	whereas
artificial	nourishment	can	avoid	$111	of	damages	for	every	dollar	spent.12

Other	 natural	 defenses	 like	 the	 restoration	 of	mangroves	 can	 help,	 too.	 As
well	as	providing	a	buffer	against	tidal	storm	surges,	mangroves	provide	critical
habitat	to	sustain	local	fisheries.	Planting	(or	reestablishing)	mangrove	forests,	as
is	being	done	in	Indonesia	and	elsewhere,	is	several	times	cheaper	than	building
flood	 protection	 infrastructure.	 The	 benefits	 of	 mangrove	 preservation	 and
restoration	are	worth	up	to	ten	times	the	cost,	 including	not	just	avoided	losses
from	 coastal	 flooding,	 but	 also	 the	 benefits	 associated	with	 fisheries,	 forestry,
and	recreation.13

People	talk	about	rising	sea	levels	 in	apocalyptic	 terms,	but	 the	truth	is	 that
there	are	proven	and	cost-effective	ways	we	can	defend	coastlines	to	ensure	that
more	people	and	possessions	are	protected.

AS	GLOBAL	WARMING	leads	 to	an	increase	 in	heavy	precipitation,	we	may
well	see	more	river	flooding	and	flash	floods.	Adaptation	can	help,	but	it	needs
to	be	coordinated.	 If	everyone	 tries	 to	dam	 the	 river,	 it	becomes	an	unpleasant
game	of	“who	has	the	lowest	levee.”

Holland	has	 shown	 the	way	by	giving	“room	for	 the	 river,”	a	program	 that
allows	some	floodplains	 to	be	 flooded	so	 the	 flood	waters	don’t	destroy	cities,
and	 that	 deepens	 and	 widens	 rivers	 so	 there	 is	 room	 for	 more	 water,	 making
them	 flood	 less.	 The	 floodplains	 can	 even	 be	 turned	 into	 parks.	 In	 the
Netherlands	city	of	Nijmegen,	close	to	Germany,	a	new	river	park	and	riverfront
development	 improved	 the	 local	 quality	 of	 life,	 while	 at	 the	 same	 time
expanding	floodplains.14

Across	the	United	States,	existing	river	flood	adaptation	definitely	works.	If
there	 were	 no	 flood	 defenses,	 nearly	 twenty-two	 million	 people	 would
experience	 flooding	 each	 year,	 but	 with	 defenses	 the	 actual	 number	 is	 much
lower	at	half	a	million	people.	The	National	Institute	of	Building	Sciences	finds
that	each	dollar	spent	adapting	 to	 floods	 in	 the	US	provides	benefits	worth	$6.
For	the	EU,	it	is	estimated	that	future	benefits	of	adaptation	to	more	floods	will
outweigh	the	costs	seven	to	one.15

Houston,	Texas,	is	a	good	example	of	a	city	undertaking	actions	to	reduce	its



vulnerability	 to	 flooding.	 It	 has	 had	 far	more	 than	 its	 fair	 share	 of	 floods	 and
climate-related	catastrophes.	 It	 is	 in	 fact	 the	US	city	most	 severely	affected	by
floods.	Why?	Partly	it’s	because	it	is	very	flat	and	built	on	a	swamp.	But	the	city
was	 also	 very	 poorly	 planned.	 The	 population	 has	 grown	 rapidly,	 and
infrastructure—roads,	parks,	and	sewers—didn’t	keep	pace.16

Between	 2000	 and	 2018,	 Houston’s	 metropolitan	 population	 jumped	 from
around	4.5	million	to	nearly	6.3	million.	The	city	today	sprawls	over	580	square
miles.	To	claim	 that	 space,	 the	city	paved	over	a	vast	amount	of	wetlands	and
prairie	land.	These	are	beneficial	because	they	soak	up	huge	amounts	of	rainfall,
so	 they	 are	 crucial	 to	 avoiding	 floods.	When	 they	 are	 paved	 over,	 heavy	 rain
means	that	vast	expanses	of	concrete	create	runoff.	Since	the	1980s,	rainfall	has
increased	26	percent	in	one	Houston	watershed,	but	runoff	has	increased	by	204
percent.	 One	 2018	 study	 shows	 that	 runoff	 exposed	 an	 additional	 thirty-five
hundred	 households	 in	 the	 Sims	 Bayou	 watershed	 in	 the	 south	 of	 the	 city	 to
flooding.17

In	 2019,	Houston	 decided	 to	 use	 $1.7	 billion	 from	 its	 appropriately	 named
Rainy	Day	Fund	savings	on	flood	protection.	Much	of	this	is	being	spent	on	big
infrastructure:	dams	and	 levees,	which	are	 important.	A	2019	study	shows	 that
building	 a	 coastal	 barrier	 to	 protect	 Houston	 could	 cost	 $400	 billion	 over	 the
century,	but	avoid	damages	around	twice	that	much.18

But	there	are	also	many	other,	simple	approaches	that	can	do	a	lot	of	good.
One	proposal	suggests	buying	out	and	demolishing	houses	on	the	floodplains	to
re-create	more	absorbent,	green	spaces.	In	one	area	in	North	Houston,	the	city	is
already	planning	to	buy	out	two	low-income	apartment	complexes	and	covert	the
area	into	a	flood	basin	and	park.	But	the	properties	being	bought	out	are	only	a
small	 fraction	 of	 those	 in	 flood-prone	 areas.	 Houston	 could	 also	 build	 more
resilient	 infrastructure	 into	 those	 neighborhoods	 by	 implementing	 “pervious”
pavements	that	can	soak	up	rain,	and	by	creating	better	drainage	at	the	sides	of
roads.19

Across	the	world,	there	are	many	sensible	adaptations	to	avoid	flood	damage.
Planting	 trees	 to	 soak	 up	 extra	 water	 is	 estimated	 to	 avoid	 two	 dollars	 of
damages	 for	 every	 one	 dollar	 spent.	 Ensuring	 that	 buildings	 have	 gutters	 that
collect	 and	 reuse	 rainwater	 means	 the	 sewers	 will	 be	 less	 overloaded,	 with
slightly	 more	 benefits	 than	 costs.	 Encouraging	 homeowners	 to	 make	 basic
changes	 to	 their	homes	and	grounds,	 such	as	planting	 trees	and	making	use	of
rainwater,	turns	out	to	be	both	cheap	and	effective.	Of	course,	cities	like	Houston
can	 also	 choose	 to	 clamp	down	on	 future	 building	 to	 ensure	 the	 few	wetlands



and	prairies	that	are	left	can	still	play	a	role	in	reducing	floods.20
In	 short,	 to	 reduce	 flood	 damages,	 local	 and	 national	 governments	 have	 an

array	of	cost-effective	tools	at	their	disposal.

BEYOND	 FLOODING,	 ADAPTATION	 can	 protect	 us	 from	 other	 natural
disasters,	including	hurricanes.	Bangladesh	is	more	vulnerable	to	hurricanes	than
most	countries,	but	 it	has	reduced	 its	vulnerability	with	effective	 investment	 in
adaptation.	 The	 country	 is	 the	 size	 of	 Illinois,	 but	 has	 thirteen	 times	 the
population,	much	of	it	extremely	poor.	It	is	located	at	the	upper	end	of	the	Bay
of	Bengal,	which	can	 funnel	hurricanes	 into	 the	country	and	amplify	 flooding.
Early	on	November	12,	1970,	the	Bhola	hurricane	struck	the	area	as	a	category	3
storm	and	became	the	world’s	deadliest	hurricane.	Radio	broadcasts	only	started
to	 warn	 citizens	 of	 danger	 late	 on	 the	 afternoon	 before,	 and	 most	 people
disregarded	 these	messages	 because	 of	mistrust,	 fear	 of	 theft	 if	 they	 left	 their
homes,	 and	 because	 there	 were	 few	 shelters	 available	 to	 go	 to	 in	 any	 case.
Although	some	90	percent	of	 the	population	heard	the	warnings,	 just	1	percent
fled.21

The	hurricane	was	ferocious.	Its	winds	reached	150	miles	per	hour,	striking	at
high	 tide	 and	 creating	 a	 tidal	wave	 twenty	 feet	 high.	At	 least	 250,000	 people
were	swept	away—and	quite	likely	twice	that	number.	The	disaster,	along	with
the	 government	 neglect	 that	 exacerbated	 it,	 was	 a	major	 factor	 in	 Bangladesh
(then	known	as	East	Pakistan)	breaking	away	from	Pakistan	the	following	year.

The	 new	 nation	 created	 the	 Cyclone	 Preparedness	 Program,	 and	 over	 time
invested	 in	 early-warning	 systems	 and	 raising	 civic	 awareness,	 as	 well	 as	 in
recovery	 services	 and	 the	 creation	 of	many	 new	 storm	 shelters	 and	 reinforced
buildings.

In	1991,	at	which	point	Bangladesh	had	still	built	only	three	hundred	shelters,
it	was	hit	by	a	much	stronger,	category	5	hurricane.	The	death	toll	was	half	that
of	 1970	 because	 the	 Cyclone	 Preparedness	 Program	 worked.	 Since	 1991,	 a
strong	focus	on	adaptation	and	the	construction	of	a	further	 thirty-five	hundred
shelters	have	seen	the	death	rate	cut	by	more	than	a	hundredfold.	In	the	last	three
decades	 of	 the	 last	 century,	 about	 fifteen	 thousand	 people	 died	 in	Bangladesh
each	year	because	of	hurricanes.	In	the	2010s,	thanks	to	widespread	adaptation,
the	average	number	is	just	twelve	dead.22

Overall,	it	has	been	estimated	that	modest	investment	of	around	$1	billion	a
year	to	improve	public	awareness,	early-warning	systems,	and	disaster	response
in	 developing	 countries	 could	 deliver	 total	 benefits	 ranging	 from	 $4	 billion	 to



$36	billion.	 Indeed,	 studies	 show	 that	 across	 a	wide	 range	 of	 climate	 impacts,
adaptation	 through	 greater	 public	 awareness	 of	 dangers	 and	 early-warning
systems	can	be	an	excellent	investment.	For	river	flooding,	warning	systems	can
reduce	 damage	 costs	 by	 four	 times	 the	 cost	 of	 the	 warning.	 For	 heavy
precipitation,	 preparing	 communities	 through	 training	 and	 emergency
management	can	return	$30	on	every	dollar	spent.23

As	 we	 saw	 in	 chapter	 4,	 climate	 change	 is	 likely	 to	 mean	 over	 time	 that
hurricanes	 are	 less	 numerous	 but	 more	 ferocious.	 Adaptive	 measures	 are
necessary	 to	 ensure	 more	 people	 are	 protected,	 and	 they	 are	 well	 within	 our
power—and	our	budget—to	implement.

WE	 CAN	 DO	 much	 more,	 too,	 to	 reduce	 the	 risks	 of	 forest	 fires	 through
adaptation,	 especially	 in	 places	 like	 California,	 where	 the	 Camp	 Fire	 burned
down	the	entire	town	of	Paradise	in	2018.

One	of	the	best	ways	to	prevent	fires	from	destroying	lives	and	property	is	to
make	sure	that	people	don’t	put	themselves	in	harm’s	way	by	building	homes	in
high-risk	areas.	Without	so	many	homes	being	constructed	in	vulnerable	areas	at
the	 edge	 of	 the	 forest,	 fires	 would	 still	 happen,	 but	 without	 the	 human
devastation.

Building	codes	matter	too:	California	has	strict	codes	for	new	buildings,	but
older	homes	with	more	 flammable	 roofs	are	quicker	 to	catch	 fire,	 endangering
the	 houses	 around	 them.	 Indeed,	 the	 state’s	 so-called	wildland-urban	 interface
code	 highlights	 how	 to	 build	 safer	 houses	 by	 ensuring	 better	 placement,	more
fire-resistant	building	materials,	sprinklers,	and	less	vegetation.	If	this	code	was
adopted	 throughout	 the	 United	 States,	 it	 is	 estimated	 that	 each	 dollar	 spent
meeting	 code	would	 avoid	 four	 dollars	 in	 fire	 damage,	 and	 in	 Florida	 and	 the
West	avoid	more	than	six	dollars.24

To	see	the	difference	that	adaptation	makes,	we	need	only	look	to	the	city	of
Montecito,	 450	 miles	 south	 of	 Paradise.	 The	 city	 suffered	 severe	 fires	 in	 the
1960s;	in	response,	Montecito	adopted	an	approach	called	“adaptive	resilience.”
This	 strategy	 included	 creating	 spaces	 around	 homes	 without	 any	 wood	 that
could	 catch	 on	 fire.	 In	 some	 places,	 cactuses	 were	 used	 to	 replace	 fire-prone
trees.	Vegetation	on	 the	sides	of	 roads	 that	could	create	a	 terrifying	“tunnel	of
fire”	 for	people	escaping	were	 removed.	And	existing	homes	were	“hardened”
by	 making	 sure	 they	 used	 fire-resistant	 building	 materials.	 In	 addition,
firefighters	 themselves	 set	 carefully	 prescribed	 fires	 to	 reduce	 the	 amount	 of
wood	across	 the	countryside.	And	 they	 implemented	detailed	fire-planning	and



response	outreach	programs.25
In	2017,	all	 these	actions	were	put	 to	 the	 test.	The	Thomas	Fire,	which	had

already	 been	 burning	 for	 nearly	 two	weeks,	 turned	 south,	 and	 sixty-five-mile-
per-hour	gusts	of	wind	began	blowing	the	fire	directly	toward	Montecito.	There
was	an	expectation	 that	hundreds	of	houses	would	be	burned	 to	 the	ground;	 in
fact,	only	seven	were	lost.	A	fire	expert	said	of	the	efforts	to	protect	Montecito
that	 “it’s	 the	 difference	 between	 living	 in	 a	matchbox	 and	 a	 place	 that’s	more
resistant.”26

Adopting	 the	 adaptive	 measures	 undertaken	 in	 Montecito	 and	 rolling	 out
stricter	codes	for	homes	in	harm’s	way	is	just	common	sense.

HEAT	 WAVES	 INVARIABLY	 make	 the	 news	 and	 are	 often	 invoked	 as
evidence	of	the	coming	climate	change	apocalypse.	Temperatures	are	increasing
—there’s	no	question—and	extreme	heat	will	become	a	greater	problem	in	 the
decades	and	centuries	to	come.	But	as	with	so	much	else,	we	have	tools	already
in	place	to	mitigate	much	of	the	impact.

Adaptation	should	start	with	cities,	because	rising	temperatures	will	have	the
biggest	 human	 health	 impact	 in	 urban	 environments.	 Cities	 are	 increasingly
where	we	live,	already	accounting	for	more	than	half	the	world’s	population,	and
by	the	end	of	the	century	the	figure	will	be	80	to	90	percent.	Moreover,	cities	are
generally	much	hotter	than	surrounding	countryside:	they	are	filled	with	masses
of	nonreflective	black	surfaces	that	absorb	the	sun’s	rays	and	lack	green	spaces
and	water	features.27

This	 so-called	 urban	 heat	 effect	 can	 be	 drastic.	 For	 example,	 during	 the
summer,	 Las	 Vegas	 is	 7.3°F	 hotter	 than	 its	 surrounding	 countryside,	 with
summer	nights	an	astounding	10.3°F	warmer.	All	the	asphalt	and	vast	buildings
have	 made	 the	 city’s	 night	 temperatures	 increase	 much	 faster	 than	 the
surrounding	countryside,	a	rise	of	almost	1°F	each	decade	since	1970.28

But	 there	 is	 an	 amazingly	 simple	 adaptation	 that	 can	make	Las	Vegas	 and
other	cities	cooler.	Heat	is	caused	by	black	roofs	and	black	roads,	so	we	should
make	roofs	and	roads	lighter	in	color.	Heat	is	exacerbated	by	an	absence	of	parks
and	water	features,	so	we	should	create	more	greenery	and	oases.

Black	 roofs	 are	 a	 human	health	 risk.	 In	 the	 aftermath	 of	 the	 1995	Chicago
killer	heat	wave,	analysis	showed	that	people	living	on	the	top	floor	of	a	building
with	a	black	roof	were	more	likely	to	die.	But	lessons	have	been	learned.	New
York	 is	 working	 with	 nonprofit	 organizations	 and	 building	 owners	 to	 apply
white	 reflective	 surfaces	 to	 rooftops.	 It	 has	 already	 painted	 more	 than	 five



million	square	feet	of	roofs	with	a	light,	reflective	coating	(but	that	is	only	a	tiny
fraction	 of	 the	 city’s	 total	 rooftop	 space).	Los	Angeles	 has	 started	 painting	 its
dark	asphalt	with	a	cool,	gray	coating	that	can	lower	the	asphalt’s	temperature	by
10°F.	 The	 city	 calls	 these	 “cool	 pavements.”	 Theoretical	 models	 show	 that
making	 roads	 and	 roofs	 lighter	 in	 color	 can	 reduce	 summer	 temperatures	 in
California	by	2.6°F	and	in	New	York	by	3.2°F.29

Planting	trees	and	expanding	green	spaces	and	water	features	not	only	make
for	a	far	more	pleasant	city	for	inhabitants,	but	also	drastically	cool	the	highest
temperatures.	In	London,	the	area	around	the	River	Thames	and	in	urban	parks	is
on	average	1.1°F	cooler	than	neighboring	built-up	areas.30

The	most	significant	impact	of	these	approaches	will	be	evident	during	actual
heat	waves.	If	we	increase	parks	and	water	features	significantly,	models	show,
high	 temperatures	 three	 days	 into	 a	 hot-weather	 spell	 can	 be	 decreased	 by	 as
much	 as	 14°F,	 providing	 an	 oasis	 of	 coolness.	 And	 analysis	 from	 London
indicates	that	painting	asphalt	and	black	buildings	white,	and	thus	changing	the
entire	 city’s	 reflectivity,	 could	 decrease	 the	 temperature	 three	 days	 into	 a	 heat
wave	by	a	whopping	18°F.31

Adaptation	 is	 very	 effective	 at	 cooling	 cities.	 One	 2017	 study	 shows	 that
large-scale	 adoption	 of	 cool	 roofs	 and	 pavements	 across	 the	 world	 will	 cost
about	$1.2	 trillion	over	 the	 century,	but	 it	will	 prevent	 climate	damages	worth
almost	 fifteen	 times	 as	much.	Too	often,	 however,	 the	media	 treats	 cool	 roofs
and	light-colored	pavements	as	quirky	oddities	rather	than	serious	policies.	The
media	pays	far	more	attention	to	“green	roofs”	with	gardens,	water,	mosses	and
plants,	 presumably	 because	 these	 urban	 oases	 seem	 much	 more	 charming.
Unfortunately,	green	roofs	are	a	poor	deal	in	regards	to	the	climate:	their	benefits
are	no	greater	than	simple	cool	roofs,	but	they	triple	the	cost.32

There	are	many	other	ways	of	adapting	to	rising	temperatures.	Information	is
a	 crucial	 one.	 Better	 weather	 forecasting	 can	 help	 identify	 the	 risks,	 and
campaigns	 can	 encourage	 citizens	 to	 take	 simple	 measures	 like	 using	 fans,
drinking	plenty	of	water,	and	wearing	hats.

