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Heat	Index

30	million
Number	of	people	who	live	in	extreme	heat	today
(above	85	degrees	mean	annual	temperature)

2	billion
Number	of	people	who	are	 likely	to	 live	 in	extreme	heat	 in
2070

1	mile	per	year
Average	speed	at	which	land	animals	are	moving	to	higher,
cooler	latitudes

2.5	miles	per	year
Average	 speed	 at	 which	 malaria-carrying	 mosquitoes	 are
moving	to	higher,	cooler	latitudes

210	million
Increase	 in	number	of	people	facing	acute	food	 insecurity
since	2019

21%
Loss	 in	 global	 agricultural	 production	 in	 last	 20	 years	 due
to	climate-driven	heat	and	drought

250,000
Annual	worldwide	deaths	from	firearms

489,000
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Annual	worldwide	deaths	from	extreme	heat	



Fuckin’	 heat…	 I…	 oh,	 man,	 I	 just…	 can’t…	 fuckin’…
make	it!

—Michael	Herr,	Dispatches	



PROLOGUE:	THE	GOLDILOCKS
ZONE

WHEN	HEAT	COMES,	it’s	invisible.	It	doesn’t	bend	tree	branches	or	blow
hair	 across	 your	 face	 to	 let	 you	 know	 it’s	 arrived.	 The	 ground
doesn’t	shake.	It	just	surrounds	you	and	works	on	you	in	ways	that
you	can’t	anticipate	or	control.	You	sweat.	Your	heart	races.	You’re
thirsty.	 Your	 vision	 blurs.	 The	 sun	 feels	 like	 the	 barrel	 of	 a	 gun
pointed	at	you.	Plants	look	like	they’re	crying.	Birds	vanish	from	the
sky	 and	 take	 refuge	 in	 deep	 shade.	 Cars	 are	 untouchable.	 Colors
fade.	The	air	smells	burned.	You	can	imagine	fire	even	before	you
see	it.

In	the	summer	of	2021,	weathercasters	in	the	Pacific	Northwest
warned	 people	 that	 a	 heat	 wave	 was	 on	 the	 way.	 Workers	 in
Washington’s	Yakima	Valley	were	summoned	to	cherry	orchards	at
1	a.m.	so	the	ripe	fruit	could	be	picked	before	it	turned	to	mush.	Air-
conditioning	 contractors	 were	 deluged	 with	 calls.	 Electric	 fans
sold	 out	 at	 Home	 Depot	 and	 Lowe’s.	 The	 Red	 Cross	 activated	 its
heat	alert	network,	blasting	out	warnings	to	people	to	drink	water
and	 check	 on	 family	 and	 friends	 who	 lived	 alone.	 Libraries	 and
churches	 set	 up	 cooling	 centers	 for	 the	 homeless	 or	 anyone	 who
needed	 refuge.	 In	 Portland,	 Chris	 Voss,	 the	 emergency
management	director	for	Multnomah	County,	decided	to	open	the
Oregon	Convention	Center,	which	was	capable	of	providing	a	cool
retreat	 for	 hundreds	 of	 people.	 “What’s	 coming	 is	 not	 just
uncomfortable	heat,”	Jennifer	Vines,	the	lead	health	officer	for	the
region,	advised	Voss.	“This	is	life-threatening	heat.”

Nevertheless,	 the	 heat	 hit	 with	 a	 force	 that	 few	 people
anticipated.	The	Pacific	Northwest,	after	all,	has	long	been	seen	as
a	 climate	 refuge.	 It	 was	 the	 place	 you	 moved	 to	 if	 you	 wanted	 to
live	 somewhere	 that	 was	 “safe”	 from	 climate	 change.	 There	 are
beaches	 and	 lakes	 and	 stately	 trees	 and	 volcanic	 soil	 where
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beaches	 and	 lakes	 and	 stately	 trees	 and	 volcanic	 soil	 where

anything	 grows,	 from	 blueberries	 to	 boxwood	 to	 grapes	 that	 are
crushed	 into	 world-class	 Pinot	 Noir.	 There	 are	 glaciers	 in	 the
Cascades	and	lush	temperate	rain	forests	in	Olympic	National	Park
and	 more	 than	 a	 few	 fragments	 left	 of	 the	 Edenic	 paradise	 that
pulled	 so	 many	 settlers	 over	 the	 Oregon	Trail.	 In	 the	 1970s,	 Steve
Jobs	picked	apples	on	a	farm	in	the	region	and	loved	it	so	much	he
named	a	computer	company	after	it.	Heat	wave?	No	big	deal.	This
was	 not	 Phoenix,	 where	 heat	 owns	 the	 city.	 Or	 New	 Delhi,	 where
heat	is	both	a	goddess	and	a	demon.	In	the	Pacific	Northwest	that
summer,	 everyone	 might	 have	 known	 the	 heat	 was	 coming,	 but
nobody	 thought	 it	 would	 be	 a	 searing,	 ghostly	 force	 that	 would
melt	 asphalt	 and	 kill	 loved	 ones	 and	 force	 a	 new	 reckoning	 with
the	world	they	live	in.

The	 heat	 wave	 had	 been	 born	 over	 the	 Pacific	 a	 week	 or	 so
earlier.	 Atmospheric	 waves	 wobbled	 across	 the	 Northern
Hemisphere,	 creating	 a	 high-pressure	 lid	 that	 allowed	 heat
radiating	 up	 from	 the	 ocean	 to	 gather	 beneath	 it.	 As	 this	 pile	 of
heat	drifted	to	the	coast,	it	grew	quickly	in	size	and	intensity	(land
reflects	 and	 amplifies	 heat	 much	 more	 efficiently	 than	 water),
creating	what	scientists	called	a	heat	dome.	In	a	twenty-four-hour
period,	 the	 temperature	 in	 downtown	 Portland	 jumped	 from	 76
degrees	 to	 114	 degrees,	 the	 hottest	 temperature	 in	 147	 years	 of
observations.1	 Suddenly,	 the	 ferny	 salamander-land	 of	 the
Northwest	felt	like	the	hard-baked	steel	and	sand	of	Dubai.

Ice,	 nature’s	 most	 exquisite	 thermometer,	 registered	 the	 heat
first.	 The	 last	 of	 the	 winter	 snow	 in	 the	 Cascades	 vanished	 from
shady	hollows	in	the	forests	and	atop	the	glaciers	near	the	peaks.
With	 the	 protective	 snowpack	 gone,	 the	 blue	 glacial	 ice	 itself
began	to	melt,	rushing	down	streambeds	and	canyons	in	a	swirl	of
silty	 gray	 water,	 carrying	 ancient	 sediment	 from	 before	 the	 fossil
fuel	age,	before	books,	before	the	pyramids.	The	rush	of	meltwater
flooded	roads	and	towns	as	it	rolled	down	to	the	rivers	and	out	to
the	 sea.	 In	 the	 Columbia	 River,	 which	 is	 the	 largest	 river	 in	 the
Northwest,	the	wash	of	sediment	was	so	enormous	that	satellites
circling	the	Earth	photographed	a	gray	plume	flowing	several	miles
into	the	Pacific.
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In	 streams	 and	 rivers,	 migrating	 salmon	 immediately	 sensed
the	 changes	 in	 water	 temperature.	 They	 had	 spent	 three	 or	 four
years	in	the	cold,	salty	Pacific	and	now	were	swimming	upstream
in	freshwater	back	to	where	they	were	born	to	lay	eggs	and	begin
the	cycle	anew.	The	salmon’s	 journey	 is	one	of	the	great	wonders
of	 nature.	 But	 it	 is	 also	 a	 fragile	 one.	 Warm	 runoff	 in	 the	 rivers—
shallow	 water	 can	 heat	 up	 quickly	 as	 it	 flows	 down	 out	 of	 the
mountains—made	 it	 difficult	 for	 the	 struggling	 salmon	 to	 breathe
(the	 warmer	 the	 water,	 the	 faster	 oxygen	 molecules	 vibrate	 with
kinetic	 energy,	 allowing	 them	 to	 flee	 their	 molecular	 bonds	 and
escape	 into	 the	 air.	 “It	 leaves	 fish	 feeling	 like	 they	 are	 breathing
with	a	plastic	bag	over	their	heads,”	one	wildlife	biologist	told	me).
Their	iridescent	silvery	skin	broke	out	in	red	lesions.	Cottony	puffs
of	fungus	grew	on	their	backs.	Some	escaped	to	cooler	tributaries.
But	 tens	 of	 thousands	 of	 others,	 exhausted	 and	 suffocating	 and
literally	disintegrating	 in	the	warmth,	became	meals	for	other	fish
or	washed	up	on	the	riverbanks,	where	they	were	picked	apart	by
racoons	and	eagles.

In	 the	 mountains	 and	 valleys,	 every	 plant	 and	 tree	 was
assaulted	 by	 the	 heat,	 rooted	 in	 place	 and	 unable	 to	 move,
creators	of	shade	that	were	themselves	unable	to	seek	refuge.	As
the	temperature	rose,	they	struggled	with	the	heat	just	as	humans
do,	 trying	 to	 preserve	 water	 while	 the	 sun	 and	 the	 heat	 sucked	 it
out	 of	 the	 soil	 and	 the	 flesh	 of	 their	 leaves	 and	 trunks.	All	 across
the	 Pacific	 Northwest	 there	 was	 a	 great	 clenching	 as	 the	 plants
closed	 the	 pores	 on	 the	 undersides	 of	 their	 leaves,	 in	 effect
holding	 their	 breath,	 hoping	 the	 heat	 would	 pass	 quickly.
Blackberry	 and	 blueberry	 plants	 drank	 the	 moisture	 out	 of	 their
own	 fruit,	 leaving	 it	 dry	 and	 withered	 on	 the	 stalk.	 On	 broadleaf
trees	 like	 ash	 and	 maple,	 leaves	 brittled	 and	 curled.	 As
temperatures	 rose,	 some	 of	 the	 most	 sun-exposed	 trees	 opened
their	 pores,	 desperately	 trying	 to	 cool	 off	 by	 sweating.	Their	 roots
worked	 to	 pull	 water	 out	 of	 the	 dry	 soil,	 but	 instead	 sucked	 air
bubbles	 into	 the	 veins	 that	 ran	 up	 their	 trunks,	 causing	 them	 to
rupture.	 If	 you’d	 had	 the	 right	 kind	 of	 microphone,	 scientists	 say,
you	could	have	heard	the	trees	screaming.