While	some	people	will	be	able	to	take	measures	to	adapt	 to	heat	waves	by
themselves,	public	measures	are	also	essential.	Those	with	swimming	pools	can
use	them	to	beat	the	heat,	but	for	everyone	else,	keeping	public	swimming	pools
open	for	longer	hours	during	a	heat	wave	can	help	save	lives.33

In	the	United	States,	local	authorities	already	work	with	national	agencies	to
determine	 when	 a	 heat	 wave	 is	 approaching	 and	 issue	 heat	 alerts	 along	 with
educational	 information	 so	 that	 people	 can	 plan	 and	 keep	 themselves	 safe.	 In



Chicago,	 such	 actions	 led	 to	 deaths	 dropping	 from	 700	 to	 100	 in	 three	 years,
while	 a	Philadelphia	heat	wave	plan	 is	 estimated	 to	have	 saved	117	 lives	over
three	 years.	 France	 has	 taken	 similar	 actions	 and	 managed	 to	 reduce	 deaths
during	heat	waves	by	90	percent.34

These	 adaptive	measures	 are	working	 not	 just	 in	 rich	 countries	 but	 also	 in
poor	countries.	After	a	2010	heat	wave	killed	more	than	thirteen	hundred	people,
the	Indian	city	of	Ahmedabad	enacted	a	Heat	Action	Plan	that	included	training
health	 care	 staff,	 distributing	 water,	 and	 painting	 roofs	 with	 white	 reflective
paint	 to	make	 homes	 up	 to	 9°F	 cooler.	 A	 similar	 heat	 wave	 in	 2015	 claimed
fewer	 than	 twenty	 lives.	Unsurprisingly,	 the	Heat	Action	Plan	has	been	copied
by	other	cities	across	India.35

Large	numbers	of	deaths	 from	heat	waves	are	entirely	avoidable	 if	we	 take
sensible	adaptive	measures.

ALONG	WITH	A	carbon	 tax	and	green	 innovation,	adaptation	 is	crucial	 if	we
are	to	tackle	climate	change.	As	we’ve	seen,	much	of	this	will	happen	by	itself,
simply	 because	 people	 naturally	 adapt,	 including	 in	 the	 simplest	 ways	 from
carrying	an	umbrella	to	avoid	getting	soaked	to	turning	on	an	air	conditioner	to
avoid	getting	heatstroke.	But	there	is	still	a	lot	of	publicly	funded	adaptation	that
can	reduce	climate	damages,	including	better	coastal	and	river	protection,	early-
warning	 systems	 for	 disasters,	 fire-proofing	 communities,	 and	 taking	 steps	 to
cool	cities.	Most	of	 these	are	very	cost-effective	 investments	with	considerable
returns	to	society.

Most	 of	 the	 alarmism	 about	 climate	 change	 tends	 to	 ignore	 our	 ability	 to
adapt.	 Remember	 the	 claims	 in	 chapter	 1	 that	 coastal	 flooding	 in	 the	 United
States	could	cost	more	than	our	entire	current	GDP?	Such	scaremongering	relies
on	 the	 assumption	 that	we	will	 not	 adapt.	But	 clearly,	 adaptation	will	 happen,
and	 it	 will	 not	 be	 through	 some	 global	 treaty,	 but	 through	 local	 and	 national
decisions.	That’s	happening	already.

Take	the	island	of	Manhattan.	When	Hurricane	Sandy	hit	New	York	City	in
2012,	 lower	 Manhattan	 suffered	 expensive	 flooding	 damage	 because	 basic
solutions	like	storm	covers	for	the	subway	system	were	missing.	In	2019,	Mayor
Bill	de	Blasio	set	out	a	comprehensive	plan	to	protect	lower	Manhattan	against
future	 flooding	 damage	 by	 augmenting	 berms	 and	 storm	 barriers,	 elevating
parks,	creating	a	coastal	extension,	and	more.	This	is	on	top	of	other	initiatives
that	 include	 building	 a	 five-mile	 seawall	 around	 Staten	 Island	 and	 sand	 dunes
around	the	Rockaways.36



Clearly,	poorer	people	have	fewer	resources	to	spend	on	adaptation.	When	a
hurricane	hits	poor	shanty	 towns,	many	people	die.	When	a	hurricane	hits	 rich
Florida,	it	might	have	a	severe	economic	impact,	but	the	human	devastation	will
be	far	less,	because	people	can	afford	much	more	adaptation.	Similarly,	we	saw
that	 Montecito	 and	 Paradise	 experienced	 very	 different	 fates	 from	 their	 fires.
Yes,	 the	vegetation	 that	 surrounds	 them	differs,	but	 there	 is	 another	difference
that	 played	 a	 crucial	 role	 in	 the	 final	 outcome:	wealth.	 Paradise	 is	 a	working-
class	 community,	whereas	Montecito	 is	 one	 of	America’s	wealthiest	 enclaves.
To	maximize	 everyone’s	 chances	 of	 adapting	 and	 reducing	 their	 vulnerability,
helping	to	achieve	more	prosperity	is	a	good	place	to	start.37

Perhaps	the	most	remarkable	fact	about	adaptation	is	that	most	of	its	benefits
can	be	 realized	 fairly	 cheaply	within	 just	 a	 few	days	or	 a	 few	years.	Compare
this	 speed	 to	 the	 delayed	 impact	 of	worldwide	 carbon	 taxes.	Adaptive	 actions
can	typically	deliver	much	more	protection	much	faster	and	at	a	lower	cost	than
any	realistic	carbon-reduction	climate	policy.

We	 should	 invest	 far	 more	 in	 planning	 and	 infrastructure	 to	 provide
protection	from	natural	disasters,	rising	sea	levels,	and	changes	in	temperatures.
We	must	do	all	of	this	with	a	clear	understanding	that	adaptation	is	an	effective
and	necessary	climate	policy.
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GEOENGINEERING:	A	BACKUP	PLAN

CARBON	TAXES,	 INNOVATION,	and	adaptation	can	 reduce	carbon	dioxide
emissions,	 bring	 forward	 the	 day	 that	we	 transition	 away	 from	dependence	 on
fossil	fuels,	and	reduce	our	vulnerability	to	climate	change.	However,	our	track
record	 in	 delivering	 effective	 climate	 policies	 is	 not	 stellar—while	 we	 have
definitely	 managed	 to	 adapt,	 carbon	 taxes	 and	 innovation	 have	 still	 not	 been
pushed	sufficiently.	But	there	is	another	approach	that	could	dramatically	reduce
temperature	 at	 a	 very	 low	 cost,	 and	 in	 as	 little	 as	 weeks.	 It	 is	 called
“geoengineering,”	 and	 essentially	 means	 deliberately	 adjusting	 the	 planet’s
temperature	controls.

With	 this	 solution	 more	 than	 any	 other,	 we	 enter	 uncharted	 territory.
Humanity	has	never	purposefully	made	planetwide	efforts	to	change	the	climate.
Many	 geoengineering	 technologies	 sound	 like	 science	 fiction.	Understandably,
the	entire	field	of	study	provokes	fear.

It	is	not	a	policy	we	should	be	implementing	right	now.	But	geoengineering	is
a	partial	solution	to	climate	change	that	is	worth	researching.	We	should	think	of
geoengineering	as	a	backup	plan	that	we	could	turn	to,	if	we	don’t	manage	to	get
everyone	 to	do	everything	needed	on	carbon	 taxes,	 innovation,	and	adaptation.
And	because	it	works	so	quickly,	it	could	play	a	role	if	we	found	that	we	needed
fast	action	to	avoid	a	looming	catastrophe.

OVER	A	LONG	WEEKEND	in	June	1991,	Mount	Pinatubo	in	 the	Philippines
erupted.	It	was	by	far	the	largest	volcanic	eruption	to	affect	a	densely	populated
area	 in	 the	 twentieth	 century.	 Producing	 avalanches	 of	 hot	 ash	 and	 gas,	 the
eruption	killed	hundreds,	damaged	thousands	of	homes,	and	displaced	hundreds
of	thousands	of	people.



As	well	 as	 causing	 devastation,	 the	 volcano	 also	 affected	 the	 climate.	 The
eruption	 injected	 enough	 sulfur	 dioxide	 into	 the	 stratosphere	 to	 temporarily
reduce	the	amount	of	sunlight	reaching	the	earth’s	surface	by	about	2.5	percent;
as	 a	 result,	 temperatures	 around	 the	 globe	 dropped	 by	 an	 average	 of	 one	 full
degree	Fahrenheit	over	the	following	eighteen	months.1

As	 concerns	 about	 global	 warming	 increased,	 researchers	 began	 to
investigate	whether	or	not	 they	could	mimic	a	volcano’s	effect	on	 the	climate,
without	the	carnage.	It	can	be	done	with	something	called	“stratospheric	aerosol
injection,”	which	involves	spraying	tiny	particles	such	as	sulfur	dioxide	into	the
upper	layer	of	the	atmosphere	to	act	as	a	thin	reflective	barrier	against	incoming
sunlight.	 Scientists	 have	 come	 up	 with	 a	 number	 of	 proposed	 delivery
mechanisms	to	get	the	sulfur	dioxide	where	it	needs	to	go—from	using	powerful
artillery	guns,	to	long	pipes	suspended	by	high-altitude	balloons,	to	aircraft	that
disperse	particles	as	they	fly.2

The	idea	of	pumping	sulfur	dioxide	 into	 the	upper	 layers	of	 the	atmosphere
understandably	worries	many	people.	Some	 fear	 that	 darkening	 the	 sky	 in	one
hemisphere	would	have	huge,	unpredictable	effects	on	tropical	climate	patterns,
and	perhaps	lead	to	more	drought	in	the	Sahel	region.	Others	worry	that	it	will
hamper	 photosynthesis.	 But	 scientists	 are	 investigating	 other	 geoengineering
options,	too.3

One	of	 the	 cheapest	 and	most	 effective	 approaches	 is	 called	 “marine	 cloud
brightening.”	Waves	breaking	on	the	ocean	create	airborne	sea	salt	particles,	and
the	 clouds	 above	 oceans	 consist	 mostly	 of	 tiny	 water	 droplets	 that	 have
condensed	around	these	particles.	The	idea	is	that	if	you	can	increase	the	number
of	sea	salt	particles	 in	 the	air	over	 the	oceans,	 the	 resulting	clouds	will	end	up
with	more	tiny	water	droplets.	Fewer	larger	droplets	mean	darker	clouds	(as	we
know	from	anytime	it	is	about	to	rain),	while	many	smaller	droplets	make	clouds
whiter.	 If	we	can	make	more	ocean	clouds	whiter,	 they	will	 reflect	more	 solar
energy	back	into	space,	thus	cooling	the	planet.4

Marine	cloud	brightening	amplifies	a	natural	process	and	would	not	 lead	 to
permanent	 atmospheric	 changes,	 since	 switching	 off	 the	 entire	 process	 would
return	the	world	to	its	previous	state	within	a	few	days.	It	could	therefore	be	used
only	when	needed.

Together	 with	 John	 Latham	 of	 the	 National	 Center	 for	 Atmospheric
Research,	 the	University	of	Edinburgh’s	Stephen	Salter	has	designed	a	 fleet	of
remote-controlled,	 wind-powered	 catamarans	 that	 could	 mimic	 the	 ocean’s
natural	 wave	 action	 and	 put	more	 sea	 salt	 particles	 into	 the	 atmosphere.	 This



fleet	would	disperse	seawater	mist	about	a	hundred	feet	into	the	air,	introducing
more	 sea	 salt	 particulates	 and	 helping	 clouds	 become	 slightly	 brighter—just
enough	to	keep	temperatures	down.5

THE	DELIBERATE	MODIFICATION	of	 the	climate	 to	suit	human	needs	has
long	 been	 regarded	 as	 anathema,	 or	 at	 least	 the	 height	 of	 hubris,	 by	 most
environmentalists.	Climate	is	one	of	the	most	complex	systems	imaginable,	and
we	are	a	long	way	from	fully	understanding	how	it	works.	Who	is	to	say	that	in
our	well-intentioned	 efforts,	we	won’t	make	 things	worse—maybe	 even	much
worse?

Obviously	 there	 is	a	 lot	 that	we	do	not	yet	know	about	 this	 technology	and
how	it	would	work	on	a	planetary	scale.	But	there	are	three	key	reasons	why	we
should	start	researching	geoengineering	technologies.

The	first	argument	for	researching	geoengineering	is	that	it	is	the	only	known
approach	that	allows	us	to	make	dramatic	cuts	in	global	temperature	at	low	cost.
Research	 for	Copenhagen	Consensus	 shows	 that	 just	 $9	 billion	 spent	 building
nineteen	hundred	 seawater-spraying	boats	 could	prevent	all	 of	 the	 temperature
increase	 projected	 in	 this	 century.	 This	 is	 a	 tantalizing	 possibility	 when	 we
consider	the	$60	trillion	in	damages	in	the	twenty-first	century	that	would	come
from	unmitigated	global	warming.6

The	second	argument	follows	straight	from	the	first.	If	changing	the	planet’s
temperature	turns	out	to	be	relatively	cheap	and	easy,	there	is	a	risk	that	a	single
nation,	 a	 rogue	 billionaire,	 or	 even	 a	 highly	 energized	 nongovernmental
organization	could	deploy	the	technology	on	their	own.	Thus,	it	is	important	that
scientists	 seriously	 investigate	 its	 potential	 impacts	 now	 and	 share	 this
information,	 to	make	 sure	we	 all	 know	more	 about	 geoengineering’s	 potential
negative	 impacts.	 If	 there	 are	 severe,	 negative	 consequences	 it	 would	 make
rogue	efforts	to	pursue	geoengineering	less	likely.7

The	third	key	argument	for	exploring	this	technology	is	that	it	would	allow	us
to	change	the	global	average	temperature	very	quickly.	Any	standard	fossil-fuel-
cutting	 policy	will	 take	 decades	 to	 implement	 and	 half	 a	 century	 to	 have	 any
noticeable	climate	impact.	Instead,	just	like	Mount	Pinatubo,	geoengineering	can
literally	reduce	temperatures	in	a	matter	of	weeks.

There	is	a	great	deal	we	don’t	know	about	climate	change,	including	whether
or	 not	 it	 happens	 in	 a	 linear	 fashion.	 Proponents	 of	 drastic	 carbon	 cuts	 often
make	 the	 case	 that	 there	 could	 be	 tipping	 points	 that	 we	 barely	 understand,
beyond	which	 the	 planet	 could	 be	 doomed.	What	 if	 they’re	 right?	What	 if	we



learn	at	some	point	that	we	really	are	five	years	from	disaster?	None	of	the	other
weapons	in	our	arsenal	work	on	that	time	scale.	Even	radical	cuts	of	emissions
would	 take	 decades	 to	 achieve	 significant	 results.	 Geoengineering	 is	 the	 only
way	 to	halt	warming	quickly.	Potential	 pitfalls	 are	 clear,	 but	 if	we	were	 faced
with	a	genuine	catastrophe,	we	would	certainly	want	this	option	available.8

THERE	 IS	WIDESPREAD	opposition	 to	 geoengineering	 from	 those	 you	may
think	would	be	most	in	favor:	people	who	have	devoted	their	careers	to	tackling
climate	 change.	 A	 2019	 survey	 of	 more	 than	 seven	 hundred	 climate	 change
scientists	 and	 negotiators	 involved	 in	 international	 climate	 policy	 found	 that
most	 believe	we	 should	 not	 study	geoengineering.	 (Interestingly	 though,	when
those	surveyed	believe	climate	change	will	be	bad	for	their	own	country,	they	are
much	more	likely	to	support	geoengineering.)9

The	 key	 arguments	 made	 against	 geoengineering	 are	 that	 the	 technology
won’t	work,	that	it	will	work	but	will	have	bad	impacts,	and	that	it	will	distract
us	from	cutting	carbon	dioxide	emissions.10

The	 first	 argument	 is	 simply	 an	 empirical	 question.	Maybe	 geoengineering
works,	maybe	it	doesn’t.	To	find	out,	we	need	scientists	 to	undertake	research.
Will	 geoengineering	 cause	 harm?	 Maybe,	 which	 is	 all	 the	 more	 reason	 we
should	 research	 it.	Of	 course,	 there	 are	many	 things	 that	 could	 go	wrong.	We
could	change	complex	precipitation	patterns,	for	example,	meaning	that	rainfall
increases	where	we	don’t	want	it,	and	decreases	where	it’s	needed.	If	we	reduce
sunlight	as	stratospheric	aerosol	injection	would,	plants	would	grow	less	quickly,
so	that	could	lead	to	lower	agricultural	yields.11

However,	 the	 research	 done	 so	 far	 is	 actually	 encouraging.	 One	 team	 of
researchers	 looked	at	 two	possible	worlds	by	 the	end	of	 the	century.	 In	one	of
these	we	experience	high	temperatures	because	of	global	warming.	The	other	is
identical	 except	 the	 world	 has	 started	 using	 stratospheric	 aerosol	 injection,
following	the	concept	of	Mount	Pinatubo.	In	the	vast	majority	of	places	people
live,	the	second	scenario	is	better	than	the	first:	only	a	few	places,	less	than	0.4
percent	 of	 the	 planet’s	 inhabited	 surfaces,	 have	 more	 extreme	 weather.	 Most
people	experience	less	extreme	weather,	including	lower	temperatures	and	lower
extreme	 temperatures,	 along	 with	 less	 extreme	 precipitation	 and	 less	 risk	 of
flooding	or	drought.12

But	 the	 third	 argument,	 that	 somehow	 geoengineering	 is	 bad	 because	 it
undermines	 the	 “real”	 solution	 to	 climate	 change,	 is	 deeply	 flawed.	 The	 same
reasoning	was	once	used	to	dismiss	any	discussion	of	adaptation.	Campaigners



who	 argue	 this	 point	 believe	 that	 there	 is	 only	 one	 “right”	way	 to	 fix	 climate
change,	namely,	cutting	carbon	dioxide	emissions.	Surely,	we	should	be	open	to
using	whatever	method	will	be	most	effective.13

Moreover,	it	is	unreasonable	to	argue	that	using	geoengineering	will	just	give
us	an	excuse	to	keep	emitting	carbon.	Should	we	ban	coronary	bypass	surgery	or
cholesterol-lowering	drugs	because	they	let	people	get	away	with	bad	behavior
like	eating	too	many	french	fries?	In	my	experience,	nobody	eats	french	fries	just
because	they	know	that	if	it	comes	to	it,	they	have	an	option	down	the	line	to	get
a	bypass.

Even	in	the	face	of	opposition	from	many	climate	change	campaigners,	it	is
promising	 to	 see	 increasing	 support	 for	 geoengineering	 research	 from	 various
quarters:	 under	 President	 Obama,	 the	 US	 government	 office	 that	 oversees
federally	funded	climate	studies	actually	recommended	geoengineering	research,
marking	the	first	time	that	scientists	in	the	executive	branch	ever	formally	called
for	 it.	 This	 also	 had	 the	 backing	 of	 President	 Obama’s	 science	 advisor,	 John
Holdren.	And	in	the	wake	of	the	Paris	climate	deal,	eleven	top	climate	scientists
declared	 that	 the	 Paris	 Agreement	 was	 far	 too	 weak	 to	 prevent	 the	 effects	 of
climate	change,	and	announced	that	they	supported	geoengineering	research.14

IN	 A	 COST-BENEFIT	 STUDY	 undertaken	 for	 Copenhagen	 Consensus,
researchers	estimated	the	benefit	of	research	on	geoengineering.	They	found	that
every	 dollar	 spent	 on	 research	 in	 this	 area	 could	 lead	 to	 a	 total	 benefit	 worth
$2,000.	Yet	astonishingly,	given	the	potential,	very	little	government	money	has
been	put	 into	researching	the	technology.	One	of	 the	very	few	organizations	 in
the	 world	 to	 build	 prototype	 boats	 for	 salt	 spraying	 is	 not	 a	 climate	 or
governmental	 body	 but	 the	 Discovery	 television	 channel,	 to	 make	 an
entertaining	documentary.15

Why	are	governments	reluctant	to	spend	money	on	geoengineering?	Partly	it
would	 seem,	 because	 of	 the	 complex	 international	 political	 issues	 that	 would
arise	should	any	nation	pursue	the	technology.	But	it	is	also	partly	because	many
climate	 change	 campaigners	 trenchantly	 oppose	 geoengineering.	 The	 activists
would	 rather	 we	 cut	 carbon	 dioxide	 emissions	 at	 any	 cost	 than	 invest	 in	 a
solution	that	could	allow	factories	 to	continue	belching	carbon	dioxide	into	the
air.	 The	 campaigners	 are	 less	 concerned	with	 reducing	 the	 rise	 in	 temperature
than	they	are	with	reducing	the	use	of	fossil	fuels.	This	seems	unreasonable.

Of	course,	 just	 avoiding	 the	 temperature	 rise	wouldn’t	 solve	every	climate-
change-related	problem.	But	 remember,	no	 realistic	 climate	policy	promises	 to



solve	all	(or	even	most)	climate	change	problems.
If	 geoengineering	 could	 avoid	 a	 significant	 fraction	 of	 expected	 climate

change	damages	with	few	or	no	side	effects,	it	would	be	a	phenomenally	useful
intervention	for	humanity.	Indeed,	given	that	today	we’re	contemplating	carbon-
cut	 policies	 that	will	 cost	 hundreds	 of	 trillions	 of	 dollars	 yet	 do	 little	 to	 help,
paying	 instead	 $0.009	 trillion	 ($9	 billion),	 as	Copenhagen	Consensus	 research
suggests,	 to	 fix	 a	 significant	 part	 of	 climate	 change	would	 leave	 an	 enormous
amount	of	money	available	to	do	good	in	other	ways.

The	researchers	working	for	Copenhagen	Consensus	who	studied	the	merits
of	geoengineering	recommend	starting	research	spending	with	tens	of	millions	of
dollars	now,	and	increasing	this	to	the	low	billions	in	decades.	This	would	be	a
sensible	level	of	investment	to	make	sure	that	geoengineering	in	fact	can	work,
will	generate	as	few	downsides	as	possible,	and	all	of	us	are	well	informed.16

We	should	not	 commence	geoengineering	now,	 since	 the	 technology	 is	 not
ready	and	we	don’t	yet	know	enough	about	it.	But	we	simply	can’t	afford	not	to
research	it.	It	might	just	prove	to	be	the	earth’s	best	backup	plan.
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PROSPERITY:	THE	OTHER	CLIMATE
POLICY	WE	NEED

WE	HAVE	LOOKED	at	how	to	set	a	carbon	tax,	at	what	we	can	achieve	with
innovation	 and	 adaptation,	 and	 at	 the	 backstop	 policy	 of	 geoengineering.	 But
there	 is	 one	other	 approach	 that	 doesn’t	 get	 enough	attention,	 and	 in	 fact	 isn’t
even	 commonly	 thought	 of	 as	 a	 climate	 change	 policy.	 It’s	 making	 countries
richer.

The	case	for	seeing	prosperity	as	climate	policy	is	made	clear	when	we	look
at	 two	low-lying	nations	built	on	river	deltas,	Bangladesh	and	the	Netherlands,
and	examine	the	differences	in	their	exposure	to	climate	change.	Both	countries
are	 flood	 prone:	 60	 percent	 of	 Bangladesh	 is	 vulnerable	 to	 flooding,	 and	 67
percent	 of	 the	 Netherlands	 is	 similarly	 vulnerable.	 Both	 face	 considerable
challenges	from	global	warming.	Yet	 their	vulnerability	 to	climate	change,	and
response	to	it,	 is	very	different.	This	is	obvious	when	looking	at	flooding	from
rising	sea	levels.1

The	Netherlands	suffered	a	devastating	flood	in	1953,	the	Watersnoodramp.
More	 than	eighteen	hundred	people	died	when	water	breached	 the	dikes	 in	 the
provinces	of	Zeeland,	South	Holland,	and	North	Brabant.	The	disaster	prompted
the	Dutch	government	to	invest	massively	in	flood	prevention	over	the	next	half
century,	 building	 an	 extensive	 system	 of	 dams	 and	 storm-surge	 barriers.	 This
program,	 the	Delta	Works,	 ended	 up	 costing	 about	 $11	 billion	 in	 total.	 It	was
such	an	enormous	project	that	it	was	sometimes	referred	to	as	the	eighth	wonder
of	the	world.	Since	1953,	there	have	been	just	three	floods	and	one	fatality	due
to	flooding	in	the	Netherlands.2

In	 contrast,	 Bangladesh	 still	 sees	 large-scale	 flooding.	 In	 2019,	 flooding



forced	more	 than	 two	hundred	 thousand	Bangladeshis	 to	 flee	 their	homes,	 and
prompted	fears	of	food	insecurity	for	four	million.	In	the	first	two	decades	of	the
twenty-first	century,	more	than	three	thousand	people	have	died	from	flooding.
Every	year,	flooding	causes	devastation	and	claims	lives.3

The	 obvious	 truth	 is	 that	 rich	 countries	 can	 spend	 more	 money	 to	 protect
against	climate	change	than	poor	countries	can.	Lifting	countries	out	of	poverty
is	an	essential	but	underdiscussed	approach	to	mitigating	the	damage	of	climate
change.

Let’s	 take	 another	 look	 at	 three	 of	 the	 pathways	 developed	 by	 scientists
working	 for	 the	 UN	 (from	 chapter	 9).	 In	 each	 scenario,	 Bangladesh	 is	 set	 to
become	richer.	If	we	look	at	the	middle-of-the-road	pathway,	it	will	by	the	end
of	the	century	be	as	rich	as	Holland	is	today.	If	we	look	at	the	best	scenarios—
sustainable	 (green)	 and	 fossil	 fuel—which	 will	 see	 large-scale	 investment	 in
education,	 health,	 and	 technology,	 then	 by	 the	 end	 of	 the	 century	 Bangladesh
will	be	much	richer	still.

In	the	sustainable	scenario,	Bangladesh	will	in	the	early	2080s	become	richer
than	today’s	Holland.	In	the	fossil	fuel	scenario,	it	will	become	even	richer,	even
faster,	 surpassing	 today’s	Holland	 in	 the	 late	 2060s,	 less	 than	 fifty	 years	 from
today.

As	Bangladesh	gets	richer,	it	will	be	able	to	spend	more	on	adaptation.	Flood
defenses	 for	 roads	 and	 railways,	 river	 embankments	 protecting	 productive
agricultural	lands,	and	drainage	systems	and	erosion	control	measures	for	major
towns	are	estimated	to	cost	almost	$3	billion	initially	and	$54	million	in	annual
costs	to	2050.	While	the	initial	cost	 is	about	one	percent	of	Bangladesh’s	GDP
today,	 it	will	be	one-tenth	or	 less	 in	 the	2050s.	Clearly,	widespread	adaptation
will	 follow	 as	 Bangladesh	 gets	 richer,	 and	 more	 adaptation	 will	 follow	 with
more	 development.	 Before	 the	 end	 of	 the	 century,	 it	 seems	 likely	 that	 if
Bangladesh	 becomes	 richer	 than	 Holland	 is	 today,	 it	 will	 have	 flood	 and	 sea
defenses	at	least	as	good	as	those	now	found	in	the	Netherlands.4

Today,	Bangladesh	spends	almost	$3	billion	annually	to	subsidize	fossil	fuels
like	 gas	 and	 electricity	 production	 as	 a	 way	 to	 provide	 citizens	 with	 energy
access.	As	incomes	rise,	it	is	likely	Bangladesh	can	not	only	cut	its	subsidies,	but
start	 taxing	 carbon	 emissions	 and	 begin	 spending	 on	 green	 energy	 R&D	 like
richer	countries	already	do.	If	you’re	poor,	you	burn	cheap,	dirty	fuel.	If	you’re
richer,	you	can	afford	to	subsidize	wind	turbines.6



FIGURE	15.1	Three	scenarios	for	GDP	per	person	in	Bangladesh	over
the	century.	Dashed	lines	show	the	actual	amount;	full	lines	show	the

amount	when	adjusted	for	climate	damages.	Holland	in	2020	is	shown	for
reference.5

Picking	 the	 high-growth	 pathways	 to	 ensure	 that	 Bangladesh	 gets	 out	 of
poverty	and	into	a	better	life	with	more	capacity	for	adaptation,	innovation,	and
green	taxes	is	in	itself	a	climate	policy.	Yes,	development	will	also	lead	to	more
carbon	 emissions,	 higher	 temperatures,	 and	 greater	 climate	 damages,	 as	 is
indicated	as	the	difference	between	the	dashed	and	solid	lines	in	figure	15.1.	But
the	 positive	 effects	will	 vastly	 outweigh	 the	 negative	 ones,	 in	 terms	 of	 higher
climate	resilience,	more	sustainable	 long-term	climate	policies,	and	 in	 terms	of
development	itself.

THE	REASON	WHY	we	pursue	any	climate	change	policy	is	to	make	the	world
better	than	it	would	otherwise	be.	Our	goal	is	to	make	sure	that	both	people	and
the	world’s	environment	are	better	off	than	they	would	have	been	had	we	done
nothing.	This	is	why	we	set	a	carbon	tax	to	ensure	that	emissions	are	lower	and
hence	temperatures	do	not	rise	as	high.	We	invest	in	green	R&D	to	find	low-	or
zero-carbon	 energy	 technologies	 to	 outcompete	 fossil	 fuels,	 lower	 emissions,
and	 reduce	 temperature	 rises.	 We	 invest	 in	 adaptation	 and	 geoengineering	 to
reduce	and	counterweigh	the	negative	impacts	of	global	warming.

But	it	is	an	unavoidable	fact	that	all	these	policies	also	cost	us	resources	that



could	 have	 been	 spent	 making	 people’s	 lives	 healthier,	 longer,	 and	 more
prosperous.	If	we	focused	some	of	these	resources	on	effective	development	and
human	capital	investments,	then	people	would	be	more	able	to	afford	expensive
green	energy	sources	and	more	capable	of	investing	in	adaptation.	As	a	society,
we	would	have	more	money	to	respond	to	climate	change.

This	 is	 especially	 true	 for	 the	 world’s	 poorest.	 As	 we	 saw	 in	 chapter	 10,
climate	 change	 affects	 the	 world’s	 poor	 much	 more	 than	 it	 affects	 the	 rich.
Indeed,	often	 the	climate	 travails	of	 the	world’s	poorest	are	used	as	an	explicit
reason	 for	 cutting	 carbon	 dioxide	 emissions	 and	 diverting	 development	 aid	 to
climate	projects.

In	 countries	 most	 affected	 by	 spikes	 in	 temperature,	 it	 is	 very	 clear	 that
getting	poor	people	out	of	poverty	means	they	will	not	be	nearly	as	affected	by
heat	waves.	Their	societies	will	be	better	able	to	afford	air-conditioned	hospitals
and	community	centers	that	can	help	especially	vulnerable	people	cope	with	the
heat.	It	means	their	societies	can	afford	to	make	urban	environments	cooler,	with
more	 parks	 and	water	 features,	 cool	 roofs,	 and	 cool	 pavements.	 It	 also	means
individuals	 can	 increasingly	 afford	 to	 keep	 cool	when	 it’s	 hot	 and	 keep	warm
when	it’s	cold,	because	of	the	increased	affordability	of	cooling	and	heating.

Ensuring	 more	 widespread	 prosperity	 also	 means	 fewer	 people	 will	 be
dependent	 on	 small-scale	 farming,	 in	 which	 a	 single	 weather	 catastrophe	 can
spell	disaster	for	a	whole	family.	It	can	help	societies	change	from	being	mostly
dependent	 on	 weather-affected	 agriculture	 to	 a	 much	 more	 secure	 life	 within
weather-proof	manufacturing	and	services.	A	more	prosperous	society	will	also
have	 better	 health	 services,	 which	 can	 help	 ameliorate	 negative	 impacts	 from
global	warming.	They	will	have	better	social	protections,	making	sure	fewer	are
affected	 by	 nutritional	 deficiencies,	 even	 if	 climate	 change	 harms	 local
agriculture.

History	shows,	 too,	 that	making	a	society	richer	means	it	can	afford	to	stop
deforestation.	 The	 Netherlands	 is	 planting	 forests	 while	 Bangladesh	 is	 still
cutting	them	down.	As	people	move	out	of	poverty	and	don’t	have	to	focus	so
much	on	simply	surviving,	they	become	more	interested	in	safeguarding	nature,
cutting	air	and	water	pollution,	and	starting	to	reforest.	While	the	area	of	global
wetlands	 and	 its	 biodiversity	 is	 expected	 to	 decline	 as	 sea	 levels	 rise	 without
extra	resources	spent	on	wetland	adaptation,	richer	societies	will	be	more	likely
to	set	aside	resources	to	create	new	space	for	wetlands.	In	total,	richer	societies
will	likely	see	up	to	60	percent	more	wetlands.7

And	of	course,	a	 society	 that	 is	better	off	enjoys	many	other	 improvements



that	 go	 far	 beyond	being	 able	 to	 deal	with	 climate	 change.	Young	people	will
have	 better	 education	 and	 more	 job	 opportunities,	 and	 more	 money	 can	 be
invested	 in	 health	 care	 and	 protecting	 the	 vulnerable.	 The	Netherlands	 has	 its
problems,	but	extreme	poverty	is	not	among	them.

This	does	not	mean	we	should	do	nothing	to	address	climate	change.	There
are	 plenty	 of	 climate	 policies	 that	 are	 so	 cost	 effective,	 we	 should	 definitely
implement	 them.	But	 it	does	mean	we	need	 to	more	explicitly	weigh	 the	costs
and	benefits	of	climate	policies	against	all	other	policies	and	ask,	where	can	we
help	most?	We	will	discuss	answers	to	this	broader	question	in	the	next	chapter,
but	not	 surprisingly,	 it	 turns	out	 that	one	of	 the	best	answers	 is	 to	 increase	 the
level	of	well-being	in	the	Bangladeshes	of	the	world,	as	fast	as	we	can.

THE	IDEA	OF	prosperity	as	a	climate	change	policy	 is	 rarely	considered.	We
are	 much	 more	 focused	 on	 specific	 actions	 like	 putting	 up	 a	 solar	 panel	 or
abstaining	from	meat.	But	 the	 idea	has	been	around	for	decades.	Back	 in	1992
when	climate	negotiations	were	just	beginning,	Nobel	Prize–winning	economist
Thomas	 Schelling	 (with	 whom	 I	 collaborated	 for	 decades)	 first	 posed	 the
question,	are	poor	people	really	best	helped	through	cutting	CO2	and	adaptation,
or	could	we	achieve	more	if	we	focused	on	making	them	more	prosperous?	The
so-called	 Schelling	 conjecture	 suggests	 that	 getting	 richer	 is	 likely	 to	 be	 the
better	way	to	help	people,	even	those	faced	with	climate	problems.8

One	 of	 the	 clearest	 examples	 of	 an	 answer	 to	 the	 Schelling	 conjecture	 is
found	 in	 a	 2018	 study	 that	 followed	 sixteen	 hundred	 rural	 households	 in
Tanzania	 over	 six	 years,	 analyzing	 their	 vulnerability	 to	 weather	 shocks.	 The
study	found	that	hotter	years	affected	the	very	poor	differently	than	it	did	others.
The	 very	 poor	 households	 had	 less	 food	 and	 opportunity	 for	 consumption	 in
hotter	years.	But	those	who	were	one	rung	or	two	higher	on	the	ladder,	who	were
still	poor	but	 slightly	 less	 so,	 turned	out	not	 to	be	affected	by	weather	 shocks.
Their	 food	 and	 overall	 consumption	 possibly	 even	 increased	 slightly	 in	 hotter
years.	Why?	These	 “slightly	 less”	 poor	 have	multiple	 (small)	 income	 streams,
not	just	from	agriculture,	but	often	also	from	business	and	retail.	They	can	vary
their	 incomes	 better	 when	 temperatures	 spike.	 They	 can	 also	 better	 afford	 to
invest	 in	 things	 like	 irrigation,	 or	maybe	 take	 a	 chance	 on	 higher-yielding	 but
riskier	seed	varieties.	In	comparison,	the	absolutely	poorest	will	understandably
shy	 away	 from	 such	 risky	 investments,	 and	will	 be	 confined	 to	 back-breaking
outdoor	agricultural	work	that	becomes	harder	in	temperature	spikes.9

The	 lesson	 is	 simple:	 even	 if	 you	 just	 want	 to	 help	 the	 poorest	 people	 in



Tanzania	reduce	their	vulnerability	to	climate	change	and	nothing	else,	the	best
way	to	help	them	is	to	lift	them	out	of	extreme	poverty.	Get	the	poorest	people	to
become,	at	the	very	least,	slightly	less	poor.

Indeed,	 a	 2012	 study	 investigating	 the	 impact	 of	 climate	 and	 prosperity
policies	for	all	regions	of	the	world	shows	that	even	when	the	goal	is	just	to	help
with	 climate	 impacts,	 for	 the	 poorest	 regions	 the	 best	 policies	 focus	 on
development,	not	climate.	Even	if	our	singular	goal	 is	 to	reduce	the	impacts	of
climate	change,	one	of	the	best	ways	to	assist	the	world’s	poorest	is	to	help	them
escape	poverty.	Prosperity	can	be	a	highly	effective	climate	policy.10
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CONCLUSION:	HOW	TO	MAKE	THE
WORLD	A	BETTER	PLACE

THE	GOAL	OF	climate	policy	is	to	make	the	world	a	better	place.	Right	now,
we	 stand	 at	 a	 crossroads.	We	 can	 charge	 on	 in	 the	 same	 direction,	 but	 thirty
years	of	failed	climate	policy	tell	us	this	approach	will	not	make	the	world	much
better,	and	it	will	cost	us	a	lot.	Or	we	can	choose	a	different	pathway	that	could
help	people	and	the	planet	much	more.

Let’s	look	at	the	big	picture	for	a	moment.	Instead	of	thinking	just	about	the
single	 issue	 of	 climate	 change,	 let’s	 look	 at	 how	well	 humanity	 is	 doing	 right
now	on	all	of	the	biggest	challenges	confronting	us.