In	the	mountains,	bighorn	sheep	headed	for	higher	elevations.
Doves	rested	on	shady	branches	and	opened	their	wings	to	aerate
their	bodies.	And	like	dogs,	they	panted.	Baby	hawks,	hot	and	fuzzy
in	their	nests,	faced	the	choice	of	overheating	with	their	siblings	or
jumping	out	before	they	were	ready	to	fly.	Many	jumped.	Dozens	of
fluttering,	broken	bodies	were	found	by	hikers	and	taken	to	wildlife
rehabilitation	centers.

For	 some	 animals,	 however,	 these	 were	 good	 times.
Caterpillars	 basked	 in	 the	 heat	 to	 kill	 pathogens	 in	 their	 bodies.
Maggots	 hatched	 in	 the	 mouths	 of	 the	 dead	 salmon	 on	 the
riverbanks.	 For	 pine	 bark	 beetles,	 an	 invasive	 species	 that	 is
decimating	 western	 forests,	 the	 heat	 was	 like	 guzzling	 Red	 Bull.
Their	 metabolism	 revved	 up,	 their	 appetite	 grew,	 and	 they	 moved
like	 a	 marauding	 army	 through	 thousand-acre	 stands	 of	 Jeffrey
pines.

In	 the	 cities	 and	 suburbs,	 air-conditioning	 units	 whirred.
Overloaded	 power	 lines	 hummed	 and	 sagged.	 In	 the	 grid	 control
centers,	 dispatchers	 sent	 urgent	 messages	 to	 power	 companies,
who	 fired	 up	 idle	 natural	 gas	 plants,	 which	 can	 quickly	 generate
electricity	 (and	 profits)	 during	 desperate	 times.	 In	 Oregon’s
Multnomah	 County,	 outdoor	 sporting	 events	 and	 concerts	 were
canceled.	 Volunteers	 made	 thousands	 of	 calls	 to	 check	 in	 on
disabled	 people	 and	 senior	 citizens.	 In	 Vancouver,	 British
Columbia,	 police	 answered	 a	 surge	 of	 calls	 from	 people	 with
difficulty	breathing	or	in	cardiac	arrest.	Sirens	wailed	and	hospital
emergency	 rooms	 were	 crowded	 with	 panting,	 red-faced	 people.
Desperate	to	lower	their	body	temperatures	as	quickly	as	possible,
doctors	filled	body	bags	with	ice	and	zipped	them	inside.

Vivek	 Shandas,	 a	 professor	 of	 urban	 studies	 and	 planning	 at
Portland	State	University,	drove	around	in	his	Prius	with	his	eleven-
year-old	son,	Suhail,	measuring	the	temperature	 in	different	parts
of	 the	 city.	 In	 Lents,	 one	 of	 Portland’s	 poorest	 neighborhoods,
where	 trees	 are	 few	 and	 concrete	 is	 plentiful,	 Shandas	 measured
an	air	temperature	of	124	degrees,	the	highest	temperature	he	had
ever	recorded	in	fifteen	years	of	chronicling	heat.	“When	I	stopped
and	opened	my	car	door,	the	first	thing	I	felt	was	my	eyes	burning,”



and	opened	my	car	door,	the	first	thing	I	felt	was	my	eyes	burning,”

Shandas	 recalled.	 “My	 skin	 was	 on	 fire.	 It	 just	 feels	 like	 you’re
melting.”	He	drove	to	Willamette	Heights,	a	tree-lined	suburb	with
parks	and	lots	of	greenery	where	the	median	house	price	is	about
$1	million.	He	measured	the	air	temperature	again:	99	degrees.	In	a
heat	wave,	wealth	can	afford	twenty-five	degrees	of	coolness.

Nobody	knows	for	sure	how	many	people	died	during	the	seventy-
two	 hours	 of	 extreme	 heat	 in	 the	 Pacific	 Northwest.	 The	 official
count	 was	 1,000,	 but	 heat	 is	 a	 subtle	 killer	 and	 doesn’t	 always
make	 it	 onto	 death	 certificates.	 The	 actual	 number	 is	 likely	 far
higher.	Whatever	 the	 true	 toll	 was,	 it	 certainly	 included	 Rosemary
Anderson,	 sixty-seven,	 whose	 neighbor	 had	 texted	 her,	 “Good
night,	 sleep	 tight,	 may	 you	 find	 lots	 of	 angel	 wings	 upon	 your
pillow,”	 the	 night	 before	 she	 was	 found	 dead	 in	 her	 house,	 where
the	 indoor	 temperature	 measured	 99.5	 degrees.	 It	 also	 included
Jollene	Brown,	sixty-three,	who	 lived	alone	 in	an	apartment	a	 few
miles	 away	 from	 Anderson,	 who	 was	 found	 by	 her	 son	 Shane
sitting	in	her	La-Z-Boy	rocker	with	one	foot	on	the	footrest,	one	foot
on	 the	 floor,	 as	 if	 she’d	 been	 about	 to	 stand	 up	 but	 couldn’t
because	 of	 the	 wall	 of	 heat	 in	 her	 tiny	 un-air-conditioned	 living
room.	 As	 with	 most	 heat	 waves	 today,	 the	 people	 who	 died	 first
were	elderly	folks	who	lived	alone,	or	who	were	too	poor	to	afford
air-conditioning,	 or	 who	 had	 a	 medical	 problem	 that	 left	 them
vulnerable.	In	this	sense,	a	heat	wave	is	a	predatory	event,	one	that
culls	out	the	most	vulnerable	people.	But	that	will	change.	As	heat
waves	become	more	intense	and	more	common,	they	will	become
more	democratic.

Even	 before	 this	 heat	 wave	 hit	 the	 Pacific	 Northwest,	 the
forests	 were	 burning,	 dried	 to	 tinder	 by	 years	 of	 rising	 heat	 and
declining	 rainfall.	 But	 in	 British	 Columbia,	 the	 heat	 brought
something	 like	 spontaneous	 combustion	 to	 Lytton,	 an	 old	 mining
camp	 (pop.	 250)	 at	 the	 confluence	 of	 the	 Fraser	 and	 Thompson
Rivers	 where	 First	 Nations	 people	 have	 lived	 for	 thousands	 of
years.	 In	 the	 1970s,	 the	 town	 was	 reborn	 as	 a	 whitewater	 rafting
mecca	due	to	its	proximity	to	the	spectacular	flow	of	water	through



mecca	due	to	its	proximity	to	the	spectacular	flow	of	water	through

the	 black	 granite	 walls	 of	Thompson	 Canyon.	 On	 the	 third	 day	 of
the	 heat	 wave,	 temperatures	 in	 Lytton	 reached	 an	 unholy	 121
degrees.	Lorna	Fandrich	remembers	looking	out	the	window	at	the
Chinese	 history	 museum	 in	 town—an	 institution	 she	 and	 her
husband	 founded	 to	 commemorate	 and	 honor	 the	 Chinese
workers	who	built	 the	railroad	and	worked	 in	the	mining	camps—
and	seeing	leaves	dropping	off	a	tree,	as	if	it	were	an	autumn	day,
though	 it	 was	 only	 June.	 “I	 thought,	How	strange,”	 she	 said	 later.
Then	wind	kicked	up	and	a	spark	jumped	out	from	the	steel	wheel
of	 a	 passing	 freight	 train.	 Within	 minutes,	 the	 town	 was	 aflame.
Mayor	Jan	Polderman	raced	his	Honda	minivan	through	the	village,
begging	 skeptical	 residents	 to	 flee.	 He	 picked	 up	 one	 of	 the	 last
stragglers,	a	man	running	down	a	road	with	his	cat	in	a	cage.

Jeff	Chapman,	who	lived	with	his	parents	outside	of	town,	was
just	 starting	 to	 cook	 dinner	 when	 he	 saw	 the	 smoke	 and	 fire
approaching.	“Ten	minutes	later,	our	house	was	fully	engulfed,”	he
said.	“There	was	nothing	we	could	do.	We	had	nowhere	to	go.”	As
the	 blaze	 swallowed	 the	 house	 and	 the	 trees	 around	 it,	 Chapman
rushed	his	parents,	who	were	both	in	their	sixties,	into	a	trench	that
had	been	dug	a	few	days	earlier	to	repair	a	septic	system.	It	wasn’t
big	 enough	 for	 all	 three	 of	 them,	 so	 he	 grabbed	 a	 sheet	 of	 metal
roofing	nearby	and	laid	it	over	them.	Then	he	took	refuge	on	some
nearby	railroad	tracks,	hoping	the	fire	would	pass.

That’s	 when	 the	 power	 line	 crashed	 down	 across	 the	 trench
where	his	parents	were	sheltering.	“I	knew	my	parents	were	in	that
hole	 and	 I’m	 watching	 the	 house	 burn	 and	 I’m	 thinking,	 Oh	 my
God.”	Chapman	survived	the	inferno.	His	parents	did	not.

A	 few	 days	 later,	 as	 if	 by	 some	 miracle,	 it	 was	 blue	 skies	 and
cool	 weather	 again	 in	 Lytton.	 The	 entire	 town	 was	 smoldering,
burned	to	the	ground.	A	few	pieces	of	porcelain	pottery	survived	in
the	ashes	of	the	Chinese	history	museum.	Douglas	fir	trees	on	the
edge	of	town	looked	like	black	spears.	There	was	grief	and	horror
about	what	had	happened,	and	vows	to	rebuild.	Meanwhile,	out	on
the	 coast,	 limp	 starfish	 and	 the	 shells	 of	 mussels	 and	 clams
washed	 ashore	 by	 the	 millions.	 Chris	 Harley,	 a	 zoologist	 at	 the
University	 of	 British	 Columbia,	 estimated	 that	 the	 three-day	 heat



University	 of	 British	 Columbia,	 estimated	 that	 the	 three-day	 heat

wave	killed	more	than	a	billion	sea	creatures.
But	 as	 June	 came	 and	 went	 and	 summer	 turned	 to	 fall,	 life

went	back	to	normal,	and	the	memory	of	the	heat	wave	faded,	as
memories	 of	 heat	 waves	 always	 do,	 until	 they	 become	 like	 the
fleeting	images	of	a	nightmare	you’re	not	quite	sure	you	had.	Or	a
future	you	don’t	want	to	imagine.