Are	things	getting	better	or	worse?	One	way	of	answering	this	question	is	to
look	at	these	challenges,	expressed	as	costs	to	humanity.

Figure	16.1	 is	 the	 result	of	work	 I	undertook	with	 ten	world-class	 teams	of
economists.	We	set	out	to	establish	what	different	global	problems	have	cost—
and	will	cost—from	1900	 to	2050,	as	a	percentage	of	global	GDP.	This	 figure
reveals	two	essential	points.1

First,	 things	 are	 generally	 getting	 better.	 From	 air	 pollution	 to	 gender
inequality	to	malnutrition,	we	have	managed	to	reduce	the	impact	of	the	biggest
challenges	humanity	has	faced,	and	we	are	on	target	to	reduce	them	even	further.
If	 we	 think	 about	 what	 the	 world	 looked	 like	 in	 1900	 and	 what	 it	 looks	 like
today,	this	lesson	comes	as	no	surprise.

Second,	the	figure	shows	us	that	climate	change	is	a	moderate	problem	in	a
sea	of	problems,	big	and	small.2



FIGURE	16.1	How	much	richer	would	the	world	have	been	had	we
solved	different	issues,	1900–2050.	Cost	of	climate	change	with	optimal

policy	added	for	reference.3

These	 two	 points	 need	 to	 guide	 us.	 We	 have	 reduced	 the	 scale	 of	 other
challenges,	 and	we	need	 to	continue	 that	work	 for	 the	 future.	We	also	need	 to
solve	 global	warming.	But	we	 need	 to	 do	 so	with	 the	 knowledge	 that	 climate
change	is	not	the	only	problem	facing	the	world,	nor	is	it	the	largest.

PEOPLE	ARE	TERRIFIED	of	climate	change,	above	all	else.	Half	the	world’s
surveyed	 population	 believes	 human	 extinction	 is	 likely,	 and	 that	 faced	 with
possible	annihilation,	any	expenditure	is	justified.4

But	remember,	we	have	been	scared	witless	before.	In	the	1960s	and	1970s,
the	good	and	necessary	concern	for	 the	environment	 took	a	dark	turn.	Thought
leaders	were	 supremely	 confident	 that	 the	 planet	 faced	 doom.	They	 foretold	 a
future	 of	 overpopulation,	 famine,	 and	 pollution,	 with	 social	 and	 ecological
collapse.

No	 one	 person	 did	 more	 to	 preach	 this	 pessimistic	 message	 than	 Stanford
ecologist	 Paul	 Ehrlich.	 He	 was	 a	 favorite	 on	 Johnny	 Carson’s	 Tonight	 Show,
prophesizing	 to	 the	 American	 public	 that	 the	 planet	 was	 on	 the	 brink	 of
destruction,	not	least	because	ever	more	people	were	gobbling	up	resources	and
generating	pollution.	On	CBS	national	news	in	1970,	he	explained	that	the	world
would	end	before	1985:	“Sometime	in	the	next	fifteen	years,	the	end	will	come.
And	 by	 ‘the	 end’	 I	mean	 an	 utter	 breakdown	 of	 the	 capacity	 of	 the	 planet	 to



support	 humanity.”	 Other	 influential	 academics	 agreed	 that	 the	 end	 was	 near,
differing	only	 in	how	much	 time	was	 left:	as	 little	as	 five	years	or	as	many	as
thirty.	The	media	jumped	on	these	stories.	Life	magazine,	for	instance,	reported
in	1970	that	“horrors	lie	in	wait,”	and	that	within	ten	years	“urban	dwellers	will
have	to	wear	gas	masks	to	survive	air	pollution.”5

But	the	warnings	were	completely	wrong.	Ehrlich	predicted	that	one	to	 two
billion	people	would	die	from	starvation	in	the	1970s.	He	was	off	by	much	more
than	 99	 percent.	 He	 claimed	 that	 by	 1980,	 the	 life	 expectancy	 of	 the	 average
American	could	be	forty-two	years.	In	1980,	it	reached	seventy-four	years.	Los
Angelinos	didn’t	need	gas	masks	for	air	pollution	but	instead	breathed	easier	in
the	 1980s	 because	 of	 technological	 breakthroughs	 like	 the	 catalytic	 converter
and	stricter	environmental	regulations.	The	world	did	not	end.6

The	apocalyptic	 rhetoric	did	significant	damage,	however.	 If	 the	world	was
becoming	 overpopulated,	 the	 conclusion	 drawn	 by	 researchers	 and	 politicians
was	 that	 it	 was	 necessary	 to	make	 people	 have	 fewer	 children,	 especially	 the
poor.	Population	control	came	to	be	seen	as	“the	only	possible	salvation	of	 the
underdeveloped	world,”	as	Ehrlich	put	 it.	Some	researchers	started	considering
adding	 chemicals	 to	 water	 supplies	 or	 staple	 foods	 to	 make	 the	 world’s	 poor
temporarily	 sterile.	 It	 gave	 urgency	 and	 legitimacy	 to	 end	 horrific	 abuses
committed	 by	 governments,	 including	 forced	 sterilization	 campaigns	 and
coerced	 abortions.	 In	 just	 one	 year,	 in	 1976,	 the	 Indian	 government	 force-
sterilized	6.2	million	men.7

And	 the	 idea	 that	 the	world	was	 on	 the	 brink	 of	 irrevocable	 collapse	 from
starvation	even	made	it	possible	for	some	leading	environmentalists	to	consider
cutting	 off	 food	 aid	 to	 entire	 countries	 and	 regions.	 Believing	 that	 continued
food	aid	would	allow	 the	births	of	more	children,	who	would	 inevitably	die	 in
later	 hunger	 catastrophes,	 Ehrlich	 advocated	 that	 humanity’s	 most	 hopeful
scenario	was	to	cut	off	food	aid	to	Vietnam,	Thailand,	Egypt,	and	India—and	sit
back	 and	watch	while	 famine	 and	 food	 riots	 killed	 half	 a	 billion	 people.	 It	 is
horrific	 to	 consider	 the	 human	 suffering	 that	would	 have	 resulted,	 had	we	 not
instead	 followed	 the	 advice	 of	 Norman	 Borlaug	 and	 the	 green	 revolution	 and
pursued	 a	 pathway	 of	 innovation	 and	 improving	 agricultural	 productivity.
Ehrlich’s	 approach	 is	possibly	 the	most	heinous	 example	 in	modern	history	of
bad	policy	advice	emerging	from	unfounded,	apocalyptic	worries.8

PANIC	DOESN’T	JUST	lead	us	toward	bad	or	 ineffective	policy	solutions—it
can	also	lead	us	to	focus	on	the	wrong	problems.	This	is	a	challenge	we’ve	seen



throughout	the	history	of	the	environmental	movement.
Much	of	the	early	concern	of	environmental	organizations,	campaigners,	and

politicians	was	with	regulation	 to	protect	us	 from	potentially	dangerous	 toxins.
In	large	part,	this	focus	was	due	to	the	outsized	impact	of	Rachel	Carson’s	1962
bestseller,	Silent	Spring,	which	made	the	case	that	chemicals	like	DDT	and	other
toxins	were	killing	birds	and	children.	Carson	was	correct	in	pointing	out	that	the
US	government	was	 not	 doing	 nearly	 enough	 to	 safeguard	 nature	 and	 humans
from	dangerous	chemicals.	But	even	at	the	time,	her	concerns	were	exaggerated;
she	feared	DDT	and	other	toxins	were	killing	ever	more	children	and	adults	from
leukemia,	although	US	death	rates	 from	the	disease	were	declining	from	1960.
Even	the	United	Nations	claimed	that	DDT	and	other	toxins	were	causing	more
than	half	of	all	cancers,	although	the	correct	number	was	probably	lower	than	2
percent.9

The	resulting	nationwide	fear	 led	 to	a	 large	federal	 focus	on	reducing	 toxin
risks.	The	total	cost	of	regulating	toxins	ran	to	more	than	$200	billion	per	year
by	 the	mid-1990s.	But	 these	 policies	 had	 a	 very	 poor	 return	 on	 investment.	A
research	team	from	Harvard	University	evaluated	the	regulations	and	found	that
the	majority	of	them	were	very	inefficient.	Benzene	emission	controls	at	rubber
tire	manufacturing	 plants,	 for	 instance,	 cost	 $100	million	 per	 year,	 but	 would
save	a	life	only	once	every	four	thousand	years.10

The	Harvard	 research	 team	 compared	 toxin	 controls	with	 other	 regulations
saving	lives	through	injury	control	programs	(such	as	flammability	standards	for
upholstered	furniture)	and	medical	programs	(such	as	cervical	cancer	screening).

Across	185	life-saving	regulations	with	sufficient	data,	 the	 total	annual	cost
to	America	was	$21	billion	and	the	regulations	saved	sixty	thousand	lives	each
year.	However,	 if	 the	 focus	had	been	on	 the	most	effective	 regulations—much
less	 on	 toxin	 controls,	 more	 on	 injury	 control,	 and	 much	 more	 on	 medical
programs—the	 same	 total	 cost	 of	 $21	 billion	 could	 have	 saved	 one	 hundred
twenty	 thousand	 people	 each	 year.	 Put	 bluntly,	 the	 outsized	 toxin	 fear	 of	 the
1960s	and	1970s	ended	up	committing	at	 least	sixty	thousand	annual	statistical
murders;	 that	 is,	 lives	 lost	 that	 could	 have	 been	 saved	 had	 public	 policy	 been
focused	on	implementing	the	most	effective	regulations	first.11

We	 need	 to	 stop	 repeating	 history.	 Today’s	 climate	 change	 movement
explicitly	 calls	 for	 the	 largest	 mobilization	 of	 resources	 in	 history,	 and	 for
putting	humanity	on	a	“war	footing”	to	combat	rising	temperatures.	Rather	than
making	 fear-based,	 knee-jerk	 policy	 decisions,	 we	 need	 to	make	 sure	 that	 we
respond	effectively	and	efficiently.



WE	HAVE	ALREADY	discussed	many	of	the	factors	leading	to	simplification
and	scaremongering	in	the	climate	debate.	Researchers	find	it	simpler	to	ignore
complex	aspects	like	humanity’s	adaptive	ability	when	they	study	the	effects	of
climate	 change.	 The	 media	 moves	 swiftly	 and	 likes	 to	 tell	 a	 simple,	 clear,
terrifying	narrative.	Politicians	gain	votes	when	they	present	themselves	standing
with	voters	against	an	external	threat.	Everyone	wins.

This	 alignment	 of	 interests	 has	 led	 us	 to	 bad	 choices	 in	 the	 past.	 You’ve
probably	 heard	 of	 the	 “military-industrial	 complex,”	 a	 phrase	 coined	 by
President	 Eisenhower	 in	 1961	 to	 warn	 against	 the	 undue	 influence	 of	 an
immense	 military	 establishment	 and	 arms	 industry	 creeping	 into	 “every	 city,
every	State	house,	every	office	of	the	Federal	government.”12

The	military-industrial	complex	arose	during	the	Cold	War	as	a	response	to
the	perceived	 threat	of	Soviet	 strength.	 In	 the	1950s,	 the	conventional	wisdom
was	that	the	Soviet	Union	was	experiencing	incredibly	fast	economic	growth	and
was	 about	 to	 eclipse	 the	 United	 States.	 The	 threat	 was	 used	 as	 a	 powerful
argument	for	much	more	defense	spending.

Statistics	on	Soviet	growth	turned	out	to	be	dramatically	exaggerated.	Yet,	at
the	 time	 it	 was	 hard	 to	 stand	 up	 and	 say,	 “Maybe	 we	 should	 spend	more	 on
health	and	education	instead?”	without	being	labeled	a	communist	sympathizer.
And	so	 the	military	grew	and	grew,	along	with	 the	 industries	 that	 supported	 it
and	 the	 universities	 that	 provided	 military-related	 research.	 Multiple	 forces
conjoined	to	create	a	national	panic.	Children	performed	air	raid	drills	in	school,
people	built	bunkers	in	their	backyards.13

The	costs	of	the	panic	were	immense,	not	just	in	actual	resources	spent,	but
also	 in	 the	 amount	 of	 forgone	 opportunity	 to	 invest	 elsewhere.	 What	 if	 the
money	 poured	 into	 America’s	 massive	 military	 had	 gone	 instead	 to	 cancer
research?	 To	 education?	 To	 prenatal	 care	 for	 poor	 mothers?	 To	 rebuilding
infrastructure?	What	would	America,	indeed	the	world,	look	like	now	had	it	not
been	for	this	false	alarm?

SOMETHING	 AKIN	 TO	 the	 military-industrial	 complex	 is	 emerging
surrounding	climate	change,	 though	some	of	 the	players	are	different	 this	 time
around.	Climate	change	needs	our	attention,	but	it	has	become	an	all-consuming
focus,	 in	 part	 because	 so	many	 people	 benefit	 from	 the	 panic.	 Politicians	 and
media	executives	benefit,	of	course,	but	so	does	big	business.

No	doubt,	many	CEOs	 are	genuinely	 concerned	 about	 global	warming,	 but
they	 also	 stand	 to	make	 a	 great	 deal	 of	money	 from	 carbon	 regulations.	 This



interest	 is	 particularly	 obvious	 in	 the	 energy	 sector.	 Go	 to	 any	 climate
conference	 and	 you’ll	 find	 wind	 energy	 manufacturers	 sponsoring	 media
segments	 on	 the	 “climate	 crisis”	 that	 increase	 support	 for	 policies	 that	 would
significantly	 add	 to	 their	 own	 earnings—while	 urging	 governments	 to	 invest
heavily	in	the	wind	market.

Even	 companies	 not	 heavily	 engaged	 in	 green	 energy	 stand	 to	 gain.	 Some
businesses	 blatantly	wrap	 themselves	 in	 a	 bright-green	mantle	 for	 the	 sake	 of
branding,	of	course.	But	others	stand	to	gain	in	ways	that	aren’t	always	clear	to
consumers.	 In	 the	 first	decades	of	European	climate	policy,	 for	 instance,	many
energy	 companies	made	billions	 of	 dollars	 in	 extra	 profits	 from	Europe’s	 cap-
and-trade	 system.	 The	European	Union	 intended	 for	 energy	 companies	 to	 buy
certificates	to	counteract	all	their	emissions,	and	the	businesses	would	then	pass
the	 cost	 on	 to	 consumers,	 thus	 creating	 a	 financial	 incentive	 for	 company	 and
consumer	alike	to	reduce	fossil	fuel	reliance.	However,	 it	 is	much	easier	 to	get
companies	 to	accept	 legislation	 if	 it	makes	 them	money	rather	 than	costs	 them
money.	So	in	practice,	European	governments	gave	most	of	the	certificates	to	the
companies	 free	 of	 charge,	 but	 the	 companies	 continued	 to	 charge	 their
consumers	 as	 if	 they	 had	 paid	 for	 them.	 In	 just	 the	 first	 eight	 years	 of	 EU
emissions	trading,	this	made	companies,	including	many	coal-fired	power	plants,
about	$80	billion	in	additional	profits.	US	energy	companies	had	high	hopes	that
they	 could	 benefit	 similarly	when	 the	United	 States	was	 considering	 cap-and-
trade	legislation	in	2009.	Energy	companies’	lobbying	costs	for	climate	change
action	more	than	tripled	to	over	$350	million	for	that	year.14

Enron	 pioneered	 the	 cozy	 corporate	 relationship	with	 politicians	 to	 support
climate	 change	 action.	 It	 bought	 up	 renewable	 energy	 companies	 and	 carbon-
credit-trading	outfits,	with	 the	expectation	 that	 they	would	gain	significantly	 in
value	from	climate	agreements.	When	the	Kyoto	Protocol	was	signed,	a	memo
written	within	Enron	stated:	“If	implemented,	[the	Kyoto	Protocol]	will	do	more
to	 promote	 Enron’s	 business	 than	 almost	 any	 other	 regulatory	 business.”	 The
moral	 of	 the	 story?	 Especially	 when	 a	 company	 is	 calling	 for	 more
environmental	 regulation,	 we	 need	 to	 look	 very	 carefully	 at	 what	 they	 might
stand	to	gain	from	it.15

Environmental	 campaigners	 also	 play	 a	 part	 in	 this	 story,	 sometimes
unwittingly,	 by	 helping	 to	 stoke	 fear.	 Enron	 boasted	 of	 their	 “excellent
credentials	with	many	‘green’	 interests”	 including	Greenpeace	and	 the	Climate
Action	 Network.	 This	 relationship	 boosts	 companies’	 bottom	 line,	 because
campaign	organizations	help	increase	public	willingness	to	pay	for	subsidies	and



other	handouts	to	fund	expensive	climate	policies,	through	visions	of	catastrophe
and	Armageddon.16

I	don’t	believe	that	there	is	some	kind	of	grand	conspiracy	to	promote	scare
stories	about	environmental	crisis.	 I	do	believe	 that	companies,	 the	media,	and
politicians	 benefit	 from	 those	 stories.	 This	 confluence	 of	 interests	 goes	 a	 long
way	to	explaining	why	the	conversation	surrounding	climate	change	has	become
so	detached	from	scientific	reality.

WHAT	IS	THE	POINT	of	climate	change	policy?	To	make	 the	world	a	better
place	for	all	of	us,	and	for	future	generations.	To	me,	that	suggests	that	we	need
to	 ask	 ourselves	 a	 broader	 question.	 If	 the	 goal	 is	 to	make	 the	world	 a	 better
place,	is	climate	change	policy	the	most	important	thing	to	focus	on?

Certainly,	 it	 is	 one	 thing	we	 should	 focus	on.	We	must	 rein	 in	 temperature
increases	 and	 help	 ensure	 that	 the	 most	 vulnerable	 can	 adapt.	 But	 today’s
popular	 climate	 change	 policies	 of	 rolling	 out	 solar	 panels	 and	 wind	 turbines
have	 insidious	effects:	 they	push	up	energy	costs,	 hurt	 the	poor,	 cut	 emissions
ineffectively,	 and	 put	 us	 on	 an	 unsustainable	 pathway	 where	 taxpayers	 are
eventually	likely	to	revolt.	Instead,	we	need	to	invest	in	innovation,	smart	carbon
taxes,	R&D	into	geoengineering,	and	adaptation.

But	we	also	need	 to	 recognize	 that	 reducing	global	warming	 is	only	one	of
many	things	we	can	do	to	make	the	world	a	better	place.

Making	 the	world	 richer	 is	 also	 important.	 If	we	end	up	on	a	pathway	 that
creates	 the	 highest	 possible	 welfare	 for	 the	 planet,	 we	 could	 leave	 the	 world
$500	trillion	better	off	each	and	every	year	by	the	end	of	the	century.	This	is	a
virtuous	goal	 in	and	of	 itself,	but	 it	will	also	help	address	climate	change.	The
richer	people	are,	the	more	resilient	they	will	be	in	the	face	of	global	warming.

To	make	the	world	richer,	we	must	invest	in	health	care,	in	education,	and	in
technology.	But	we	can’t	do	 it	 all.	Current	climate	policy	 is	 so	expensive,	and
will	drain	so	much	of	potential	future	gains	in	GDP,	that	it	will	leave	less	money
for	policies	that	will	enhance	prosperity.

Ultimately,	there	is	a	limited	amount	of	money	we	can	spend	on	making	the
world	a	better	place.	So	we	need	to	make	choices,	and	we	need	to	make	trade-
offs.	The	good	news	is	that	we	have	a	great	deal	of	data	indicating	what	the	best
investments	are.

The	United	States,	together	with	almost	all	other	countries	in	the	world,	has
adopted	 the	 so-called	Global	 Goals	 or	 Sustainable	Development	Goals.	 These
were	 set	 by	 the	 United	 Nations	 and	 list	 169	 targets	 encompassing	 everything



from	 reducing	 gender-based	 violence	 and	 poverty,	 to	 increasing	 nutrition	 and
broadband	access,	to	fixing	climate	change	and	poverty.

FIGURE	16.2	How	much	do	different	policies	help	the	world?	Each
policy	has	been	analyzed	by	economists	to	estimate	its	total	costs	and	total

benefits.	The	bars	on	the	right-hand	side	show	how	much	social,
economic,	and	environmental	benefits	one	extra	dollar	will	achieve—

longer	bars	are	better.17

My	 think	 tank,	 the	 Copenhagen	 Consensus,	 worked	 with	 fifty	 teams	 of
economists	and	several	Nobel	laureate	economists	to	analyze	these	development
investments	 and	 find	 which	 initiatives	 will	 achieve	 the	 greatest	 “return	 on
investment”	for	humanity	(see	figure	16.2).18

As	we	have	throughout	this	book,	we	can	think	about	these	policies	in	terms
of	costs	and	benefits.	Smart	climate	policies	give	a	good	return	on	 investment.
But	we	can	achieve	much	more	 for	humanity	with	 interventions	 in	areas	other
than	climate	policy.

Top	among	these	is	freer	trade.	Free	trade	has	recently	been	criticized	by	left-
and	 right-wing	 politicians	 because	 it	 hurts	 vulnerable	 communities	 like
manufacturing	 workers	 in	 “rust	 belts.”	 This	 misses	 the	 bigger	 picture.
Governments	 could	 spend	 billions	 more	 supporting	 the	 most	 vulnerable
communities	 that	 would	 be	 hurt	 by	 free	 trade	 deals,	 and	 benefits	 would	 still
vastly	outweigh	costs.	Globally,	freer	trade	could	unleash	an	amazing	$2,000	of
social	 benefits	 for	 every	 dollar	 spent.	Much	 of	 these	 benefits	would	 go	 to	 the
world’s	poorest,	who	would	have	 far	more	opportunities	 if	 they	could	become
part	of	 the	global	market.	Unfortunately,	 the	world	has	almost	given	up	on	 the



latest	 round	of	 trade	negotiations,	 called	 the	Doha	Development	Round,	 but	 if
we	were	to	successfully	conclude	such	a	global	treaty	on	freer	trade,	economists
estimate	 that	 it	 could	 by	 2030	 make	 the	 average	 person	 in	 the	 poor	 world	 a
thousand	dollars	richer	per	person	per	year.19

And	 remember,	 by	making	 people	 richer,	 especially	 in	 the	world’s	 poorest
countries,	 freer	 trade	would	 also	 lead	 to	 societies	 far	more	 resilient	 to	 climate
shocks,	more	capable	of	investing	in	adaptation,	and	far	less	vulnerable	to	rising
temperatures.	In	that	way,	free	trade	can	be	considered	a	smart	climate	policy	as
well	as	an	excellent	way	to	promote	human	thriving	generally.

Other	policies,	too,	would	be	incredibly	beneficial	for	the	world	and	help	us
address	 climate	 change	by	making	people	better	off,	 and	hence	more	 resilient.
Avoiding	malnutrition	 in	 the	 first	 two	years	of	 a	 child’s	 life	 costs	 about	$100.
Because	 good	 nutrition	 helps	 develop	 the	 child’s	 brain,	 it	 leads	 to	 better
educational	 outcomes	 and	 phenomenally	 higher	 productivity	 in	 adulthood.
Indeed,	this	$100	spent	will	on	average	increase	each	child’s	lifetime	income	to
the	equivalent	of	 a	onetime	amount	of	$4,500,	 in	 today’s	dollars.	Every	dollar
spent	on	fighting	early	childhood	malnutrition	results	in	$45	of	social	good.	This
research	was	cited	when	governments	pledged	more	than	$4	billion	for	nutrition
investments,	but	much	more	is	still	needed.20

There	is	a	compelling	case,	too,	to	spend	more	resources	to	fight	the	world’s
leading	infectious	disease	killer,	tuberculosis.	This	disease	is	hugely	overlooked
by	philanthropists	and	governments.	It	mostly	kills	adults	in	their	prime,	leaving
children	without	parents.	For	about	$6	billion	annually,	we	could	save	nearly	1.6
million	people	from	dying	each	and	every	year.	Parents	could	continue	to	work,
and	 children	 would	 not	 be	 orphaned.	 When	 the	 Copenhagen	 Consensus
undertook	 an	 analysis	 for	 philanthropist	 Bill	 Gates,	 he	 concluded	 that	 his
investment	 in	 tuberculosis,	 immunization,	 polio,	 and	 malaria	 was	 the	 “best
investment	I’ve	ever	made.”21

Closing	 the	 contraception	 access	 gap	 would	 also	 be	 a	 transformational
achievement.	There	are	214	million	women	of	reproductive	age	in	poor	countries
who	want	 to	avoid	pregnancy,	but	do	not	have	access	 to	modern	contraceptive
methods.	Solving	 this	challenge	will	cost	 just	$3.6	billion	more	each	year	 than
what	is	spent	today.	That	will	immediately	save	lives,	avoiding	150,000	mothers
dying	 in	 childbirth	 each	year,	 because	of	 fewer	 pregnancies.	Better	 spacing	of
children	 from	 family	planning	 also	 allows	parents	 to	 assign	more	 resources	 of
money,	time,	and	emotional	energy	to	each	child.	This	parental	investment	will
make	children	more	productive	as	adults.	As	 there	will	also	be	 fewer	adults	 in



any	 age	 group,	 each	 child	 will	 eventually	 also	 be	 able	 to	 use	 more	 capital
resources,	 and	 entire	 societies	 will	 become	 more	 productive,	 with	 greater
economic	 growth.	 Each	 dollar	 spent	 on	 contraception	 and	 family	 planning
education	 will	 generate	 $120	 of	 social	 benefits	 across	 the	 most	 vulnerable
societies.	 This	 research	 recently	 helped	 convince	 the	 British	 government	 to
pledge	£600	million	($761	million)	to	provide	20	million	more	women	and	girls
in	the	developing	world	with	access	to	family	planning.	While	great,	this	is	only
a	drop	in	the	ocean	of	what	is	needed.22

What	do	all	these	investments	have	in	common,	other	than	being	compelling?
The	fact	 that	 they	are	underfunded.	We	could	go	far	 further	 in	solving	each	of
these	 challenges	 if	 we	 could	 allocate	 more	 resources.	 Remember	 that
approximately	one-fourth	of	aid	today	is	diverted	to	climate	aid	projects.	Indeed,
the	 amount	 spent	 on	 climate	 aid	 today	 could	 fund	 all	 these	 interventions	 in
contraception,	 tuberculosis,	malaria,	 immunization,	 and	 nutrition—with	money
to	spare.	The	money	spent	on	climate	aid	is	money	we	cannot	spend	twice.	Many
people	deeply	committed	to	addressing	climate	change	also	believe	in	expanding
women’s	access	to	contraception,	in	reducing	poverty,	and	in	eliminating	disease
in	the	poorest	parts	of	the	world.	But	too	often,	they	forget	that	there	are	trade-
offs.

WE	DEFINITELY	NEED	 to	address	global	warming—it’s	a	 real	problem	and
we	need	to	put	policies	in	place	both	to	limit	its	extent	and	to	enable	the	world	to
best	manage	its	impact.

But	 if	we	 truly	want	 to	make	 the	world	 a	 better	 place,	we	have	 to	be	very
careful	that	our	preoccupation	with	climate	change	doesn’t	distract	us	from	other
crucial	problems.	We	can	improve	the	human	condition	far	more	by	opening	the
world	 to	 free	 trade,	 ending	 tuberculosis,	 and	 ensuring	 access	 to	 nutrition,
contraception,	health,	education,	and	technology.

Fixating	 on	 scary	 stories	 about	 climate	 change	 leads	 us	 to	 make	 poor
decisions.	As	individuals,	we	feel	compelled	to	transform	our	lives,	in	ways	both
minor	(not	eating	meat)	and	major	(foregoing	parenthood).	As	societies,	we	are
making	 treaties	 that	 promise	 to	 squander	 hundreds	 of	 trillions	 of	 dollars	 on
incredibly	inefficient	carbon-cutting	policies.

Overspending	 on	 bad	 climate	 policies	 doesn’t	 just	 waste	 money.	 It	 means
underspending	 on	 effective	 climate	 policies	 and	 underspending	 on	 the
opportunities	we	have	 to	 improve	 life	 for	 billions	 of	 people,	 now	and	 into	 the
future.	That’s	not	just	inefficient.	It’s	morally	wrong.



Over	the	past	century,	the	world	has	become	a	better	place,	thanks	to	human
ingenuity	and	 innovation.	Our	choice	now	is	whether	we	want	 to	allow	fear	 to
drive	our	choices,	or	if	we	want	to	use	our	ingenuity	and	innovation	to	make	sure
that	we	leave	future	generations	the	best	world	possible.
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INTRODUCTION
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and	starvation”:	Climate	Feedback,	2019b.
3.	In	2017,	journalist:	Wallace-Wells,	2017;	Although	the	article:	Climate

Feedback,	2017,	and	Wallace-Wells,	2019a;	It	could	finish:	McKibben,	2019b.
Field	 Notes	 from:	 Kolbert,	 2006;	 Storms	 of	My:	 Hansen,	 2011b;	The	 Great
Derangement:	Ghosh,	2017;	This	Is	the:	Nesbit,	2019.
4.	 “across	 the	 globe…”:	 Oreskes,	 2015;	 Be	 worried:	 Time,	 2006;	 The

British	newspaper:	Guardian,	 2016;	“sounds	rather	passive…”:	Carrington,
2019.
5.	 In	 the	 United	 Kingdom:	 Dahlgreen,	 2016;	 In	 the	 United	 States:	 M.

Smith,	2019.
6.	“I	know	that…”:	Astor,	2018;	“How	Do	You…”:	Ostrander,	2016.
7.	A	 2019	Washington	 Post:	 Kaplan	 and	Guskin,	 2019;	A	 2012	 academic

study:	Strife,	2012.
8.	Recently,	a	Danish:	Henriksen,	2019;	Parenting	in	a:	Berrigan,	2019;	On

Having	Kids:	Braverman,	2019.
9.	The	 Skeptical	 Environmentalist:	 Lomborg,	 2001;	Scientists	 agree	 that:

Indeed,	the	total	impact	estimates	of	climate	change,	the	so-called	social	cost	of
carbon,	 has	 been	 declining,	 not	 increasing	 from	 1996	 till	 today,	 suggesting
damages	are	expected	to	be	lower,	not	higher	(Tol,	2018,	14).
10.	 Climate	 change	 is:	 I’ll	 use	 climate	 change	 and	 global	 warming

interchangeably	 in	 this	book,	although	climate	change	has	a	somewhat	broader
meaning;	“We	risk	turning…”:	J.	Smith,	2019.
11.	This	is	what:	J.	Watts,	2018.
12.	 In	 the	 United	 States:	 National	 Safety	 Council,	 2019;	 If	 politicians



asked:	 Remarkably,	 the	 world’s	 first	 traffic	 death	 occurred	 at	 four	 miles	 per
hour,	so	better	set	this	limit	at	three	miles	per	hour	(Guinness	2019).
13.	 In	 1900,	 the:	 Roser,	 2019a;	 The	 world	 is:	 Roser	 and	 Ortiz-Ospina,

2019b,	 Ortiz-Ospina	 and	 Roser,	 2019;	 Roser,	 2019b;	Between	 1990	 and:	 H.
Ritchie	and	Roser,	2019b.	In	1990,	pollution:	 Institute	 for	Health	Metrics	and
Evaluation,	 2019;	Higher	 agricultural	 yields:	 Ewers,	 2006;	And	 since	 1990:
World	Health	Organization,	UNICEF,	 and	WHO/UNICEF	 Joint	Water	Supply
and	Sanitation	Monitoring	Programme,	2015,	7f.
14.	Over	the	past:	World	Bank,	2019c;	Today,	it	is:	Roser	and	Ortiz-Ospina,

2019a.
15.	 Researchers	 working	 for:	 According	 to	 the	 UN’s	 middle-of-the-road

scenario,	 which	 we	 will	 discuss	 later	 (IIASA,	 2018);	 Life	 expectancy	 will:
United	Nations,	2019b;	Lutz,	Butz,	and	KC,	2014,	247.
16.	The	best	current:	W.	Nordhaus,	2018.
17.	For	most	economic:	IPCC,	2014c,	662.
18.	 Evidence	 shows	 that:	 This	 is	 a	 severe	 underestimate.	 Just	 global

subsidies	to	renewables	will	reach	$176	billion	in	2020	(IEA,	2018,	256)	and	the
EU	 climate	 policy	will	 cost	 on	 average	 1–2.2	 percent	 of	GDP,	 or	 $192–$408
billion	per	year	in	2020	(Bohringer,	Rutherford,	and	Tol,	2009).
19.	With	194	signatories:	Lomborg,	2020.
20.	However,	it	turns:	Lomborg,	2020.
21.	Across	the	world:	Kotchen,	Turk,	and	Leiserowitz,	2017;	Jenkins,	2014;

Duan,	Yan-Li,	and	Yan,	2014;	A	2019	Washington	Post:	Dennis,	Mufson,	and
Clement,	2019.
22.	In	the	rich	world:	IEA,	2017;	For	instance,	energy:	Belfast	Telegraph,

2014;	In	fact,	financial:	Borenstein	and	Davis,	2015.
23.	Not	surprisingly,	a:	Campagnolo	and	Davide,	2019.
24.	the	first	tons:	Here	and	everywhere	I	use	“ton”	as	a	metric	ton,	or	2,205

pounds.
25.	Yet,	the	extra:	All	of	these	numbers	are	explained	in	later	chapters.
26.	 Top	 climate	 economists:	 See,	 for	 example,	 the	 case	 made	 by	 top

economists,	 including	 three	Nobel	 laureates,	on	 the	basis	of	 a	 large	number	of
research	articles	from	climate	economists	in	the	edited	work	(Lomborg,	2010).
27.	The	models	show:	Galiana	and	Sopinka,	2015.
28.	While	 everyone	 in:	 From	 0.06	 percent	 of	 GDP	 around	 1980	 to	 0.024

percent	in	2017	(IEA,	2019c).
29.	A	UN	global:	United	Nations,	2019a.



30.	United	Nations,	2019a.
31.	It	is	instead:	T.	Nordhaus	and	Trembath,	2019.



CHAPTER	1.	WHY	DO	WE	GET	CLIMATE	CHANGE	SO	WRONG?

1.	instead,	we	read:	Bowden,	2019.
2.	The	actual	 2019	 study:	 Spratt	 and	Dunlop,	 2019;	The	 report	presents:

Spratt	and	Dunlop,	2019,	9;	As	one	climate	scientist:	Climate	Feedback,	2019a.
3.	 USA	 Today:	 E.	 Weise,	 2019;	 CBS	 News:	 Pascus,	 2019;	 CNN:

Hollingsworth,	2019.
4.	Take	the	June:	Time,	2019.
5.	But	it	would:	Kench,	Ford,	and	Owen,	2018.
6.	The	main	Tarawa:	Biribo	and	Woodroffe,	2013;	Similarly,	the	Marshall

Islands:	M.	R.	Ford	and	Kench,	2015.
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set	up,	you	cannot	generate	a	map	for	2020,	but	only	for	2030.	So,	the	difference
is	really	between	the	lowest	emission	scenario	for	2030	and	the	highest	emission
scenario	for	2050.
10.	 “Climate	 change	 is…”:	 McKibben,	 2019a;	 Climate	 scientist	 Peter

Kalmus:	Kalmus,	2019.
11.	And	it	is	almost:	Lomborg,	2019.	The	picture	to	the	left	is	the	one	shown

in	Lu	and	Flavelle,	2019.	The	picture	to	the	right	is	based	on	Kulp	and	Strauss,
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flooding	 impact	without	 adaptation	 (when	no	nation	 increases	 its	 dike	heights,
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in	 extra	 adaptation	 (or	 $134	 billion	 per	 year);	 or	 at	 most,	 0.013	 percent	 of	 a
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CHAPTER	2.	MEASURING	THE	FUTURE
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CHAPTER	3.	A	FULLER	STORY	ON	CLIMATE	CHANGE
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from	 1997,	 2001,	 2005,	 and	 2009,	 along	 with	 an	 updated	 estimate	 for	 2016,
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18.	 Using	 the	 high	 RCP8.5	 emission	 scenario:	 V.	 K.	 Arora	 and	 Scinocca,

2016;	V.	K.	Arora	and	Boer,	2014.	Vegetation	in	1500	from	Hurtt	et	al.,	2011.
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22.	They	argue	that:	For	instance,	Bernie	Sanders	has	made	this	point	(Qiu,

2015).
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2007;	The	reason	why:	We	should	be	cautious;	rising	temperatures	don’t	mean
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CHAPTER	4.	EXTREME	WEATHER	OR	EXTREME	EXAGGERATION?
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2.	Part	of	the	problem:	Gramlich,	2019;	Gallup,	2019.
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al.,	2018;	The	evidence	also:	Donat	et	al.,	2013,	2112.
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possible…”:	U.S.	Global	Change	Research	Program	et	al.,	2017,	ch.	8.1.3.
10.	In	fact,	in:	He	et	al.,	2017.
11.	Leonardo	DiCaprio’s	2016:	Dickinson,	2019;	Flavelle,	2019.
12.	 “a	 lack	 of	 evidence…”:	 IPCC,	 2013a,	 112,	 214;	 The	 US	 Global:

USGCRP,	2017,	240.	The	IPCC	1.5°C	report	finds	that	“streamflow	trends	since
1950	 are	 not	 statistically	 significant	 in	most	 of	 the	world’s	 largest	 rivers”	 and
that	more	streamflows	are	decreasing	than	increasing	(IPCC	2018,	201).
13.	“have	not	established…”:	USGCRP,	2017,	231.
14.	In	the	future:	IPCC,	2018,	203;	“trends	in	floods…”:	IPCC,	2013a,	214.
15.	 US	 government	 scientists:	 USGCRP,	 2017,	 231;	 “contribute	 to

increases…”:	 USGCRP,	 2017,	 242;	 2018,	 146;	 “flood	 magnitudes…”:	 A.
Sharma,	Wasko	and	Lettenmaier,	2018.
16.	It	is	true:	Lomborg,	2020;	But	the	number:	Census	2011;	2018a;	Since