You	 probably	 think	 of	 heat	 on	 a	 temperature	 scale,	 either
Fahrenheit	 or	 Celsius.	 You	 think	 of	 it	 as	 a	 gradual,	 linear	 thing,	 a
quality	 of	 the	 air	 around	 you	 that	 moves	 up	 and	 down	 in
increments,	 or	 that	 can	 be	 controlled	 by	 a	 thermostat.	 Seventy
degrees	 is	 a	 little	 hotter	 than	 68	 degrees,	 which	 is	 a	 little	 hotter
than	 65	 degrees.	 The	 change	 of	 seasons	 also	 plays	 into	 this
incremental	 perception	 of	 heat—winter	 gradually	 warms	 into
spring,	 spring	 into	 summer.	 Yes,	 there	 are	 some	 days	 that	 are
noticeably	 hotter	 or	 colder	 than	 others,	 but	 we	 crank	 up	 the	 air-
conditioning	or	throw	on	a	sweater.	We	trust	it	will	pass	and	things
will	return	to	normal.	Temperature	is	a	merry-go-round	that	we	are
used	to	riding.

This	 sense	 of	 incrementalism	 also	 holds	 true	 with	 the	 climate
crisis.	The	Earth	is	getting	hotter	due	to	the	burning	of	fossil	fuels.
This	is	a	simple	truth,	as	clear	as	the	moon	in	the	night	sky.	So	far,
thanks	to	250	years	of	hell-bent	fuel	consumption,	which	has	filled
the	 atmosphere	 with	 heat-trapping	 carbon	 dioxide	 (CO2),	 global
temperatures	have	risen	by	2.2	degrees	since	the	preindustrial	era
and	are	on	track	to	warm	by	6	degrees	or	more	by	the	end	of	the
century.	The	more	oil,	gas,	and	coal	we	burn,	the	hotter	it	will	get.

Right	 now	 we’re	 more	 than	 halfway	 to	 3.6	 degrees	 (2	 degrees
Celsius)	 of	 warming	 from	 preindustrial	 temperatures,	 which
scientists	have	long	warned	is	the	threshold	for	dangerous	climate
change.	 The	 reports	 of	 the	 UN’s	 Intergovernmental	 Panel	 on
Climate	Change	are	full	of	harrowing	details	of	what	might	happen
to	 our	 world	 with	 3.6	 degrees	 of	 warming,	 from	 collapsing	 ice
sheets	 to	 crop-killing	 drought.	 But	 to	 nonscientists—which	 is	 to
say,	most	humans	on	the	planet—3.6	degrees	of	warming	does	not



say,	most	humans	on	the	planet—3.6	degrees	of	warming	does	not

sound	dangerous	at	all.	Who	can	tell	the	difference	between	a	77-
degree	day	and	an	81-degree	day?	Then	there	are	folks	who	argue
that	 extreme	 cold	 kills	 people	 and	 causes	 all	 kinds	 of	 weather-
related	 problems	 too	 so	 maybe	 a	 hotter	 world	 isn’t	 such	 a	 bad
thing	 after	 all.2	 Even	 the	 phrase	 “global	 warming”	 sounds	 gentle
and	soothing,	as	if	the	most	notable	impact	of	burning	fossil	fuels
will	be	better	beach	weather.

The	 difficulty	 of	 understanding	 the	 consequences	 of	 heat	 is
amplified	 by	 conventional	 notions	 of	 what	 it	 means	 to	 be	 hot.	 In
pop	 culture,	 hot	 is	 sexy.	 Hot	 is	 cool.	 Hot	 is	 new.	Websites	 publish
“hot	 lists”	 of	 the	 latest	 books,	 movies,	 TV	 shows,	 and	 actors.
Facebook	started	 in	Mark	Zuckerberg’s	Harvard	dorm	as	a	hot-or-
not	 website	 called	 FaceMash,	 which	 ranked	 the	 attractiveness	 of
Harvard	women.	Heat	is	an	expression	of	passion—you	feel	hot	for
the	guy	at	the	bar	or	engage	him	in	a	heated	debate.	A	person	who
is	 quick	 to	 anger	 is	 hot-blooded.	 Near	 the	 house	 where	 I	 live	 in
Austin	 is	a	gym	called	Heat	Bootcamp.	Here,	sweat	 is	purifying,	a
sign	 of	 inner	 strength	 (a	 throwback	 to	 medieval	 times,	 perhaps,
when	 heat	 was	 linked	 to	 masculinity	 through	 what	 philosopher
Thomas	 Aquinas	 called	 “the	 elemental	 heat	 of	 the	 semen”).	 In
Miami,	 one	 of	 the	 hottest	 cities	 in	 the	 US,	 where	 heat	 is	 a	 lethal
threat	 to	 outdoor	 workers	 and	 where	 the	 city	 regularly	 floods	 due
to	rising	seas	caused	by	the	melting	 ice	sheets	of	Greenland	and
Antarctica,	the	basketball	team	is	named,	without	irony,	the	Miami
Heat.

In	 this	 book,	 my	 goal	 is	 to	 convince	 you	 to	 think	 about	 heat	 in	 a
different	 way.	 The	 kind	 of	 heat	 I’m	 talking	 about	 here	 is	 not	 an
incremental	bump	on	the	thermometer	or	the	slow	slide	of	spring
into	 summer.	 It	 is	 heat	 as	 an	 active	 force,	 one	 that	 can	 bend
railroad	 tracks	 and	 kill	 you	 before	 you	 even	 understand	 that	 your
life	 is	 at	 risk.	 Scientists	 don’t	 fully	 understand	 how	 fast	 this	 heat
can	 move	 or	 where	 it	 will	 appear	 next	 (until	 it	 happened,	 a	 killer
heat	wave	in	the	Pacific	Northwest	seemed	about	as	likely	as	snow
in	the	Sahara).	But	there	 is	one	thing	scientists	do	know:	this	 is	a

prologue.xhtml#fn0002fn


in	the	Sahara).	But	there	 is	one	thing	scientists	do	know:	this	 is	a

form	of	heat	that	has	been	unleashed	upon	us	through	the	burning
of	 fossil	 fuels.	 In	 this	 sense,	 extreme	 heat	 is	 an	 entirely	 human
artifact,	a	legacy	of	human	civilization	as	real	as	the	Great	Wall	of
China.

The	 amount	 of	 heat	 generated	 by	 our	 consumption	 of	 fossil
fuels	 is	difficult	to	grasp:	by	one	measure,	 the	ocean	absorbs	the
equivalent	 of	 the	 heat	 released	 from	 three	 nuclear	 bombs	 every
second.	And	 because	 CO2	 stays	 in	 the	 atmosphere	 for	 thousands
of	years,	it’s	not	going	to	cool	off	when	we	finally	stop	emitting	CO2

into	 the	 atmosphere.	 All	 that	 will	 do	 is	 stop	 the	 increase	 in
warming.	 It	 will	 not	 reverse	 it.	 Until	 we	 figure	 out	 a	 way	 to	 suck
massive	 amounts	 of	 CO2	 out	 of	 the	 sky,	 we	 will	 be	 stuck	 with	 a
hotter	planet.

This	heat	we	are	pumping	into	the	sky	is	the	prime	mover	of	the
climate	 crisis.	 The	 climate	 impacts	 you	 hear	 about	 most	 often,
from	 sea-level	 rise	 to	 drought	 to	 wildfires,	 are	 all	 second-order
effects	 of	 a	 hotter	 planet.	 The	 first-order	 effect	 is	 heat.	 It	 is	 the
engine	 of	 planetary	 chaos,	 the	 invisible	 force	 that	 melts	 the	 ice
sheets	 that	 will	 flood	 coastal	 cities	 around	 the	 world.	 It	 dries	 out
the	soil	and	sucks	the	moisture	out	of	trees	until	they	are	ready	to
ignite.	 It	 revs	 up	 the	 bugs	 that	 eat	 the	 crops	 and	 thaws	 the
permafrost	that	contains	bacteria	from	the	last	 ice	age.	When	the
next	 pandemic	 hits,	 the	 chances	 are	 good	 it	 will	 be	 caused	 by	 a
pathogen	that	leapt	from	an	animal	that	was	seeking	out	a	cooler
place	to	live.

As	a	force,	heat	is	mysterious	because	its	effects	are	both	slow
and	fast.	Think	of	parched	wheatfields,	slowly	dried	out	by	months
of	heat	that	pulls	moisture	out	of	the	ground	and	lifts	it	into	the	sky.
Then	think	of	heat	waves	that	are	the	cosmic	equivalent	of	a	bug
zapper	 that	 kills	 you	 before	 you	 understand	 what’s	 happening.
Extreme	 heat	 penetrates	 every	 living	 cell	 and	 melts	 them	 like	 a
Popsicle	 on	 a	 summer	 sidewalk.	 It	 reverses	 evolution,	 driving
entropy	 and	 disorder.	 It	 is	 the	 widening	 gyre	 that	 the	 poet	 W.	 B.
Yeats	 wrote	 about,3	 an	 extinction	 force	 that	 takes	 the	 universe
back	 to	 its	 messy	 beginnings.	 Before	 there	 was	 light,	 there	 was
heat.	It	is	the	origin	of	all	things	and	the	end	of	all	things.
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You	don’t	need	to	be	a	Hollywood	screenwriter	to	imagine	how	our
world	 will	 be	 changed	 by	 extreme	 heat.	 A	 few	 things	 are	 self-
evident.

As	 the	 temperature	 rises,	 it	 will	 drive	 a	 great	 migration—of
humans,	of	animals,	of	plants,	of	jobs,	of	wealth,	of	diseases.	They
will	 all	 seek	 out	 cooler	 ecological	 niches	 where	 they	 can	 thrive.
Some	will	 fare	better	than	others.	Robins	can	migrate	more	easily
than	elephants.	Poison	ivy	can	move	more	quickly	than	an	oak	tree.
Farmers	 who	 grow	 wheat	 have	 more	 options	 than	 farmers	 who
grow	 peaches.	 And	 some	 creatures	 have	 nowhere	 to	 go.	 Polar
bears	in	the	Arctic	can’t	migrate	farther	north.	Frogs	in	Costa	Rica
aren’t	going	to	hop	up	to	Canada.

Humans	are	better	off	than	many	plants	and	animals.	With	the
help	 of	 technology,	 we	 can	 adjust	 to	 a	 lot	 of	 things.	 As	 one
architect	 told	 me,	 “If	 you	 have	 enough	 money,	 you	 can	 engineer
your	way	out	of	anything.”	And	in	some	ways,	he’s	right.	 If	we	can
send	photos	through	the	air	and	drive	a	rover	around	on	Mars,	we
can	 design	 new	 ways	 to	 live	 in	 hot	 places.	 You	 can	 see	 it
happening	 right	 now	 in	 Paris	 and	 Los	 Angeles	 and	 many	 other
cities	 around	 the	 world,	 where	 shade	 trees	 are	 being	 planted	 and
streets	 painted	 white	 to	 deflect	 sunlight.	 Plant	 geneticists	 are
developing	new	strains	of	corn	and	wheat	and	soybeans	that	can
better	 tolerate	 high	 temperatures.	 Air-conditioning	 is	 becoming
cheaper	and	more	widely	used.	Communication	from	public	health
officials	 about	 how	 to	 protect	 yourself	 during	 a	 heat	 wave	 is
improving.	 Clothing	 companies	 are	 developing	 new	 high-tech
fabrics	to	reflect	away	sunlight	and	dissipate	heat	more	quickly.

But	even	for	the	wealthy	and	privileged,	adaptation	to	extreme
heat	 has	 its	 limits.	 And	 the	 notion	 that	 eight	 billion	 people	 are
going	 to	 thrive	 on	 a	 hotter	 planet	 by	 simply	 cranking	 up	 the	 air-
conditioning	 or	 seeking	 refuge	 under	 a	 pine	 tree	 is	 a	 profound
misunderstanding	 of	 the	 future	 we	 are	 creating	 for	 ourselves.	 In
western	 Pakistan,	 where	 only	 the	 richest	 of	 the	 rich	 have	 air-
conditioning,	it’s	already	too	hot	for	humans	several	weeks	a	year.
Planting	a	few	thousand	trees	is	not	going	to	save	them.	In	India,	I
talked	with	families	who	live	in	concrete	slums	that	are	so	hot	they
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burn	 their	 hands	 opening	 doors.	 Holy	 cities	 like	 Mecca	 and
Jerusalem,	 where	 millions	 gather	 on	 religious	 pilgrimages,	 are
caldrons	 of	 sweat.	 In	 the	 summer	 of	 2022,	 nine	 hundred	 million
people	 in	 China—63	 percent	 of	 the	 nation’s	 population—suffered
under	 a	 two-month-long	 extreme	 heat	 wave	 that	 killed	 crops	 and
sparked	wildfires.	“There	is	nothing	in	world	climatic	history	which
is	even	minimally	comparable	to	what	is	happening	in	China,”	one
weather	historian	declared.

In	a	world	of	heat-driven	chaos,	heat	exposes	deep	fissures	of
inequity	 and	 injustice.	 Poverty	 equals	 vulnerability.	 If	 you	 have
money,	you	can	turn	up	the	air-conditioning,	stock	up	on	food	and
bottled	 water,	 and	 install	 a	 backup	 generator	 in	 case	 there’s	 a
blackout.	 If	 things	 get	 bad	 enough,	 you	 can	 sell	 your	 house	 and
move	 to	 a	 cooler	 place.	 If	 you’re	 poor,	 on	 the	 other	 hand,	 you
swelter	 in	 an	 uninsulated	 apartment	 or	 trailer	 with	 no	 air-
conditioning	or	an	old,	inefficient	machine	that	you	can’t	afford	to
run.	 You	 can’t	 move	 somewhere	 cooler	 because	 you’re	 afraid	 of
losing	your	job	and	you	don’t	have	the	savings	to	start	over.	“We’re
all	 in	 the	 storm,	 but	 we’re	 not	 in	 the	 same	 boat,”	 Heather	 McTeer
Toney,	 the	 former	 mayor	 of	 Greenville,	 Mississippi,	 said	 during
testimony	 before	 the	 US	 Congress.	 “Some	 of	 us	 are	 sitting	 on
aircraft	carriers	while	others	are	just	bobbing	along	on	a	floatie.”

Researchers	 at	 Dartmouth	 College	 estimate	 that	 since	 the
1990s,	extreme	heat	waves	amped	up	by	climate	change	have	cost
the	global	economy	$16	trillion.	Heat	lowers	children’s	test	scores
and	 raises	 the	 risk	 of	 miscarriage	 in	 pregnant	 women.	 Prolonged
exposure	 increases	 death	 rates	 from	 heart	 and	 kidney	 disease.
When	 people	 are	 stressed	 by	 heat,	 they	 are	 more	 impulsive	 and
prone	 to	 conflict.	 Racial	 slurs	 and	 hate	 speech	 in	 social	 media
spike.	Suicides	rise.	Gun	violence	increases.	There	are	more	rapes
and	more	violent	crime.	In	Africa	and	the	Middle	East,	studies	have
found	a	link	between	higher	temperatures	and	the	outbreak	of	civil
war.

The	harshest	truth	about	life	on	a	superheated	planet	is	this:	as
temperatures	 rise,	 a	 lot	 of	 living	 things	 will	 die,	 and	 that	 may
include	 people	 you	 know	 and	 love.	 A	 study	 in	 The	 Lancet,	 a
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prestigious	 medical	 journal,	 estimated	 that	 489,000	 people
worldwide	died	from	extreme	heat	in	2019.	That’s	far	more	than	all
other	 natural	 disasters	 combined,	 including	 hurricanes	 and
wildfires.	 It	 is	 also	 more	 than	 the	 number	 of	 deaths	 from	 guns	 or
illegal	 drugs.	 And	 those	 are	 only	 the	 deaths	 that	 are	 directly
attributable	 to	 heat.	 There	 are	 also	 deaths	 caused	 by	 the	 heat-
related	 amplification	 of	 ground-level	 ozone	 pollution	 (aka	 smog),
or	 the	smoke	from	wildfires	 in	desiccated	forests.	The	smoke	can
drift	 thousands	 of	 miles,	 lofting	 tiny	 particulates	 into	 the
atmosphere.	 When	 you	 inhale	 them,	 they	 can	 trigger	 a	 variety	 of
health	 problems,	 from	 asthma	 to	 heart	 attacks.	 The	 toll	 is
enormous:	 globally,	 between	 260,000	 and	 600,000	 people	 die
each	 year	 inhaling	 smoke	 from	 wildfires.	 Smoke	 pollution	 doesn’t
only	kill	people	near	fires	either.	Wildfires	in	western	Canada	have
been	 directly	 linked	 to	 spikes	 in	 hospitalizations	 three	 thousand
miles	away	on	the	East	Coast	of	the	US.

Earth’s	history	is	full	of	wild	temperature	swings,	driven	by	volcanic
eruptions,	meteor	strikes,	and	geologic	mayhem.	There	have	been
palm	 trees	 in	 the	 Arctic	 and	 two	 thousand	 feet	 of	 ice	 over	 New
York	 City.	 But	 for	 the	 last	 three	 million	 years	 or	 so,	 while	 humans
evolved,	 the	 climate	 has	 been	 relatively	 stable.	 Stable	 enough,
anyway,	that	our	ancestors	could	migrate,	adapt,	and	thrive.

But	those	days	may	be	over.	The	last	time	the	Earth	was	hotter
than	 it	 is	 today	 was	 at	 least	 125,000	 years	 ago,	 long	 before
anything	that	resembled	human	civilization	appeared.	Since	1970,
the	Earth’s	temperature	has	spiked	faster	than	in	any	comparable
forty-year	period	in	recorded	history.	The	eight	years	between	2015
and	 2022	 were	 the	 hottest	 on	 record.	 In	 2022,	 850	 million	 people
lived	 in	 regions	 that	 experienced	 all-time	 high	 temperatures.
Globally,	 killer	 heat	 waves	 are	 becoming	 longer,	 hotter,	 and	 more
frequent.	One	recent	study	found	that	a	heat	wave	like	the	one	that
cooked	the	Pacific	Northwest	is	150	times	more	likely	today	than	it
was	 before	 we	 began	 loading	 the	 atmosphere	 with	 CO2	 at	 the
beginning	 of	 the	 industrial	 age.	 The	 ocean,	 which	 hundreds	 of
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millions	of	people	depend	on	for	their	food	supply	and	which	has	a
big	 influence	 on	 weather,	 was	 the	 hottest	 ever	 recorded	 in	 2022.
Even	 Antarctica,	 the	 coldest	 place	 on	 Earth,	 is	 not	 immune.	 In
March	 of	 2022,	 a	 heat	 wave	 invaded	 the	 ice-bound	 continent,
pushing	temperatures	seventy	degrees—seventy	degrees!—above
normal.

Extreme	 heat	 is	 remaking	 our	 planet	 into	 one	 in	 which	 large
swaths	may	become	inhospitable	to	human	life.	One	recent	study
projected	that	over	the	next	fifty	years,	one	to	three	billion	people
will	 be	 left	 outside	 the	 climate	 conditions	 that	 gave	 rise	 to
civilization	 over	 the	 last	 six	 thousand	 years.	 Even	 if	 we	 transition
fairly	quickly	to	clean	energy,	half	of	the	world’s	human	population
will	 be	 exposed	 to	 life-threatening	 combinations	 of	 heat	 and
humidity	by	2100.	Temperatures	in	parts	of	the	world	could	rise	so
high	 that	 just	 stepping	 outside	 for	 a	 few	 hours,	 another	 study
warned,	“will	result	in	death	even	for	the	fittest	of	humans.”