1970	alone:	Klotzbach	et	al.,	2018,	1371;	BEA,	2019;	Census	2018b.
17.	Lomborg,	2020.
18.	Every	summer	 in:	“Many	consider	wildfire	as	an	accelerating	problem,

with	 widely	 held	 perceptions	 both	 in	 the	 media	 and	 scientific	 papers	 of



increasing	 fire	 occurrence,	 severity,	 and	 resulting	 losses.	 However,	 important
exceptions	 aside,	 the	 quantitative	 evidence	 available	 does	 not	 support	 these
perceived	overall	trends”	(Doerr	and	Santín	2016).
19.	The	examination	of:	Marlon	et	al.,	2008;	To	a	large:	NAS,	2017,	13.
20.	There	is	plenty:	Vivek	K.	Arora	and	Melton,	2018;	F.	Li,	Lawrence,	and

Bond-Lamberty	 2018;	 J.	 Yang	 et	 al.,	 2014;	 Andela	 et	 al.,	 2017;	 And	 the
primary:	Knorr	et	al.,	2014;	In	total,	the:	J.	Yang	et	al.,	2014.	1.4	million	km²,
from	 almost	 5	million	 km²	 in	 the	 1900s	 to	 just	 above	 3.5	million	 km²	 in	 the
2000s.
21.	Overall,	that	has:	D.	S.	Ward	et	al.,	2018,	135.
22.	Annual	 data	 from	Census	 1975,	L48–55,	 and	NIFC,	 2019;	 decadal	 data

from	Mouillot	and	Field,	2005,	404–5.	R.	V.	Reynolds	and	Pierson,	1941,	table
4,	 indicates	 that	 fire	 annually	 consumed	 even	 more	 of	 the	 US	 forests	 in	 the
nineteenth	century;	see	also	Marlon	et	al.,	2012.
23.	“incidence	of	large…”:	USGCRP,	2018,	231.
24.	In	contrast,	climate-related:	Syphard	et	al.,	2017.
25.	Indeed,	when	we:	Strader,	2018,	557;	Moreover,	this	growth:	Mann	et

al.,	2014,	447.
26.	When	the	damage:	Crompton	et	al.,	2010;	McAneney	et	al.,	2019.
27.	Compared	to	the:	Using	RCP8.5	and	changes	in	managed	lands	(Kloster

and	Lasslop,	2017,	64).
28.	For	high-risk	California:	Bryant	and	Westerling,	2014,	figure	2.
29.	Hurricanes,	scientifically	known:	According	to	global	reinsurer	Munich

Re	(Weinkle	et	al.,	2018).
30.	 “no	 significant…”:	 “Current	 data	 sets	 indicate	 no	 significant	 observed

trends	in	global	tropical	cyclone	frequency	over	the	past	century”	(IPCC	2013a,
216);	They	 do	 find:	 IPCC,	 2013a,	 50,	 7,	 113;	They	 specifically	 say:	 IPCC,
2013a,	871.
31.	This	 finding	 is:	USGCRP,	2017,	259,	258;	Climate	scientists	at:	They

tellingly	conclude:	“The	historical	Atlantic	hurricane	frequency	record	does	not
provide	 compelling	 evidence	 for	 a	 substantial	 greenhouse	 warming-induced
long-term	increase.”	GFDL/NASA	2019.
32.	This	is	true:	Klotzbach	et	al.,	2018.
33.	 Inflation	 adjusted	 with	 CPI,	 2019.	 Downton,	 Miller,	 and	 Pielke,	 2005;

Klotzbach	 et	 al.,	 2018;	 R.	 A.	 Pielke	 and	 Landsea,	 1998,	 199;	Weinkle	 et	 al.,
2018,	with	2018–2019	from	personal	communication	with	Pielke.	Dashed	lines
are	linear	best	fit.



34.	The	coastal	population:	Data	1900–2010	from	Census	1992,	2010,	2012;
and	2020	data	for	the	United	States	from	the	2017	population	prediction,	Census
2017.
35.	From	Texas	to:	Freeman	and	Ashley,	2017.
36.	And	this	isn’t:	McAneney	et	al.,	2019;	W.	Chen	et	al.,	2018.
37.	But	as	the:	Gettelman	et	al.,	2018.
38.	Hurricane	Dorian,	which:	D.	Smith,	2019.
39.	 Currently,	 according	 to:	 Mendelsohn	 et	 al.,	 2012;	 updated	 with

essentially	same	finding	in	Bakkensen	and	Mendelsohn,	2016.
40.	The	world’s	best:	EM-DAT,	2020.
41.	 Data	 comes	 from	 EM-DAT,	 2020,	 using	 floods,	 droughts,	 storms,

wildfire,	 and	 extreme	 temperatures	 for	 climate-related	 deaths:	 average	 per
decade	1920–29,	1930–39,	up	to	2010–19.
42.	“More	billion-dollar…”:	Brady	and	Mooney,	2019.
43.	And	yes,	the:	NCEI,	2019.
44.	Costs	from	1990	to	2017	from	Munich	Re	in	R.	Pielke,	2019;	2018	costs

from	Munich	Re,	2019;	2019	costs	from	Munich	Re,	2020,	with	personal	e-mail
from	Petra	Löw,	Munich	Re,	on	distribution	of	geophysical	costs.	Global	GDP
from	World	Bank,	2019e,	using	World	Bank	Global	Economic	Prospects	GDP
from	 January	 2020	 to	 estimate	 global	 GDP	 for	 2018	 and	 2019.	 Linear	 best
estimate;	decline	is	not	statistically	significant.
45.	If	we	adjust:	Zagorsky,	2017.
46.	It	finds	that:	Formetta	and	Feyen,	2019.
47.	For	the	United	States:	AonBenfield,	2019,	40;	$39.6B	out	of	a	GDP	of

$20491bn;	 Floods	 have	 cost:	 Arcadia	 Power,	 2014;	 Both	 nationally	 for:
Formetta	and	Feyen,	2019.



CHAPTER	5.	WHAT	IS	GLOBAL	WARMING	GOING	TO	COST	US?

1.	He	wrote	one:	W.	Nordhaus,	1991.	There	is	an	even	earlier	working	paper
from	1975,	W.	Nordhaus,	1975,	republished	after	his	Nobel	Prize:	W.	Nordhaus,
2019b.
2.	Nordhaus	and	Moffat,	2017.	This	is	an	update	of	the	UN’s	overview	(IPCC

2014a,	690,	SM10-4).	Size	of	circles	shows	the	weight	of	the	individual	studies
(larger	circles	 for	 latest	 estimates,	using	 independent	and	appropriate	methods;
smaller	 circles	 for	 earlier	 estimates,	 secondhand	 studies,	 or	 less	 appropriate
methods).	The	black	line	is	Nordhaus’s	best	estimate,	based	on	median	quadratic
weighted	regression.
3.	Right	now,	the:	About	1°C,	or	1.8°F,	since	the	preindustrial	period	(IPCC

2018,	51).
4.	Indeed,	many	impacts:	Although	even	lower	impacts	can	still	mean	some

cost,	because	the	impacts	without	global	warming	would	have	diminished	even
faster.
5.	Globally,	the	value:	Federico,	2005,	233;	FAO,	2019.
6.	“Climate	Change	Threatens…”:	 EEA,	 2019;	“Climate	Change	Could

Lead	to	Food…”:	B.	Johnson,	2019;	“Climate	Change	Is	Coming…”:	Smyth,
2019;	 “Climate	 Change	 Could	 Lead	 to	Major…”:	 Gustin,	 2018;	 “Climate
Change	Is	Likely…”:	Little,	2019.
7.	By	2080,	in:	Conforti,	2011,	114;	The	FAO	expects:	Conforti,	2011,	114.

Cereal	 production	 in	2020	 is	 2,668	Mt	 (p.	 100);	 in	 the	2080s	 about	3,837	Mt;
reduction	 of	 2.1–2.2	 percent	 is	 76	 Mt	 less,	 or	 3,761	 Mt	 in	 the	 2080s,	 or	 41
percent	higher.
8.	But	this	is:	Ren	et	al.,	2018.
9.	At	 the	same	 time:	King	et	al.,	2018;	One	study	shows:	Challinor	et	 al.,

2014.
10.	The	biggest	study:	Costinot,	Donaldson,	and	Smith,	2016.
11.	The	 full	 study:	 Costinot,	 Donaldson,	 and	 Smith,	 2016.	 Another	 study

finds	total	costs	of	0.29	percent	(Calzadilla	et	al.,	2013).	The	cost	of	0.26	percent
is	 also	 the	 conclusion	 of	 the	 recent	 review	 of	 the	 climate	 cost	 on	 agriculture
(Carter	et	 al.	2018);	And	actually,	 this:	This	 is	an	average	cost	 for	 the	globe.
Poor,	tropical	countries	will	do	worse	and	industrialized,	cold	countries	will	do
better.	We’ll	discuss	this	general	issue	in	chapter	10.
12.	In	the	United	States:	Weiss,	1992;	Today,	 it	employs:	US	Department

of	Agriculture	Economic	Research	Service,	2019.



13.	In	1991,	more:	World	Bank,	2019a;	World	Bank,	2019b.
14.	W.	Nordhaus	and	Sztorc,	2013,	11.
15.	While	this	addition:	W.	Nordhaus	and	Sztorc,	2013,	11.
16.	However,	 the	 UN:	 W.	 Nordhaus,	 2019a;	 IPCC,	 2013a,	 1170;	That	 is

why:	W.	Nordhaus,	2019a.
17.	The	basic	problem:	Seawater	is	slightly	basic,	so	“acidification”	actually

means	water	becomes	more	neutral,	rather	than	actually	becoming	acidic.
18.	Economists	have	tried:	Colt	and	Knapp,	2016.
19.	This	report	estimates:	IPCC,	2018,	256.
20.	Yet,	when	you:	One	good	example	is	a	recent	comment	in	the	New	York

Times	(Oreskes	and	Stern	2019)	based	on	a	pamphlet	that	quoted	the	187	million
people	 being	 displaced	 from	 sea	 level	 rise	 as	 a	 prime	 example.	As	we	 saw	 in
chapter	1,	 this	number	is	about	six	hundred	times	higher	than	the	actual,	 likely
displacement.



CHAPTER	6.	YOU	CAN’T	FIX	CLIMATE	CHANGE

1.	Carbon	 intensity	 is:	 Estimating	 the	 global	 carbon	 intensity,	 1966–2017,
from	IEA,	2019d,	using	total	primary	energy	supply	for	all	energy.
2.	 Since	 1992,	 humanity:	 Using	 data	 from	 H.	 Ritchie	 and	 Roser,	 2019a;

Global	Carbon	Project,	2019a.
3.	In	a	surprisingly:	UNEP,	2019.
4.	“must	play	their	part”:	UNFCCC,	2018a.
5.	Asked	what	personal:	BA,	2006;	But	if	he:	1.5	w/hr,	12hrs	a	day	=	12	*

0.0015	*	365	=	6.2kWh	at	0.527	kg/kWh	(Carbon	Independent,	2019)	or	3.16kg
CO2e,	 or	 0.05%	=	3.16/7830kg	 (World	Resources	 Institute,	 2019b);	Charging
makes	up:	Moss	and	Kincer,	2018.
6.	It	is	just:	Narassimhan	et	al.,	2018.
7.	“Don’t	be	distracted…”:	MacKay,	2010,	114.
8.	 In	 one	 2018	 study:	 Bjelle,	 Steen-Olsen,	 and	 Wood,	 2018,	 using	 the

marginal	estimate.
9.	Generally,	when	 researchers:	 All	 examples	 are	 based	 on	Bjelle,	 Steen-

Olsen,	and	Wood,	2018.
10.	If	you’re	making:	Fishbach	and	Dhar,	2005;	One	study	of:	Dütschke	et

al.,	2018.
11.	What	was	most:	Rowlatt,	2007.	His	entire	family	carbon	dioxide	savings

was	 7.3	 tons,	 whereas	 the	 whole	 family	 going	 to	 Buenos	 Aires	 on	 economy
would	emit	about	18.5	tons	of	carbon	dioxide.
12.	“How	about	restaurants…”:	Fagerlund,	2018.
13.	That’s	especially	true:	Humane	Research	Council,	2014.
14.	Most	are	vegetarians:	Leahy,	Lyons,	and	Tol,	2010.
15.	 Many	 credulous	 news:	 Martinko,	 2014;	 This	 level	 of	 reduction:

Hallström,	Carlsson-Kanyama,	and	Börjesson,	2015.
16.	And	food-related:	Sandström	et	al.,	2018,
17.	A	 thorough,	 systematic:	Hallström,	Carlsson-Kanyama,	 and	Börjesson,

2015,	table	1;	For	the	average:	Average	carbon	dioxide	emissions	per	capita	for
Annex	I	is	12.44	tons	(World	Resources	Institute,	2019a),	so	4.3%=0.54/12.44.
18.	But	there’s	more:	The	literature	used	to	advance	the	case	for	cutting	out

meat	 clearly	 says:	 “When	 evaluating	 the	 environmental	 consequences	 of
vegetarianism	 the	 rebound	 effect	 of	 the	 savings	 should	 be	 taken	 into	 account”
(Lusk	 and	Norwood,	 2016);	Vegetarian	 diets	 are:	 Lusk	 and	Norwood,	 2016;
Grabs,	2015;	Berners-Lee	et	al.,	2012;	Spending	that	extra:	Grabs,	2015.



19.	You	 could	 achieve:	 Saving	 540	 kg	 carbon	 dioxide,	 and	 losing	 half	 on
rebound,	at	$6	per	ton	as	of	November	2019	(ICAP,	2019).
20.	Artificial	meat	generates:	Oxford	University,	2011.
21.	The	International	Energy:	IEA,	2019b,	21.
22.	So,	switching	from:	IEA,	2019b,	21.
23.	This	 is	estimated	by	the	European	Union	(EU,	2019,	 table	69,	136).	The

climate	 cost	 of	 2.1¢	 is	 exaggerated.	The	EU	uses	 a	 $110	 carbon	 dioxide	 cost,
which	 is	 much	 higher	 than	 its	 own	 trading	 system	 at	 $33.	 Using	 the	 cost	 of
actual	emissions	in	2020,	estimated	as	the	average	cost	across	all	five	SSPs	and
nine	major	damage	functions,	at	$20	(P.	Yang	et	al.,	2018)	gives	a	more	realistic
climate	 damage	 of	 0.4¢.	 Not	 shown	 are	 the	 damage	 costs	 from	 gasoline
production	 and	 transport	 from	 well	 to	 tank	 at	 0.7¢,	 and	 the	 cost	 of	 habitat
destruction	at	0.9¢.
24.	If	you	have:	Tessum,	Hill,	and	Marshall,	2014;	L.	W.	Davis	and	Sallee,

2019;	 see	 also
https://www.facebook.com/bjornlomborg/posts/10153019443493968:0.	 Even
the	 electric	 car	 itself	 emits	 about	 as	much	 of	 the	most	 dangerous	 air-pollution
particulate	matter	 (PM)	as	gasoline	cars	 (Timmers	and	Achten,	2016).	Electric
cars	 emit	 no	 PM	 from	 combustion,	 but	 because	 they	 are	 typically	 24	 percent
heavier	they	emit	more	PM	from	tires.
25.	 It	 is	 estimated:	 Ji	 et	 al.,	 2012.	 The	 extra	 pollution	 for	 the	 electric	 cars

comes	from	coal-fired	power	plants	outside	the	city.
26.	The	average	subsidy:	Six	hundred	fifty-five	 thousand	electric	cars	have

cost	$2	billion	in	infrastructure	and	$5	billion	in	subsidies,	which	is	a	little	over
$10,000	per	car	(IEA	2015).
27.	The	 International	Energy:	 IEA,	2019b,	 120;	Even	 if	we:	 IEA,	2019b,

143,	estimates	a	global	reduction	by	2030	of	220	Mt	carbon	dioxide,	or	about	0.4
percent	of	2030	global	emissions.
28.	Because	of	the:	Baron,	2019.
29.	But	the	vast:	Gurdus,	2017;	In	India,	where:	Economist,	2009.
30.	Even	if	every:	Terrenoire	et	al.,	2019,	finds	the	total	impact	of	the	rapidly

increasing	 number	 of	 flights	 across	 the	 century	 to	 result	 in	 a	 temperature
increase	 by	 2100	 of	 0.1°C.	 However,	 this	 is	 missing	 the	 extra	 impacts	 from
contrails	and	aerosols.	This	is	estimated	in	Olivié	et	al.,	2012,	with	low	and	high
estimates	 of	 contrails	 and	 aerosols	 resulting	 in	 a	 total	 temperature	 increase	 by
2100	of	between	0.11°C	and	0.24°C.	The	paper	suggests	that	the	most	likely	real
outcome	 will	 be	 somewhere	 in	 between,	 here	 assessed	 with	 the	 midpoint	 of



0.174°C.	However,	most	of	the	temperature	increase	comes	from	the	many	more
people	who	will	 start	 flying	much	more	 throughout	 the	 century,	 resulting	 in	 a
more	 than	 fivefold	 increase	of	 total	 emissions	 from	2020	 to	2100.	Cumulative
carbon	 dioxide	 emissions	 from	 2020	 to	 2100	 is	 247	Gt	 carbon	 dioxide,	 using
Olivié	 et	 al.,	 2012,	 table	 3.	 If	we	 assume	 only	 the	 emissions	 from	 the	 current
level	of	passengers,	and	expecting	the	same	efficiency	gain	 throughout	 the	rest
of	 the	 century	 as	 is	 expected	 for	 all	 air	 travel,	 the	 total	 emissions	 from	 the
current	level	of	passengers	flown	every	year	for	the	rest	of	the	century	is	about
40	 Gt	 carbon	 dioxide.	 The	 share	 of	 the	 0.174°C	 temperature	 increase	 due	 to
existing	passengers	is	thus	0.029°C,	or	0.05°F.
31.	The	rebound	effect:	Bjelle,	Steen-Olsen,	and	Wood,	2018;	Sorry,	there

is:	Guardian,	2006.
32.	Over	the	next:	IATA,	2018.
33.	The	overall	carbon:	EASA,	EEA,	and	Eurocontrol,	2019.
34.	Billions	are	being:	See,	 for	example,	https://www.cleansky.eu;	And	the

International	Air:	Sullivan,	2018.
35.	“Want	 to	Fight…”:	Carrington,	2017;	“nearly	40	 times…”:	Galbraith,

2009.
36.	In	the	1970s:	Healey,	2016.
37.	The	problem	with:	See,	 for	example,	Murtaugh	and	Schlax,	2009;	The

most	cited:	Murtaugh	and	Schlax,	2009.
38.	Moreover,	official	expectations:	EIA,	2017b.
39.	And	yet	people:	And	if	you	still	want	 the	cost	 in	money,	 the	amount	of

raising	a	middle-class	US	child	to	the	age	of	seventeen	is	estimated	at	$233,610
(Lino	 2017),	 dwarfing	 the	 $8,100	 climate	 impact.	 And	 clearly,	 the	 value	 of
having	a	child	is	worth	far	more	to	parents	than	this	monetary	cost.