Life	 on	 Earth	 is	 like	 a	 finely	 calibrated	 machine,	 one	 that	 has
been	 built	 by	 evolution	 to	 work	 very	 well	 within	 its	 design
parameters.	 Heat	 breaks	 that	 machine	 in	 a	 fundamental	 way,
disrupting	how	cells	function,	how	proteins	unfold,	how	molecules
move.	Yes,	some	organisms	can	thrive	in	higher	temperatures	than
others.	 Roadrunners	 do	 better	 than	 blue	 jays.	 Silver	 Saharan	 ants
run	 across	 superhot	 desert	 sands	 that	 would	 kill	 other	 insects
instantly.	 Microbes	 live	 in	 170-degree	 hot	 springs	 in	 Yellowstone
National	 Park.	A	 thirty-year-old	 triathlete	 can	 handle	 a	 110-degree
day	 better	 than	 a	 seventy-year-old	 man	 with	 heart	 disease.	 And
yes,	 we	 humans	 are	 remarkable	 creatures	 with	 a	 tremendous
capacity	to	adapt	and	adjust	to	a	rapidly	changing	world.

But	extreme	heat	is	a	force	beyond	anything	we	have	reckoned
with	 before.	 It	 may	 be	 a	 human	 creation,	 but	 it	 is	 godlike	 in	 its
power	 and	 prophecy.	 Because	 all	 living	 things	 share	 one	 simple
fate:	if	the	temperature	they’re	used	to—what	scientists	sometimes
call	their	Goldilocks	Zone—rises	too	far,	too	fast,	they	die.



Footnotes
1	Unless	otherwise	noted,	all	temperature	references	in	this	book	are	in	Fahrenheit.
2	For	more	about	extreme	heat	vs.	extreme	cold	mortality,	see	note	on	p.	329.
3	The	 opening	 lines	 of	 Yeats’	 “The	 Second	 Coming,”	 written	 in	 1919,	 soon	 after	 the	 end	 of	World
War	I:	“Turning	and	turning	in	the	widening	gyre/	The	falcon	cannot	hear	the	falconer/Things	fall

apart;	the	centre	cannot	hold”	
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1.	A	CAUTIONARY	TALE

WHEN	THE	 BABYSITTER	arrived	to	take	care	of	Miju	at	around	11	a.m.	on
Monday,	 August	 16,	 2021,	 she	 was	 surprised	 to	 find	 the	 house
empty.	 Miju	 was	 the	 one-year-old	 daughter	 of	 Jonathan	 Gerrish
and	Ellen	Chung,	who	had	recently	fled	the	Bay	Area	to	start	a	new
life	in	California’s	Sierra	Nevada	foothills,	not	far	from	the	old	Gold
Rush	town	of	Mariposa.	Their	modern	three-bedroom	house	sat	on
ten	acres	of	lightly	forested	land.	It	had	wood	floors	and	a	big	stone
chimney	 and	 tall	 rectangular	 windows	 that	 looked	 over	 a	 rugged
treeless	 canyon	 called	 Devil’s	 Gulch.	 From	 the	 second-floor
bedroom,	 you	 could	 just	 see	 the	 top	 of	 El	 Capitan,	 the	 iconic
granite	formation	in	Yosemite	Valley,	about	thirty-five	miles	to	the
east.	The	house	was	their	refuge	from	the	hustle	of	Silicon	Valley,
where	 Gerrish	 worked	 as	 a	 software	 engineer	 at	 Snapchat,	 the
instant	messaging	app	company.

The	babysitter,	who	had	a	key,	let	herself	in	and	called	out	their
names.	No	response.	It	had	been	a	hot	weekend,	but	the	inside	of
the	house	was	cool,	thanks	to	the	air	conditioner,	which	was	going
strong.	 Oddly,	 Chung	 and	 Gerrish	 had	 left	 behind	 their	 wallets.
Even	 more	 confusing,	 the	 diaper	 bag	 that	 the	 couple	 always	 took
with	them	was	there.

The	 babysitter	 had	 last	 seen	 them	 the	 previous	 Friday	 when
she	had	finished	straightening	up	the	house.	That	evening,	Chung
had	 happily	 texted	 her	 a	 video	 of	 Miju	 starting	 to	 walk.	 She	 had
made	 no	 mention	 of	 plans	 to	 be	 away	 that	 Monday.	 Gerrish	 and
Chung,	who	doted	on	Miju	and	seemed	deliriously	happy	with	their
new	 life	 in	 the	 Sierra	 foothills,	 were	 not	 the	 kind	 of	 people	 who
would	disappear	for	a	last-minute	road	trip	to	Las	Vegas.

Worried,	 the	 babysitter	 called	 the	 construction	 manager	 who
was	 working	 with	 Gerrish	 on	 another	 home	 he	 owned,	 and	 whom
she	 knew	 was	 in	 frequent	 contact	 with	 him.	 The	 construction
manager	 was	 not	 initially	 concerned	 because	 Chung	 and	 Gerrish
were	a	“very	active	family,”	an	investigator	later	wrote	in	the	police
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report.	Nevertheless,	the	babysitter	and	the	construction	manager
started	making	calls	and	sending	texts	to	friends,	asking	if	anyone
had	 seen	 the	 couple.	 Steve	 Jeffe,	 a	 friend	 who	 lived	 in	 Mariposa,
posted	on	Facebook:	“Hi,	please	has	anyone	been	in	contact	with
Jonny	 Gerrish	 or	 Ellen	 Chung	 in	 the	 last	 two	 days…	 Please.”	 By	 5
p.m.	that	day,	several	friends	began	driving	around	looking	for	the
family.	At	11	p.m.,	they	called	the	Mariposa	County	sheriff.

A	few	hours	later,	a	deputy	sheriff	found	Gerrish’s	truck	at	the
Hites	 Cove	 trailhead	 a	 few	 miles	 from	 their	 home.	 By	 4	 a.m.,	 a
search	and	rescue	team	was	on	the	scene.	They	headed	down	the
trail	 in	 an	 ATV,	 flashlights	 cutting	 through	 the	 darkness.	 They
radioed	back	that	they	had	found	tracks	on	the	trail.	But	when	they
followed	 the	 tracks	 down	 to	 the	 Merced	 River,	 the	 tracks
disappeared.	 By	 that	 time,	 the	 sun	 was	 rising.	 A	 helicopter	 was
called	in.	More	search	and	rescue	teams	arrived.	One	team	headed
down	 a	 steep	 trail	 with	 numerous	 switchbacks	 toward	 the	 river.
They	were	a	mile	and	a	half	down	the	trail	when,	at	about	9:30	a.m.,
they	 discovered	 the	 bodies	 of	 Gerrish,	 Miju,	 and	 their	 dog,	 Oski.
Gerrish	was	in	a	seated	position,	with	Miju	and	Oski	beside	him.

At	 first,	 the	 search	 and	 rescue	 team	 saw	 no	 sign	 of	 Chung.
About	 a	 half	 hour	 later,	 a	 deputy	 walking	 back	 up	 the	 trail	 from
where	 Gerrish	 was	 found	 noticed	 “some	 disturbed	 dirt	 on	 the
uphill	 side	 of	 the	 trail	 that	 appeared	 that	 something	 or	 someone
had	tried	to	go	up	the	hill.”	He	spotted	a	shoe,	then	Chung’s	body.
Investigators	would	later	conclude	that	the	family	had	been	hiking
up	the	trail	when	they	died.	The	location	of	Chung’s	body	indicated
that	she	had	abandoned	the	trail	and	was	climbing	straight	up	the
mountainside—a	 sign,	 investigators	 believed,	 of	 the	 urgency	 of
their	situation	and	her	desperate	attempt	to	reach	their	truck.

But	even	if	Chung	had	made	it	to	the	truck,	she	might	not	have
been	 able	 to	 get	 in.	 During	 a	 search	 of	 the	 area,	 investigators
discovered	a	Ford	key	fob	on	the	trail	about	a	hundred	feet	below
Gerrish’s	body.	Had	it	accidentally	fallen	out	of	his	pocket?	Or	did
he	have	it	in	his	hand	and	drop	it	and	not	realize	it—perhaps	a	sign
that	he	had	been	panicked	or	disoriented?

Rescuers	found	no	signs	of	foul	play.	No	marks	on	the	bodies,
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no	 obvious	 signs	 of	 struggle.	 Because	 of	 the	 remote	 location	 and
the	 difficulty	 of	 the	 terrain,	 the	 bodies	 could	 not	 be	 removed
immediately.	 Instead,	 two	 deputies	 spent	 the	 night	 at	 the	 scene,
guarding	 the	 bodies	 from	 bears	 and	 coyotes.	The	 next	 morning,	 a
California	Highway	Patrol	helicopter	airlifted	the	family	off	the	trail.

Gerrish	and	Chung	had	moved	to	Mariposa	about	a	year	and	a	half
earlier,	 just	 before	 Miju,	 their	 first	 child,	 was	 born.	They	 had	 been
living	 in	 San	 Francisco,	 where	 Chung	 taught	 yoga	 while	 finishing
her	 degree	 in	 counseling	 psychology,	 and	 Gerrish	 wrangled
computer	 code	 at	 Snapchat.	 But	 then	 Miju	 came	 along	 and	 the
Covid-19	 pandemic	 erupted	 and	 they	 needed	 a	 change.	 They
decided	they	wanted	to	get	out	of	the	city	and	raise	Miju	closer	to
nature.	 Mariposa,	 which	 is	 just	 an	 hour	 outside	 the	 entrance	 to
Yosemite	National	Park,	was	an	ideal	mix	of	wilderness	and	charm.
“They	fell	 in	love	with	the	Mariposa	area,”	one	friend	of	the	family
said.

Gerrish	 was	 born	 in	 Grimsby,	 an	 old	 fishing	 port	 in	 the
northeast	 of	 England,	 where	 his	 father	 was	 an	 elementary	 school
teacher	 and	 his	 mother	 a	 receptionist	 in	 a	 doctor’s	 office.	 His
brother	Richard,	who	was	two	years	younger,	recalled	their	mother
and	father	dragging	them	on	long	walks	when	they	were	kids.	“My
brother	 and	 I	 built	 dams	 across	 mountain	 streams	 and	 played
manhunt	(a	more	exciting	version	of	hide	and	seek)	in	the	woods,”
Richard	 wrote	 in	 an	 essay	 about	 his	 childhood.	 “But	 usually	 we
ended	 up	 complaining	 about	 the	 distance	 we	 walked	 and	 crying
because	 I	 was	 tired,	 hungry	 and	 my	 feet	 were	 sore.”	 After	 high
school,	 Gerrish	 attended	 Newcastle	 University,	 majoring	 in
computer	 science.	 He	 worked	 for	 a	 few	 software	 companies	 in
England,	then	got	a	job	with	Google	in	London.	When	the	company
offered	 him	 the	 chance	 to	 move	 to	 California,	 he	 jumped	 at	 it.
“Jonny	 was	 somewhat	 awkward	 in	 his	 own	 skin	 growing	 up,”
Richard	told	me.	“When	he	moved	to	San	Francisco,	he	found	his
people.	He	loved	it	there.”

Gerrish	 was	 six	 foot	 four	 and	 a	 bit	 shaggy,	 with	 a	 beard	 and
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longish	 hair	 that	 looked	 like	 a	 comb	 had	 never	 run	 through	 it.	 He
wore	Vans	and	supported	Greenpeace	and	listened	to	techno	and
deep	house	music.	Burning	Man,	the	clothing-optional	psychedelic
super-rave	 that	 is	 held	 in	 the	 Nevada	 desert	 during	 the	 late
summer,	 was	 his	 most	 holy	 holiday.	 His	 friends	 (of	 whom	 there
were	 many)	 called	 him	 Jonny,	 a	 name	 that	 captured	 his	 boyish
enthusiasm	 and	 charm.	 “You	 don’t	 see	 many	 men	 happier	 than
Jonny,”	a	friend	told	me.

Chung	 grew	 up	 in	 Orange,	 California,	 and	 graduated	 from
University	 of	 California,	 Berkeley	 in	 2012.	 Her	 parents	 had
immigrated	from	South	Korea	in	the	1970s	and	eventually	opened	a
successful	restaurant	in	Orange.	After	graduation,	she	worked	for	a
few	years	in	marketing	at	a	tech	company	but	decided	she	wanted
a	 change.	 She	 enrolled	 in	 classes	 at	 the	 California	 Institute	 of
Integral	Studies,	a	private	university	in	San	Francisco	with	roots	in
Eastern	 culture	 and	 philosophy,	 where	 she	 discovered	 she	 was
drawn	to—and	good	at—helping	people	talk	about	their	problems.
She	 wore	 stylish	 straw	 hats	 and	 loved	 the	 way	 the	 light	 filtered
through	 the	 redwoods	 on	 the	 California	 coast	 and	 the	 long,	 open
vistas	at	Zion	National	Park	in	Utah.

Gerrish	and	Chung	both	doted	on	Miju.	You	can	see	it	in	every
photo	 of	 them	 together,	 the	 big	 beaming	 happy-father	 smile	 on
Gerrish’s	face,	the	joy	and	new-mother	exhaustion	on	Chung’s.	And
Miju,	 waking	 up	 to	 the	 world,	 her	 eyes	 wide.	 She	 was	 just
beginning	to	walk,	to	track	birds	flying	across	the	sky,	to	take	in	all
the	wonders	around	her.	Gerrish	and	Chung	were	protective	of	their
young	daughter,	and	careful	about	her	surroundings.	At	one	point,
they	 asked	 a	 local	 contractor	 to	 make	 their	 daughter’s	 bedroom
cooler	because	it	was	“too	stuffy.”

The	day	before	their	hike,	Gerrish	mapped	out	the	route	using
the	 AllTrails	 app	 on	 his	 Google	 Pixel	 4.	 The	 app	 helps	 users	 find
local	trails,	giving	maps	and	elevations,	as	well	as	a	place	for	other
hikers	 to	 leave	 comments.	 Gerrish	 had	 logged	 sixteen	 hikes	 in
2021,	 most	 of	 them	 three	 or	 four	 miles	 long,	 all	 of	 them	 in	 the
mountains	and	canyons	near	his	house.

The	hike	he	planned	for	his	family	was	not	a	remote	wilderness
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adventure.	 It	 started	 at	 a	 trailhead	 a	 few	 minutes’	 drive	 from	 their
house	and	ended	at	the	top	of	Devil’s	Gulch,	which	was	practically
in	 their	 front	 yard.	 The	 trail	 went	 along	 a	 ridge,	 then	 down	 fairly
steeply	to	the	south	fork	of	the	Merced	River,	which	flowed	out	of
Yosemite	 and	 through	 the	 canyons	 toward	 Mariposa.	 The	 trail
wandered	along	the	flat	ground	on	the	banks	of	the	river	for	about
three	 miles.	 From	 there,	 Gerrish	 plotted	 a	 right	 turn,	 which	 would
take	 them	 on	 a	 steep	 2,300-foot	 climb	 through	 Devil’s	 Gulch	 and
back	to	their	truck.	All	in	all,	it	was	an	eight-mile	loop.

Gerrish	 loved	 nature,	 but	 he	 was	 not	 a	 serious	 outdoorsman.
His	 brother	 Richard,	 who	 now	 lives	 in	 Scotland	 with	 his	 wife	 and
four	 children,	 had	 spent	 years	 as	 an	 Outward	 Bound	 leader,
guiding	teenagers	on	adventures	 into	the	wilderness.	Richard	had
also	 rappelled	 into	 some	 of	 the	 deepest	 caves	 in	 the	 world
(including	one	in	Austria	called	Fit	for	Insane	Worms	and	Geckos).
Gerrish,	 in	 contrast,	 was	 more	 of	 a	 weekend	 adventurer.	 The
construction	manager	who	worked	with	him	renovating	one	of	his
houses	 called	 Gerrish	 and	 Chung	 “city	 folk,”	 pointing	 out	 that
Gerrish	 would	 go	 to	 the	 store	 and	 get	 firewood	 rather	 than
chopping	his	own.

As	it	happened,	Gerrish	called	Richard	the	day	before	the	hike
for	 some	 parenting	 advice.	 Gerrish	 mentioned	 to	 his	 brother	 that
he	 had	 been	 out	 exploring	 the	 property	 that	 day	 and	 that	 it	 had
been	unusually	hot.	Gerrish	also	mentioned	that	he	was	planning	a
family	hike	the	next	day	to	scout	out	possible	swimming	holes	on
the	 Merced	 River.	 Richard,	 who	 was	 well	 aware	 of	 the	 dangers	 of
hiking	in	the	heat,	cautioned	his	brother,	telling	him	to	carry	plenty
of	water	and	get	an	early	start.	Gerrish	agreed,	and	promised	they
would	be	off	the	trail	before	it	got	too	hot.

On	Sunday	morning,	Gerrish	and	Chung	were	up	at	dawn.	They
skipped	 breakfast	 and	 gathered	 up	 their	 gear:	 hiking	 poles,	 baby
carrier,	diapers	and	sippy	cup	for	Miju,	and	a	leash	for	eight-year-
old	 Oski,	 a	 big	 strong	 dog	 that	 was	 part	Akita.	 For	 drinking	 water,
Chung	 carried	 an	 Osprey	 hydration	 pack,	 which	 held	 85	 ounces
(about	two	and	a	half	quarts)	of	water.	Gerrish	wore	dark	shorts,	a
yellow	T-shirt,	and	tennis	shoes.	Chung	wore	hiking	boots,	spandex
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shorts,	and	a	yellow	tank	top.	They	woke	up	Miju	and	dressed	her
in	 a	 short-sleeved	 onesie	 and	 pink	 shoes.	 Then	 they	 loaded
everything	into	their	2020	gray	Ford	Raptor,	an	off-road	version	of
the	 F-150	 pickup,	 and	 headed	 out	 for	 the	 five-minute	 drive	 to	 the
trailhead.

At	about	7:30	a.m.,	a	woman	walking	her	dogs	along	Hites	Cove
Road,	which	was	not	much	more	than	a	narrow	dirt	track,	saw	their
truck	 drive	 past	 and	 park	 at	 the	 trailhead.	 Gerrish	 took	 their	 first
selfie	of	the	family	on	the	trail	at	7:44	a.m.	The	temperature	was	in
the	 midseventies,	 not	 humid,	 a	 warm	 but	 lovely	 morning.	 Under
normal	 conditions,	 Gerrish	 might	 well	 have	 calculated	 that	 the
eight-mile	loop	might	take	four	or	five	hours	to	complete.	If	all	went
well,	they	would	be	off	the	trail	by	1	p.m.,	just	as	the	afternoon	sun
began	to	blaze.

The	Sierra	foothills	are	still	marked	by	the	California	Gold	Rush	of
the	1850s	and	1860s.	You	see	piles	of	old	tailings	along	the	rivers,
abandoned	 mining	 shacks	 and	 sluices.	 In	 the	 Mariposa	 area,
quartz	 veins—the	 geological	 homeland	 of	 gold—run	 twelve	 feet
thick	through	the	mountains.	Hites	Cove,	where	Gerrish	and	Chung
were	hiking,	was	once	a	mining	camp	with	over	a	hundred	people.
Gold	 Rush	 fever	 is	 long	 gone,	 but	 you	 still	 occasionally	 run	 into
prospectors	 with	 metal	 detectors	 wandering	 through	 the	 area.
These	 days,	 most	 hikers	 come	 for	 the	 spring	 wildflowers,
especially	 the	 spectacular	 fields	 of	 orange	 California	 poppies,
which	 thrive	 in	 hot,	 dry,	 rocky	 soil.	 While	 hiking,	 you	 might	 see	 a
bear,	bobcat,	or	coyote	(or,	more	likely,	their	scat).	At	the	bottom	of
the	canyon,	big	rainbow	trout	rest	in	the	deep	pools	and	eddies	of
the	Merced.