CHAPTER	7.	WHY	THE	GREEN	REVOLUTION	ISN’T	HERE	YET

1.	“now	economic	or…”:	Lovins,	1976,	83;	Governments	around	the:	IEA,
2018,	256,	used	for	solar	PV	and	wind.
2.	Ending	 our	 reliance:	We	will	 see	 the	 costs	 of	 smart	 climate	 policies	 in

chapter	11.	The	undiscounted	costs	from	2015	to	2050	of	eliminating	fossil	fuels
is	close	to	$400	trillion	in	lost	GDP	using	Nordhaus’s	DICE	model.
3.	 This	 is	 almost:	 Smil,	 2014;	 “Suggesting	 that…”:	 Hansen,	 2011a.	 He

restated	 this	 point	 in	 2018	 in	 the	 Boston	 Globe:	 “The	 notion	 that	 renewable
energies	 and	 batteries	 alone	will	 provide	 all	 needed	 energy	 is	 fantastical.	 It	 is
also	 a	 grotesque	 idea,	 because	 of	 the	 staggering	 environmental	 pollution	 from
mining	 and	 material	 disposal,	 if	 all	 energy	 was	 derived	 from	 renewables	 and
batteries.	 Worse,	 tricking	 the	 public	 to	 accept	 the	 fantasy	 of	 100	 percent
renewables	means	 that,	 in	 reality,	 fossil	 fuels	 reign	and	climate	change	grows”
(Hansen,	2018).
4.	That	is	why:	A	related	problem	is	that	all	solar	panels	produce	power	at	the

same	time	(when	the	sun	is	shining).	This	means	that	the	dollar	value	of	the	solar
power	quickly	drops,	often	to	zero,	because	there	is	an	oversupply	on	clear	days
around	 noon.	Models	 show	 that	 when	 California,	 Texas,	 or	 Germany	 gets	 15
percent	 of	 its	 electricity	 from	 solar,	 its	 average	 price	will	 drop	 by	 half.	When
California	gets	30	percent	of	its	electricity	from	solar,	the	electricity	price	from
solar	will	drop	by	more	than	two-thirds	(Sivaram	and	Kann,	2016).	This	means
that	solar	will	 find	it	ever	harder	 to	compete.	When	solar	becomes	competitive
with	 fossil	 fuels,	 meaning	 that	 solar	 panels	 will	 earn	 an	 unsubsidized	 profit,
adding	more	 solar	 will	make	 its	 price	 drop	 and	 render	 it	 uncompetitive	 again
(Wanner,	 2019).	 The	 same	 logic	 holds	 for	 wind	 power,	 where	 all	 producers
make	electricity	only	when	windy.
5.	today	the	United	States:	Caldeira,	2019.
6.	1900–1948	from	EIA,	2012,	figure	5;	1949–2018	from	EIA,	2019c;	2019–

2050	prediction	to	16	percent	in	2050	from	reference	scenario	EIA,	2019a.
7.	almost	unchanged	from:	EIA,	2017a.
8.	 1800–1900	 (Fouquet	 2009),	 1900–1979	 (Benichou,	 2014;	 Etemad	 and

Luciani,	 1991),	 1971–2018	 (IEA,	 2019g;	 2019d).	 The	 International	 Energy
Agency	has	two	predictions,	Stated	Policies	and	Current	Policies	for	2040	(IEA,
2019g).	The	UN	has	five	main	scenarios	for	the	twenty-first	century,	here	shown
up	to	2050	(IIASA,	2018;	Riahi	et	al.,	2017).
9.	The	International	Energy:	IEA,	2019g.



10.	Half	a	century:	IEA,	2014b;	Since	then,	with:	World	Bank,	2019d.
11.	 “Energy	 is	 the…”:	 Reuters,	 2019;	 Indeed,	 the	 International:	 IEA,

2014a,	for	sub-Saharan	Africa.	IEA	finds	similar	results	 in	2019	(IEA,	2019g),
calling	it	the	“Africa	Case,”	with	a	GDP	increase	per	person	of	$3,600,	but	the
analysis	 treats	 it	 more	 as	 independent	 growth	 leading	 to	 more	 energy
consumption.
12.	“Dharnai	 refused	 to…”:	Greenpeace,	 2014;	The	world’s	media:	Roy,

2014.
13.	Because	solar	power:	Vaidyanathan,	2015.
14.	When	he	showed	up:	Vaidyanathan,	2015.
15.	“no	doubt	that…”:	Bainimarama,	2013.
16.	“meet	the	resilience…”:	Hills,	Michalena,	and	Chalvatzis,	2018.
17.	One	 common	 anecdote:	 Furukawa,	 2014;	 It	 also	 shows:	 Aklin	 et	 al.,

2017;	In	Tanzania:	Lee	et	al.,	2016.
18.	Moreover,	 when	 asked:	 Grimm	 et	 al.,	 2019;	 Even	 when	 including:

Kashi,	2020.
19.	 The	 Energiewende	 has:	 Shellenberger,	 2019;	 Electricity	 costs	 have:

IEA,	2019a,	128;	and	IEA,	2019a;	Germans	will	have:	Shellenberger,	2019.
20.	This	massive	expenditure:	Shellenberger,	2019.
21.	In	the	first:	IEA,	2019d.
22.	 In	 the	 larger:	 IEA,	 2019d;	 In	 total,	 solar:	 IEA,	 2019d;	The	 problem

for:	Norton	et	al.,	2019;	Needless	to	say:	Norton	et	al.,	2019;	Sterman,	Siegel,
and	Rooney-Varga,	2018.
23.	Yet,	the	cost:	The	average	of	three	models	shows	a	1.03	percent	of	GDP

cost	of	EU’s	20-20-20	climate	policy	at	its	most	effective,	but	realistically	a	2.19
percent	cost	(Bohringer,	Rutherford,	and	Tol,	2009).	This	is	about	$408	billion;
Indeed,	about	20	percent:	EPRS,	2019.
24.	Today,	residential:	Thirteen	cents	for	the	United	States	(EIA,	2019b),	23

euro	cents,	or	25.6	cents	for	the	EU	(Eurostat,	2019a);	Over	the	next:	Panos	and
Densing,	2019.
25.	“clean	our	clocks”:	Friedman,	2005.
26.	“at	least	$26	trillion”:	Guterres,	2018.
27.	The	UN	estimates:	IPCC,	2018,	154;	A	2018	Goldman	Sachs:	Trivedi,

2018.
28.	If	the	European	Union:	The	average	estimated	cost	of	the	EU	80	percent

greenhouse	gas	emissions	reduction	by	2050	is	a	loss	of	5.14	percent	of	GDP	as
estimated	 by	 seven	 regional	 models	 (Knopf	 et	 al.,	 2013).	 This	 assumes	 all



policies	are	perfectly	effective.	More	realistically,	the	costs	will	double,	as	they
did	 for	 the	 EU’s	 20-20-20	 climate	 policy	 (Bohringer,	 Rutherford,	 and	 Tol,
2009).	That	leads	to	a	10.3	percent	cost,	or	€2.514	trillion	or	$2.8	trillion;	This	is
more:	Eurostat,	2019b,	table	gov_10a_exp.
29.	This	is	why:	UNEP	2019,	3:	“The	current	level	of	global	greenhouse	gas

emissions	is	by	now	almost	exactly	at	the	level	of	emissions	projected	for	2020
under	 the	business-as-usual,	or	no-policy,	scenarios	used	 in	 the	Emissions	Gap
Reports,	which	are	based	on	the	assumption	that	no	new	climate	policies	are	put
into	place	from	2005	onwards.	In	other	words,	essentially	there	has	been	no	real
change	in	the	global	emissions	pathway	in	the	last	decade.”



CHAPTER	8.	WHY	THE	PARIS	AGREEMENT	IS	FAILING

1.	 It	 was	 hailed:	 UNFCCC,	 2018b;	French	 president:	 Vidal	 et	 al.,	 2015;
“This	is	a	historic…”:	Vidal	et	al.,	2015;	Al	Gore	saw:	Gore,	2015.
2.	In	promises	made:	USNDC,	2016;	Work	from	the:	Fawcett	et	al.,	2014.
3.	The	EU	promised:	EUNDC,	2016;	There	is	no:	Knopf	et	al.,	2013.
4.	It	set	a	2030:	China	NDC,	2016;	Its	results	suggest:	Calvin	et	al.,	2012;

Calvin,	Fawcett,	and	Kejun,	2012.
5.	Mexico	has	 enacted:	Mexico	NDC,	2016;	Although	Mexico:	Veysey	 et

al.,	2016.
6.	For	instance,	back:	It	also	made	a	number	of	other	promises,	but	this	was

the	most	 important	one;	Stanford’s	Energy	Modeling:	Bohringer,	Rutherford,
and	Tol,	2009.	The	“forever”	part	means	that	the	EU	would	now	be	on	a	lower
growth	path,	so	even	if	growth	rates	without	new	climate	policies	were	similar
from	2021	and	onward,	it	would	always	be	about	1	percent	behind;	In	total,	the:
Bohringer,	 Rutherford,	 and	 Tol,	 2009.	 Notice,	 the	 EU	 itself,	 using	 one	 very
optimistic	model,	estimated	the	total	cost	at	an	unbelievable	0.5	percent	of	GDP.
7.	Whereas	the	cheapest:	Young	and	Bistline,	2018.
8.	Thus,	without:	If	anything,	this	is	likely	a	low-ball	estimate.	A	new	study

indicates	that	the	annual	global	cost	of	the	Paris	Agreement	could	be	$5.4	trillion
(J.	Li,	Hamdi-Cherif,	and	Cassen,	2017).
9.	No	matter	which:	SIPRI,	2019;	Every	year,	the:	Gomes,	2010,	47;	And

to	put:	UNEP,	2014,	435;	It	is	also:	UNAIDS,	2019,	174.
10.	The	UN	estimates:	IPCC,	2013b,	27.	With	the	transient	climate	response

to	cumulative	carbon	emissions	likely	in	the	range	of	0.2°C	to	0.7°C	per	1,000
Gt	 carbon	 dioxide	 (0.8°C–2.5°C	 per	 1,000	 GtC,	 IPCC,	 2013b,	 16–17),	 and
0.45°C	 being	 perhaps	 the	 most	 realistic	 (Kriegler	 Elmar	 et	 al.,	 2018,	 3;
Matthews,	Solomon,	and	Pierrehumbert,	2012,	4369).
11.	 This	 estimates:	 UNFCCC,	 2015;	 According	 to	 the:	 A	 reduction	 of

maximally	 63.8	 Gt	 carbon	 dioxide	 will	 reduce	 global	 temperatures	 about
0.029°C	and	certainly	less	than	0.045°C	(similar	to	Lomborg,	2016).
12.	From	Lomborg,	2020.
13.	A	2017	landmark:	Victor	et	al.,	2017.
14.	The	story	is:	Victor	et	al.,	2017.
15.	In	contrast,	the:	CAT	India,	2016.
16.	A	2018	study:	Nachmany	and	Mangan,	2018.
17.	 Translated	 into	 an:	 The	 UN	 relation	 of	 0.8°F	 per	 1,000	 Gt	 carbon



dioxide	 reduced	gives	0.43°F	 (0.24°C),	with	 two	 runs	 showing	0.36°F	 (0.2°C)
(MIT,	2015)	and	0.3°F	(0.17°C)	(Lomborg,	2016).
18.	The	global	warming:	CAT,	2018.
19.	Indeed,	it	turns	out:	Lomborg,	2020.
20.	More	than	sixty:	Sengupta	and	Popovich,	2019.
21.	In	2007,	Prime	Minister:	ECOS,	2007;	The	latest	official:	Ministry	for

the	Environment	(New	Zealand),	2019a,	shows	81.4	Mt	versus	81.0	Mt	in	2007
(Ministry	for	the	Environment	[New	Zealand],	2019b).	New	Zealand	is:	Using
1990	as	100	percent,	her	promise	was	0	percent	of	the	1990	level,	but	the	actual
emissions	 in	 2020	 will	 likely	 be	 123	 percent	 of	 1990	 emissions;	Legislation
aimed	at:	Tidman,	2019.
22.	For	a	 small:	NZ	Treasury,	 2019,	 table	 4.	All	 of	 the	 dollar	 amounts	 for

New	Zealand	costs	are	converted	into	US	dollars.
23.	Getting	all	 the:	NZIER,	2018,	16.	Average	of	 three	ZNE	scenarios,	 top

table	11	(NZD	87.3	billion).	All	the	dollar	amounts	are	in	USD;	That	is	more:
NZ	Treasury,	2019,	table	4.	All	Core	Crown	expenses,	and	given	that	the	NZIER
$87.3	billion	is	in	2015	dollars,	the	cost	would	be	even	higher	in	2019	dollars.
24.	 To	 achieve	 their:	 A	 $1,500	 carbon	 dioxide	 tax	 is	 equal	 to	 $8.33	 per

gallon	($3.5/liter).
25.	 If	 the	 policies:	 This	 is	 using	 the	 report’s	 own	 GDP	 growth,	 linearly

scaling	 in	 the	cost	of	16	percent	 from	zero	 in	2020	 to	16	percent	 in	2050,	and
then	staying	at	16	percent	 for	 rest	of	 the	century.	The	per	person	cost	uses	 the
average	population	of	New	Zealand	over	the	century,	which	the	UN	expects	to
be	5.6	million	people	(UNDESA,	2019).
26.	As	 a	 back-of-the-envelope:	 US	 GDP	 in	 2050	 according	 to	 UN	 SSP2

(IIASA,	2018)	is	27	trillion	PPP$	2010;	adjusted	to	2018	dollars,	16	percent	 is
$5	trillion.	That	is	higher:	Amadeo,	2019.
27.	 If	we	 assume:	 Total	 reduction	 is	 about	 5.4	Gt	 carbon	 dioxide	 over	 the

century;	using	0.8°F	per	1,000	Gt	carbon	dioxide	means	a	0.004°F	 (0.0025°C)
temperature	 reduction;	 Given	 the	 expected:	 As	 the	 temperature	 rises	 by
0.0675°F	 per	 year	 in	 the	 decade	 2090–2100	 for	 the	 SSP2	 (IIASA,	 2018),	 this
means	that	the	0.004°F	temperature	reduction	will	push	forward	the	temperature
rise	seen	on	January	1,	2100,	by	23.5	days.



CHAPTER	9.	PICK	A	PATH:	WHICH	FUTURE	IS	BEST?

1.	By	2030,	 the:	As	we	saw	 in	 the	cost	estimate	 for	 the	Paris	Agreement	 in
chapter	8.
2.	This	sounds	 like:	The	SSP	work	was	outlined	 from	2014	 (O’Neill	et	al.,

2014,	 and	 van	 Vuuren	 et	 al.,	 2014,	 and	 published	 in	 a	 special	 issue	 in	 2017
(Riahi	et	al.,	2017);	They	examined	five:	(Riahi	et	al.,	2017).
3.	That	prediction	is:	Bolt	et	al.,	2018;	Maddison,	2006.
4.	All	amounts	are	in	$2011	PPP.	To	the	right,	the	increase	in	GDP	per	person

in	2100	compared	to	GDP	per	person	in	2020.	In	2100,	the	average	person	in	the
fossil	fuel	scenario	will	see	a	GDP	per	person	worth	1,040	percent	of	the	average
person	in	2020	(IIASA,	2018;	Riahi	et	al.,	2017).
5.	 There	 is	 slow:	 Fricko	 et	 al.,	 2017;	 In	 a	 2018	 survey:	 Christensen,

Gillingham,	and	Nordhaus,	2018.
6.	The	final	pathway:	Jiang,	2014.
7.	That	may	sound:	Christensen,	Gillingham,	and	Nordhaus,	2018.
8.	Both	of	these:	Rao	et	al.,	2019;	over	the	next:	This	is	an	average	over	the

years	2020–2050.,	some	years	more,	some	years	less;	But	especially	the:	Riahi
et	al.,	2017	figure	2D;	By	2100	under:	Lomborg,	2020.
9.	In	the	bottom:	KC	and	Lutz,	2017,	189;	Illiteracy,	which	is:	Riahi	et	al.,

2017,	158;	Globally,	life	expectancy:	Lutz,	Butz,	and	KC,	2014,	669.
10.	Global	GDP	per	person	for	the	green	and	the	fossil	fuel	scenarios	(IIASA,

2018).	 The	 dashed	 lines	 show	 GDP	 per	 person	 without	 taking	 climate	 into
account.	 The	 full	 lines	 show	 GDP	 per	 person	 minus	 climate	 damages	 as
Nordhaus	 has	 estimated	 in	 figure	 17.	 Thus,	 the	 cooler	 sustainable	 scenario
results	 in	 a	 temperature	 rise	 of	 5.83°F	 in	 2100.	 This	 implies	 a	 2.5	 percent
reduction	 of	 nominal	GDP	 per	 person	 to	 estimate	 actual	welfare.	 The	warmer
fossil-fuel-driven	 scenario	 will	 reach	 a	 temperature	 of	 8.75°F	 in	 2100,	 which
will	 result	 in	 a	 more	 damaging	 5.7	 percent	 reduction	 from	 nominal	 GDP	 per
person.
11.	 In	 late	 2018:	 Guardian,	 2018;	 They	 and	 global:	 Institutet	 för

nerväxtstudier,	2018.
12.	 Researchers	 have	 looked:	 Keeney,	 1990;	 Lutter	 and	 Morrall,	 1994;

Lutter,	Morrall,	 and	Viscusi,	 1999;	Broughel	 and	Viscusi,	 2017;	Hahn,	Lutter,
and	Viscusi,	2000;	Using	the	estimates:	Lomborg,	2020.	Since	all	humans	die,
we	don’t	 actually	 avoid	 these	 three	million	 deaths,	 but	we	 avoid	 three	million
people	dying	prematurely.