In	 recent	 years,	 climate-driven	 heat	 and	 drought	 have	 turned
the	 area	 into	 a	 tinderbox.	The	 area	 was	 badly	 burned	 in	 the	 2018
Ferguson	Fire,	which	consumed	almost	a	hundred	thousand	acres
and	 forced	 Yosemite	 National	 Park	 to	 close	 for	 the	 first	 time	 in
decades.	Two	firefighters	died.	The	fire,	caused	by	a	spark	from	the
catalytic	 converter	 of	 a	 vehicle,	 turned	 the	 dry	 grass	 and	 bark-
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beetle-infested	 trees	 into	 an	 inferno.	 In	 the	 three	 years	 since	 the
fires,	wildflowers	had	returned	and	a	few	saplings	were	rising	out
of	the	rocky	soil,	but	most	of	the	trees	were	charred	sticks	poking
up	at	the	sky	and	offering	little	shade	for	hikers	or	wildlife	on	a	hot
afternoon.

Even	before	the	2018	fire,	the	trail	that	Gerrish	had	selected	for
the	 hike	 was	 a	 risky	 choice.	 The	 steep	 ascent	 out	 of	 the	 canyon
was	 along	 a	 southeastern-facing	 slope,	 which	 meant	 it	 was
exposed	 to	 the	 full	 brutality	 of	 the	 sun.	 “It’s	 a	 horrible	 trail,”	 one
local	 wrote	 on	 social	 media.	 “With	 the	 poison	 oak,	 rattlesnakes,
and	potential	for	broken	ankles,	it	just	isn’t	worth	it.”	Another	local,
who	 hiked	 the	 trail	 on	 a	 mild	 spring	 day,	 praised	 the	 wildflowers
blooming	on	the	mountainside,	but	noted	that	 it	was	dangerously
exposed:	“I	wouldn’t	want	to	do	this	[hike]	on	a	hot	day.”

For	 Gerrish	 and	 his	 family,	 the	 hike	 started	 off	 easy.	 The	 first
two	miles	were	mostly	downhill.	The	morning	sun	would	have	felt
good,	 the	 light	 slanting	 across	 the	 mountains.	 It	 only	 took	 them	 a
little	 over	 an	 hour	 to	 get	 to	 the	 river,	 where	 they	 stopped	 to	 take
another	family	selfie	at	9:05	a.m.	They	rambled	along	the	river	for
the	next	hour	and	a	half,	where	they	may	well	have	stopped	for	a
drink	from	their	hydration	pack	and	even	doused	their	hands	and
faces	in	the	cool	river	water.

At	10:29	a.m.,	they	took	a	final	family	selfie	along	the	river,	then
began	the	climb.	It	had	been	three	hours	since	they	left	the	truck.
The	temperature	had	risen	to	nearly	100	degrees	and	it	was	getting
hotter	 with	 each	 passing	 minute.	The	 recently	 burned	 trees	 along
the	 steep	 trail	 were	 black	 and	 leafless.	 The	 tall	 grass	 was
sunburned	to	a	golden,	crispy	brown,	like	straw.

If	there	is	one	idea	in	this	book	that	might	save	your	life,	it	is	this:
The	human	body,	like	all	living	things,	is	a	heat	machine.	Just	being
alive	 generates	 heat.	 But	 if	 your	 body	 gets	 too	 hot	 too	 fast—it
doesn’t	matter	if	that	heat	comes	from	the	outside	on	a	hot	day	or
the	inside	from	a	raging	fever—you	are	in	big	trouble.

Every	 organism	 manages	 heat	 in	 a	 different	 way	 (more	 about



Every	 organism	 manages	 heat	 in	 a	 different	 way	 (more	 about

that	 in	 an	 upcoming	 chapter).	 We	 humans	 work	 hard	 to	 maintain
an	 internal	 temperature	 of	 about	 98	 degrees,	 no	 matter	 what	 the
temperature	is	outside.	 If	 it	 is	cold	outside,	we	pull	blood	into	our
vital	organs	to	keep	them	warm.	If	it	is	hot	outside,	we	push	blood
toward	our	skin	so	it	can	be	cooled	by	sweat.	That’s	why	dry	heat	is
often	less	dangerous	than	wet	heat—the	more	humid	the	air	is,	the
more	 difficult	 it	 is	 for	 our	 sweat	 to	 evaporate	 and	 dissipate	 heat.
And	 like	 all	 living	 things,	 our	 bodies	 have	 thermal	 limits.	 Those
limits	 vary	 depending	 on	 age,	 general	 health,	 and	 a	 number	 of
other	 factors.	 But	 there	 is	 general	 consensus	 among	 researchers
that	a	wet	bulb	temperature	of	95	degrees—which	basically	means
both	 outdoor	 air	 temperature	 and	 humidity	 levels	 are	 high	 (see
glossary	for	a	more	precise	definition	of	wet	globe	temperature)—
is	the	upper	end	of	human	adaptability	to	humid	heat.	Beyond	that,
our	body	generates	heat	faster	than	it	can	dissipate	it.

And	 that’s	 where	 trouble	 begins.	 Hyperthermia,	 or	 abnormally
high	body	temperature,	causes	a	range	of	physiological	responses
that	 might	 start	 with	 dizziness	 and	 heat	 cramps	 and	 lead	 all	 the
way	to	heatstroke—a	condition	that	can	be,	and	often	is,	fatal.

Broadly	 speaking,	 there	 are	 two	 kinds	 of	 heatstroke:	 classic
and	exertional.	Classic	heatstroke	hits	the	very	young,	the	elderly,
the	 overweight,	 and	 people	 suffering	 from	 chronic	 conditions	 like
diabetes,	 hypertension,	 and	 cardiovascular	 disease.	 Alcohol	 and
certain	 medications	 (diuretics,	 tricyclic	 antidepressants,
antipsychotics)	 can	 increase	 one’s	 susceptibility.	 Classic
heatstroke	is	often	what	happens	to	babies	who	are	left	in	cars,	or
older	 people	 trapped	 in	 upper-story	 apartments	 with	 no	 air-
conditioning	on	summer	days.

Exertional	 heatstroke,	 on	 the	 other	 hand,	 often	 hits	 the	 young
and	 fit.	 Exercise	 drastically	 accelerates	 temperature	 rise.	Anytime
you	 flex	 a	 muscle,	 it	 generates	 heat.	 In	 fact,	 when	 you	 move	 a
muscle,	 only	 about	 20	 percent	 of	 the	 energy	 you	 expend	 actually
goes	 to	 muscle	 contraction;	 the	 other	 80	 percent	 is	 released	 as
heat.	 That	 is	 why	 marathon	 runners,	 cyclists,	 and	 other	 athletes
sometimes	 push	 into	 what	 is	 called	 exercise-induced
hyperthermia,	where	internal	body	temperatures	typically	hit	100	to
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104	degrees.	Usually,	 there’s	no	 lasting	damage.	But	as	your	body
temperature	 climbs	 higher,	 it	 can	 trigger	 a	 cascading	 disaster	 of
events	 as	 your	 metabolism,	 like	 a	 runaway	 nuclear	 reactor,	 races
so	fast	that	your	body	can’t	cool	itself	down.

It	 doesn’t	 take	 long.	 And	 being	 young	 or	 in	 great	 shape	 won’t
save	you.	In	fact,	being	young	and	strong	allows	you	to	fight	off	the
warning	 signs	 of	 heat	 exhaustion	 until	 it	 is	 too	 late.	 A	 few	 years
ago,	 eighteen-year-old	 Kelly	 Watt,	 a	 track	 star	 and	 aspiring
journalist	in	Virginia,	parked	his	car	on	a	hilly	road	where	he	often
trained	 and	 went	 out	 for	 a	 fifty-minute	 run	 on	 a	 hot	 summer
afternoon.	A	few	hours	later,	Watt’s	father	found	his	body	in	some
bushes	not	far	from	his	car.	Handprints	on	the	car	suggested	Watt
had	 made	 it	 back	 to	 the	 car	 after	 his	 run,	 but	 had	 become
disoriented	from	heat,	couldn’t	open	the	door,	and	then	wandered
off	 into	 the	 bushes,	 where	 he	 collapsed	 and	 died.1	 In	 2021,	 Philip
Kreycik,	a	thirty-seven-year-old	ultramarathoner	and	father	of	two
young	children,	drove	up	into	the	hills	near	Pleasanton,	California,
on	a	July	morning	to	go	for	a	run.	He	parked	his	Prius	on	a	dirt	road,
left	 his	 water	 bottle	 in	 the	 center	 console,	 and	 headed	 out.	 By
noon,	 the	 temperature	 was	 105	 degrees.	 After	 Kreycik’s	 wife
reported	him	missing	a	few	hours	later,	hundreds	of	people	rallied
for	 a	 search	 and	 rescue	 effort	 that	 the	 Alameda	 County	 Sheriff’s
Office	 called	 one	 of	 the	 largest	 ever	 on	 the	 West	 Coast.	 Twelve
thousand	people	joined	a	Facebook	group	to	help	with	the	search
and	 a	 fundraiser	 for	 Kreycik’s	 family	 has	 raised	 more	 than
$150,000.	His	body	was	finally	found	in	a	remote	area	twenty-four
days	later.	Cause	of	death:	hyperthermia.

Both	 Watt	 and	 Kreycik	 were	 excellent	 athletes.	 Both	 knew	 it
was	 going	 to	 be	 hot	 during	 their	 run.	 Neither	 carried	 water.	 But
would	 it	 have	 mattered?	 In	 2016,	 thirty-four-year-old	 Michael
Popov,	 one	 of	 the	 world’s	 top	 ultrarunners,	 who	 routinely	 ran
hundreds	of	miles	in	the	rugged	Sierra	Nevada	mountains,	set	out
on	 a	 six-mile	 jog	 in	 Death	 Valley	 on	 a	 hot	 August	 day.	 He	 was
carrying	 four	 bottles	 of	 water	 and	 ice.	 Two	 hours	 later,	 he	 was
found	collapsed	on	the	side	of	a	road.	He	died	later	that	day.