CHAPTER	10.	HOW	CLIMATE	POLICY	HURTS	THE	POOR

1.	“The	Rich	Pollute…”:	Economist,	2017.
2.	“Cut	Carbon…”:	Elliott	and	Seager,	2007.
3.	Typically,	whatever	the:	Aronoff,	2019.
4.	Let’s	look	at:	NDRRMC,	2014.	Built	on	flat:	Athawes,	2018;	In	1912,	a:

Galvin,	 2014;	Washington	Herald,	 1912.	 Indicating	 that	 “half	 the	 population”
was	lost,	of	a	Tacloban	population	of	twelve	thousand.
5.	According	to	the	Guardian:	Vidal,	2014;	The	diplomat	vowed:	Climate

Home	News,	2013.
6.	One	 2016	 study	 shows:	 Twenty-seven	 percent,	 according	 to	 Bakkensen

and	Mendelsohn,	2016.
7.	Nonetheless,	investment	in:	Assuming	that	GDP	per	capita	and	vulnerable

infrastructure	grow	at	same	rate.
8.	It	also	helps:	Bakkensen	and	Mendelsohn,	2016.
9.	But	a	comprehensive:	Hasegawa	et	al.,	2018.
10.	A	2019	study:	Campagnolo	and	Davide,	2019.
11.	Data	from	IIASA,	2018.	Climate	damages	estimated	by	Nordhaus’s	RICE

model	(W.	Nordhaus,	2013).
12.	Using	a	regionally:	W.	Nordhaus,	2010;	2013.
13.	Campaigners	used	to:	Connor,	2014;	We	don’t	often:	Roser	and	Ritchie,

2019b.
14.	A	study	shows:	Tol	and	Dowlatabadi,	2001.
15.	Yet	higher	costs:	Tol	and	Dowlatabadi,	2001.
16.	Twenty	years	 ago:	Guo,	Song,	 and	Buhain,	 2015,	 716;	The	European

Union:	 European	 Union,	 2003,	 Article	 3	 (b),	 ii;	 Developing	 nations,	 even:
Monbiot,	2007.
17.	 This	 movement	 originally:	 WWF,	 2007;	 NDRC,	 2008;	 The	 charity

ActionAid:	ActionAid,	2012.
18.	 The	 huge	 growth:	 Chakrabortty,	 2008;	 After	 food	 prices:	 Nebehay,

2008;	The	World	Bank:	Ivanic,	Martin,	and	Zaman,	2011.
19.	Many	 environmental	 groups:	Witness	 the	 difference	 in	 tone	 from	 the

NDRC	just	from	2008	to	2009	(NDRC,	2008;	2009);	Guardian	columnist	and:
Monbiot,	2007.
20.	One	2019	study:	Chambers,	Collins,	and	Krause,	2019.
21.	The	International	Energy	Agency:	IEA,	2017,	25.
22.	 Cold	 homes	 are:	 Kahouli,	 2020;	 The	 study	 estimates:	 Chirakijja,



Jayachandran,	and	Ong,	2019.
23.	People	will	be:	The	actual	 increase	 in	deaths	will	 likely	be	 larger,	 since

this	 study	 only	 looked	 at	 natural	 gas	 use,	 whereas	 a	 comprehensive	 climate
policy	also	will	affect	the	many	other	ways	to	heat	one’s	home.
24.	 In	 the	 United	 Kingdom:	 Ofgem,	 2018;	 Ever	 more	 stringent:

Department	for	Business,	Energy	&	Industrial	Strategy,	2019.	Using	2006–2016;
and	Office	for	National	Statistics,	2017,	latest	UK	numbers	for	individuals.	Not
surprisingly:	NEED,	2019.
25.	One	poll	in:	Belfast	Telegraph,	2014.
26.	 The	 amount	measures	 both	 aid	 spent	 on	mitigation	 and	 adaptation,	 and

both	 as	 a	 principle	 and	 a	 significant	 objective	 (Hicks,	 2008,	 37;	OECD-DAC,
2019;	OECD,	2019).
27.	In	general,	studies:	Lomborg,	2018.
28.	Indeed,	they	will:	IEA,	2017,	53;	That	is	half:	IGS,	2019;	It	won’t	even:

Institute	for	Health	Metrics	and	Evaluation,	2019.
29.	It	means	households:	Khandker,	2012.
30.	In	one	2016	study:	Gunatilake,	Roland-Holst,	and	Larsen,	2016.
31.	Denying	Bangladesh	this:	Of	course,	the	actual	costs	for	Bangladesh	are

much	higher,	because	it	also	has	to	pay	for	the	power	plants.	For	Bangladesh,	the
benefits	 outweigh	 the	 costs	 by	 about	 twenty-five	 times;	And	 Bangladesh	 is:
World	Bank,	2017.
32.	We	have	to:	Hance,	2017.
33.	Today	 there	 are:	 Roser	 and	Ortiz-Ospina,	 2019a;	 It	 turns	 out:	 Ortiz-

Ospina,	 2017.	 They	 estimate	 this	 with	 eight	 hundred	 million	 poor;	 the	 cost
would	be	even	lower	at	650	million	poor.



CHAPTER	11.	CARBON	TAX:	THE	MARKET-BASED	SOLUTION

1.	Indeed,	it	doesn’t:	W.	Nordhaus,	2013,	6–7.
2.	Unfortunately,	another:	This	 is	 true	of	any	 tax,	e.g.,	Romer	and	Romer,

2010;	It	forces	people:	Tol,	2019,	32.
3.	Using	Nordhaus’s	model:	We	get	the	$140	trillion	by	taking	the	full	cost

across	 five	 centuries	 and	 expressing	 it	 as	 if	 it	 all	 had	 to	 be	 paid	 today.	 This
means	that	if	we	put	$140	trillion	into	an	account	today	with	an	interest	of	about
4	 percent	 per	 year,	 we	 would	 have	 exactly	 enough	 to	 pay	 out	 for	 all	 the	 net
damages	from	climate	change	for	the	next	five	hundred	years.
4.	W.	Nordhaus,	2018.
5.	A	carbon	tax:	Tol,	2019,	35–39.
6.	W.	Nordhaus,	2018.
7.	 The	 climate-economic	 model:	 Notice	 that	 Nordhaus’s	 model	 actually

includes	the	slight	cost	of	policies	already	enacted.
8.	This	will	mean:	Notice	that	this	policy	cost	is	also	expressed	as	if	we	were

to	pay	all	of	it	today,	to	be	comparable	with	the	climate	cost	discussed	above.
9.	W.	Nordhaus,	2018.
10.	Notice,	 we	 don’t:	 As	 Nordhaus	 puts	 it:	 “A	 limit	 of	 2°C	 appears	 to	 be

infeasible	 with	 reasonably	 accessible	 technologies	 even	 with	 very	 ambitious
abatement	strategies”	(W.	Nordhaus,	2018,	334).
11.	In	Nobel	laureate:	W.	Nordhaus,	2018.
12.	Even	though	the:	W.	Nordhaus,	2018.
13.	W.	Nordhaus,	2018.
14.	Look	at	France:	Willsher,	2018.	Thirteen	cents	per	gallon,	four	cents	per

liter	of	gasoline,	or	three	euro	cents	per	liter.
15.	It	turns	out:	Akimoto,	Sano,	and	Tehrani,	2017.
16.	 As	 we	 saw:	 Bohringer,	 Rutherford,	 and	 Tol,	 2009;	 Similarly,	 much

climate:	Young	and	Bistline,	2018.
17.	Lomborg,	2020.
18.	Lomborg,	2020.
19.	The	total	value	of	the	next	five	hundred	years	of	GDP	is	expressed	in	net

present	 value.	 It	 is	 $4,629	 trillion,	which,	 if	 invested	 today	 at	 realistic	 interest
rates,	would	be	able	to	exactly	pay	out	the	expected	GDP	each	year	over	the	next
five	hundred	years.
20.	Yet,	the	impact:	If	we	do	not	manage	global	buy-in	for	carbon	taxes,	the

impacts	will	be	even	 smaller,	 although	 the	costs	will	 likely	 similarly	decrease.



Carbon	 taxes	 of	 the	 same	 magnitude	 would	 probably	 still	 be	 effective	 for
individual	 nations,	 although	 some	 carbon	 emissions	 would	 likely	 migrate	 to
nations	with	low	or	no	carbon	taxes.



CHAPTER	12.	INNOVATION:	WHAT	IS	NEEDED	MOST

1.	From	the	1700s:	Throughout	most	of	the	1700s,	whale	oil	was	only	for	the
very	 rich,	 but	 by	 1850	 it	 had	 a	 65.5	 percent	 market	 share	 of	 oil	 and	 gas
illuminants	 (Kaiser	 2013,	 9).	Kerosene,	 just	 one	 year	 after	 the	 first	 petroleum
drilling	 in	 Pennsylvania,	 had	 a	 20	 percent	market	 share	 in	 1860;	At	 its	 peak:
Dolin,	2008,	242;	L.	E.	Davis,	Gallman,	and	Hutchins,	1988.
2.	Before	the	turn:	Stephen	Davies,	2004.
3.	“the	battle	to…”:	Ehrlich,	1968,	11.
4.	The	belief	was:	Ehrlich,	1968,	160;	Conventional	wisdom:	Ehrlich,	1968,

40–41.
5.	As	a	result,	grain:	Encyclopedia	Britannica,	2020.
6.	 By	 1980,	 India:	 FAO,	 2019;	 Roser,	 Ritchie,	 and	 Ortiz-Ospina,	 2019;

Calories	available:	Roser	and	Ritchie,	2019a;	Today,	India	is:	Statista,	2019.
7.	We	would	have:	Bailey,	2013.
8.	The	International	Energy:	IEA,	2019g;	The	cheapness	of:	IEA,	2019g.
9.	Fracking	has	 reduced:	Chirakijja,	 Jayachandran,	 and	Ong,	 2019;	 It	 has

also	dramatically:	Melek,	Plante,	and	Yücel,	2019.
10.	It	has	also	had:	Loomis	and	Haefele,	2017;	The	biggest	study:	This	cost

appears	 to	 ignore	 that	 fracking	will	 also	 lead	 to	 lower	 particulate	 air	 pollution
where	 the	 gas	 is	 burned	 instead	of	 coal	 (often	not	 in	 the	United	States,	where
fracking	 took	 place,	 or	where	 the	 study	 focuses).	 This	 estimate	 is	 a	benefit	 of
about	 $17	 billion	 per	 year,	 cancelling	 about	 three-quarters	 of	 the	 disbenefits
from	fracking	(Johnsen,	LaRiviere,	and	Wolff,	2019).
11.	 The	 technology	 of:	 Golden	 and	 Wiseman,	 2015;	 The	 fracking

innovation:	Golden	 and	Wiseman,	 2015;	Crucially,	 gas	 emits:	 Fracking	 also
emits	more	methane	(which	is	a	greenhouse	gas),	and	some	had	speculated	that
the	 extra	 emissions	 of	 methane	 could	 outweigh	 the	 lower	 carbon	 dioxide
emissions.	 All	 the	 major	 studies,	 including	 from	 the	 US	 Environmental
Protection	Agency,	 show	 that	 this	 is	 extremely	 unlikely,	 and	 that	 after	 taking
methane	 into	 account,	 switching	 from	 coal	 to	 natural	 gas	 in	 the	 power	 sector
produces	climate	benefits	over	all	time	frames	(Raimi	and	Aldana,	2018);	This
is	 the:	 EIA,	 2018;	 and	 using	 data	 from	 the	 Global	 Carbon	 Project,	 2019b,
showing	a	reduction	 in	carbon	dioxide	emissions	of	511	Mt	CO2,	with	 the	UK
reducing	166,	Italy	reducing	129,	and	Ukraine	reducing	101	Mt	CO2.
12.	In	fact,	 in:	BP,	2019;	If	China	switched:	Given	 that	air	pollution	 from

coal	in	China	is	massive,	more	fracking	for	gas	would	likely	also	lead	to	cleaner



air	for	most	people	in	most	places,	although	worse	air	pollution	at	fracking	sites.
13.	We	worked	with:	Lomborg,	2010.
14.	Since	then,	my:	We	even	managed	to	get	the	cover	story	on	the	Guardian

in	 2010,	 calling	 for	 the	 $100	 billion	R&D	 fund	 (August	 10,	 2010);	The	most
promising:	Cama,	2015.
15.	International	Energy	Agency:	IEA,	2019c.
16.	 Green	 investment	 is	 taken	 as	 all	 R&D	 investment	 minus	 fossil	 fuel

investment	(so	energy	efficiency,	renewables,	nuclear,	hydrogen,	and	fuel	cells,
other	power	and	storage	 technologies,	other	cross-cutting	 technologies/research
and	unallocated)	 (IEA,	2019c).	GDP	from	 the	World	Bank,	2019e,	adjusted	 to
2018	dollars	with	BEA,	2019.
17.	Globally,	private	companies:	 IEA,	2019f,	160;	As	a	percentage:	 IEA,

2019f,	160.
18.	Globally,	in	2020:	IEA,	2018,	256.
19.	Before	the	Chicago	World’s	Fair:	Walter,	1992;	There	were	a:	Walter,

1992,	117;	Walter,	1992,	59;	Walter,	1992,	67;	Walter,	1992,	26.
20.	E-mail	was	foreshadowed:	Walter,	1992,	66;	Air	travel	would:	Walter,

1992,	187;	Multiple	thinkers	expected:	Walter,	1992,	213.
21.	One	 considered	 how:	Walter,	 1992,	 66;	Others	 realized	 that:	Walter,

1992,	 60,	 144.	 Actually,	 since	 then	 electricity	 became	 forty	 to	 sixty	 times
cheaper	and	indeed	powered	the	United	States	and	the	world.	The	retail	price	of
a	kilowatt-hour	in	the	1880s	was	28¢	(Schobert,	2002,	188),	or	in	today’s	money
$7.60	(CPI,	2019).	In	1902,	the	price	was	16.2¢	(Census,	1975,	vol.	2,	S116)	or
$5.	In	2018,	the	average	retail	price	was	12.87¢	(EIA,	2019a).
22.	But	these	make:	Gür,	2018,	2699.
23.	My	personal	favorite:	Rathi,	2018.
24.	If	we	exclude:	BNEF,	2019,	estimates	7	GWh	today,	with	the	world	using

0.84	GWh	per	 second	 (IEA,	 2019g);	Headlines	 consistently	 tell:	 John,	 2019;
The	International	Energy	Agency:	 IEA,	2019g,	253;	Yet,	this	will:	The	IEA
doesn’t	express	 its	330	GW	capacity	 in	energy,	but	using	 the	same	conversion
from	BNEF,	2019,	 it	 is	equivalent	 to	859	GWh,	which	at	 the	higher	electricity
consumption	of	1.3	GWh	per	second	is	almost	eleven	minutes.	The	much	higher
BNEF	estimate	of	2,850	GWh	is	equivalent	to	thirty-six	minutes	in	2040;	While
utility-scale	solar:	Lazard,	2019a,	2;	Lazard,	2019b,	4.
25.	It	has	promised:	Sixty-two	GW	in	2018	(IEA,	2019e,	31)	to	620	GW	in

2040	(IEA,	2019g,	295);	Notice,	this	won’t:	IEA,	2019g;	A	lot	of:	IEA,	2019g,
294;	Partly	as	a:	IEA,	2019g,	296.



26.	The	International	Energy	Agency:	IEA,	2019g,	296–97.	Seeing	a	cut	of
320	Mt	 carbon	 dioxide,	 or	 a	 little	 less	 than	 one	 percent	 of	 global	 fossil	 fuel
emissions.
27.	Nuclear	energy	doesn’t:	 It	actually	emits	greenhouse	gasses	when	built

and	decommissioned,	but	on	a	life	cycle	basis	this	is	a	tiny	contribution	(IPCC,
2014b,	 539);	 Under	 normal	 operating:	 Because	 coal	 has	 trace	 amounts	 of
radioactive	materials,	released	during	combustion	(Chiras,	1998,	266);	Although
we	think:	Markandya	and	Wilkinson,	2007.
28.	The	reason	why:	Lazard,	2019a.	And	decommissioning	of	nuclear	power

plants	can	cost	ten	times	their	construction	costs	(Cunningham	and	Cunningham,
2017,	 441);	 Finland’s	 newest	 nuclear:	 Deign,	 2019;	 It	 may	 open	 in	 2021:
Edwardes-Evans,	2019;	It	may	open	in	2022:	AFP,	2019.
29.	A	2017	survey:	Lang,	2017;	In	France	and:	Grubler,	2010,	5182–83,	and

Berthélemy	and	Escobar	Rangel,	2015;	One	2017	study	suggests:	Lang,	2017.
30.	Philanthropist	 Bill	 Gates:	 TerraPower,	 2019;	 Reuters,	 2017;	China	 is

demonstrating:	Z.	Zhang,	2019;	Others	are	suggesting:	N.	Johnson,	2018.
31.	One	2019	study:	Lazard,	2019a,	2,	finds	nuclear	at	11.8¢–19.2¢	per	kWh,

whereas	EIRP,	2017,	finds	average	costs	of	6¢,	with	the	best	case	at	3.6¢,	below
gas	at	4.4¢.
32.	A	third	area:	Sanz-Pérez	et	al.,	2016;	Pires,	2019;	Roger	A.	Pielke,	2009.
33.	In	2007,	entrepreneur:	Branson,	2019.
34.	 In	 2011,	 an:	 APS,	 2011;	A	 2017	 overview:	 Ishimoto	 et	 al.,	 2017;	We

should	take:	Keith	et	al.,	2018.
35.	If	we	can:	This	is	at	the	UN’s	middle-of-the-road	scenario	with	79	billion

tons	of	carbon-dioxide-equivalent	emissions,	$5	per	ton	(or	$395	billion	in	total
cost)	of	a	$231	trillion	economy	(IIASA,	2018).
36.	Because	the	algae:	Herper,	2017.
37.	Fixing	global	warming:	An	annual	cost	of	$192–$408	billion,	or	1.03–

2.19	percent	of	GDP	(Bohringer,	Rutherford,	and	Tol,	2009).



CHAPTER	13.	ADAPTATION:	SIMPLE	BUT	EFFECTIVE

1.	Not	only	do:	Formetta	and	Feyen,	2019.
2.	 At	 its	 simplest:	 Auffhammer	 and	 Mansur,	 2014;	On	 the	 other	 hand:

Berrittella	et	al.,	2006.
3.	 In	contrast,	 adaptation:	Kongsager,	 2018,	8;	 Indeed,	most	adaptation:

Fankhauser,	2017,	215.
4.	In	the	rich	world:	Agrawala	et	al.,	2011,	29.
5.	Where	it	is:	Seo	and	Mendelsohn,	2008.
6.	Across	the	world:	M.	Chen	et	al.,	2018;	Gezie,	2019;	Bakhsh	and	Kamran,

2019.
7.	In	Ethiopia,	a:	Di	Falco,	Veronesi,	and	Yesuf,	2011.
8.	Yet	weirdly,	for:	Kongsager,	2018.
9.	In	fact,	sea:	Thirty-one	cm,	or	1.01	foot,	from	an	average	of	1850–1870	up

to	2010	(Jevrejeva	et	al.,	2014).
10.	 One	 of	 the:	 Lincke	 and	 Hinkel,	 2018;	 Markanday,	 Galarraga,	 and

Markandya,	2019;	Hinkel	et	al.,	2014;	The	study	shows:	Hinkel	et	al.,	2014.
11.	The	total	cost:	Lincke	and	Hinkel,	2018,	table	S1.
12.	“Coastal	defense”	in:	Markanday,	Galarraga,	and	Markandya,	2019,	19.
13.	The	benefits	of:	Global	Commission	on	Adaptation,	2019,	14,	31.
14.	Holland	has	shown:	EEA,	2018;	Rijke	et	al.,	2012.
15.	 If	 there	 were:	 Numbers	 for	 the	 United	 States	 and	 Canada	 (Lim	 et	 al.,

2018,	 figures	 2a	 and	 3a);	The	National	 Institute:	 NIBS,	 2018;	For	 the	 EU:
Rojas,	Feyen,	and	Watkiss,	2013.
16.	It	is	in	fact:	Satija,	Collier,	and	Shaw,	2016.
17.	To	claim	that:	Berke,	2017;	Since	the	1980s:	Houston	Chronicle,	2017;

One	2018	study:	Muñoz	et	al.,	2018.
18.	In	2019,	Houston:	Anchondo,	2019;	A	2019	study:	Davlasheridze	et	al.,

2019.
19.	In	one	area:	Baddour,	2017.
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