There	 is	 a	 lot	 of	 confusion	 about	 the	 relationship	 between
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water	 and	 heat	 exhaustion	 and	 heatstroke.	 Water	 is	 necessary	 to
keep	sweat	flowing.	If	you	get	dehydrated,	you	can’t	sweat.	And	if
you	can’t	sweat,	you	can’t	cool	off.	But	drinking	water	does	not	in
itself	 cool	 off	 inner-core	 body	 temperatures.	 Put	 another	 way,
dehydration	 can	 exacerbate	 heat	 exhaustion	 and	 heatstroke,	 but
you	can	still	die	of	heatstroke	and	be	well	hydrated.	In	one	study	in
Montana,	 a	 wildfire	 fighter	 working	 in	 extreme	 heat	 for	 a	 seven-
hour	 period	 who	 continuously	 drank	 a	 huge	 amount	 of	 water—
more	than	twice	as	much	as	the	firefighters	around	him—still	had	a
core	 body	 temperature	 of	 105	 degrees,	 which	 is	 well	 into
heatstroke-land.

Sam	 Cheuvront,	 a	 heat	 and	 hydration	 expert	 who	 spent	 more
than	 twenty	 years	 at	 the	 US	 Army	 Research	 Institute	 of
Environmental	 Medicine	 in	 Massachusetts,	 put	 it	 to	 me	 this	 way:
“Both	heat	exhaustion	and	heatstroke	can	occur	in	the	absence	of
dehydration.	We	can	speculate	that	proper	hydration	can,	however,
delay	 heat	 exhaustion	 because	 dehydration	 exacerbates	 heat
exhaustion.	But	proper	hydration	cannot	prevent	heatstroke.”

Drinking	water	when	 it’s	hot	 is	certainly	 important.	A	common
recommendation	 is	about	one	half	quart	 (16	ounces)	of	water	per
person	 per	 hour	 of	 moderate	 activity	 in	 moderate	 temperatures.
But	in	extreme	conditions,	even	that	isn’t	enough.	A	well-hydrated
human	 can	 sweat	 up	 to	 three	 quarts	 per	 hour,	 but	 no	 matter	 how
much	 water	 you	 drink,	 your	 body	 can	 only	 replace	 about	 two
quarts	 of	 water	 per	 hour—so	 if	 you	 are	 in	 a	 hot	 place	 for	 a	 long
time,	dehydration	is	a	concern.

Even	at	a	sweating	rate	of	two	quarts	per	hour,	which	is	what	a
firefighter	 might	 do	 while	 working	 in	 a	 hot	 environment	 and
wearing	 protective	 clothing,	 it	 takes	 an	 hour	 to	 exceed	 2	 percent
dehydration,	which	is	really	where	dehydration	starts	contributing
to	 heart	 strain,	 mostly	 due	 to	 reduced	 blood	 volume.	 It	 also
exacerbates	the	competition	for	blood	flow	between	your	muscle,
your	skin,	your	brain,	and	your	organs.

The	only	effective	treatment	for	heatstroke	is	to	get	a	person’s
core	body	temperature	down,	fast.	A	cold	shower	or	bath,	or	tubs
(or,	as	I	mentioned	in	the	prologue,	body	bags)	of	ice,	is	one	way	to
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do	 this.	 Another	 is	 to	 quickly	 cool	 places	 on	 the	 body	 where,
because	 of	 the	 structure	 of	 our	 veins,	 a	 lot	 of	 blood	 circulates
close	 to	 the	 surface:	 the	 bottoms	 of	 the	 feet,	 the	 palms	 of	 the
hands,	the	upper	part	of	the	face.	Taking	Tylenol	or	aspirin	doesn’t
help.	 In	 fact,	 both	 can	 interfere	 with	 kidney	 function,	 and	 make	 it
harder	 for	 your	 body	 to	 deal	 with	 rising	 temperatures.	 Only	 after
core	body	temperature	is	lowered	do	the	damages	from	heatstroke
stop	and	hope	of	repair	and	recovery	begin.

About	an	hour	and	a	half	after	Gerrish,	Chung,	Miju,	and	Oski	 left
the	 banks	 of	 the	 Merced,	 they	 were	 in	 trouble.	They	 had	 climbed
two	miles	up	the	trail,	but	still	had	another	mile	and	a	half	of	steep
switchbacks	to	go	before	they	got	back	to	their	truck.

At	 11:56	 a.m.,	 Gerrish	 pulled	 his	 phone	 out	 of	 his	 pocket	 and
attempted	 to	 send	 a	 text:	 “[name	 redacted]	 can	 you	 help	 us.	 On
savage	lundy	trail	heading	back	to	Hites	cove	trail.	No	water	or	ver
[over]	 heating	 with	 baby.”	 Records	 would	 later	 show	 that	 the	 air
temperature	at	that	time	was	107	degrees.	But	on	the	trail,	with	full
sun	 and	 no	 shade	 and	 rocks	 absorbing	 and	 amplifying	 the	 heat,
the	 actual	 temperature	 that	 Gerrish	 and	 his	 family	 were
experiencing	was	certainly	much	higher.

Gerrish	and	Chung	surely	had	a	moment	when	they	stopped	to
consider	 whether	 it	 was	 better	 to	 stop	 climbing	 and	 turn	 around
and	seek	refuge	by	the	river.	There	wasn’t	a	lot	of	shade	down	there
either,	but	there	was	some.	And	they	could	have	found	some	relief
by	 wading	 out	 into	 the	 cool	 water.	 But	 at	 the	 same	 time,	 if	 they
retreated	 to	 the	 river,	 they	 would	 still	 have	 to	 hike	 out	 eventually,
and	 the	 afternoon	 was	 just	 going	 to	 get	 hotter.	 Waiting	 until	 the
temperature	dropped	and	the	sun	lost	its	edge	meant	waiting	until
late	 afternoon	 or	 early	 evening.	 While	 that	 might	 have	 been	 the
safe	decision,	it	had	its	own	risks:	they	were	out	of	water,	and	signs
along	the	river	warned	hikers	not	to	drink	from	it	due	to	toxic	algae.
The	actual	risk	of	getting	sick	from	toxic	algae	was	extremely	 low
compared	to	the	danger	of	heatstroke,	but	Gerrish	and	Chung	may
not	have	known	that.



There	was	also	the	issue	of	food	for	Miju.	They	had	not	brought
enough	 diapers	 or	 baby	 formula	 with	 them	 for	 an	 entire	 day.
Perhaps,	 out	 of	 love	 for	 Miju,	 they	 decided	 that	 it	 was	 better	 to
suffer	in	the	heat	themselves,	push	through	the	climb	back	to	the
truck,	 blast	 the	 AC,	 and	 feel	 the	 relief	 of	 having	 escaped	 a	 heat-
driven	nightmare.

The	 typo	 in	 Gerrish’s	 text	 message	 (“or	 ver”)	 may	 be	 nothing
more	than	a	sign	that	he	was	in	a	hurry	to	get	the	message	out.	But
it	also	could	be	a	sign	that	the	heat	was	already	causing	him	some
cognitive	 difficulty,	 which	 is	 common	 during	 extreme	 heat
exhaustion.	 If	 that	 was	 the	 case,	 it	 would	 make	 clear-headed
decision-making	 about	 whether	 to	 keep	 climbing	 in	 the	 heat	 or
seek	refuge	near	the	river	all	the	more	difficult.

Whatever	he	was	thinking	at	that	moment,	Gerrish	was	clearly
aware	 that	 their	 situation	 was	 growing	 more	 dire.	 Over	 the	 next
twenty-seven	minutes,	he	attempted	five	phone	calls,	but	because
of	 the	 lack	 of	 service	 in	 the	 area,	 none	 went	 through.	 He	 did	 not
call	 911.	 If	 he	 had,	 there’s	 a	 chance	 he	 might	 have	 gotten	 a
response,	 given	 that	 in	 remote	 areas,	 911	 calls	 are	 routed
differently	to	cell	towers	and	so	are	sometimes	picked	up	in	areas
where	other	calls	are	not.	Gerrish	may	not	have	been	aware	of	this,
or	he	simply	might	have	been	too	disoriented	to	consider	it.	In	any
case,	he	made	one	 last	attempt	to	call	someone	for	help	at	12:36
p.m.	 By	 then,	 two	 hours	 had	 passed	 since	 they	 left	 the	 shaded
banks	of	the	Merced.

A	few	years	ago,	on	a	hot	day	in	May,	I	climbed	Maderas	volcano	in
Nicaragua.	 The	 volcano,	 which	 is	 on	 Ometepe	 Island	 in	 Lake
Nicaragua,	is	a	popular	hike	for	travelers.	The	trail	winds	through	a
dense	 rain	 forest	 where	 brightly	 colored	 parrots	 flash	 by	 and
troops	of	spider	monkeys	 loll	 in	the	trees.	The	climb	to	the	top	of
the	 volcano	 was	 six	 miles	 round	 trip,	 with	 an	 elevation	 gain	 of
3,750	 feet.	 That	 was	 a	 steep	 climb,	 but	 I	 was	 in	 good	 shape,
healthy,	no	medical	issues.	So	why	not?	Early	one	morning,	I	took	a
bus	from	a	nearby	village	where	I	was	staying	to	Lake	Nicaragua.	At
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a	little	shack	on	the	beach,	I	met	up	with	a	local	guide	I’d	hired	to
accompany	me	on	the	hike	(required	by	law	in	Nicaragua).	I	could
see	the	volcano	in	the	distance.	It	was	stark	and	symmetrical,	like
something	a	six-year-old	would	draw.

Before	we	started,	my	guide,	Roberto,	made	sure	we	had	plenty
of	water	with	us.	We	also	had	some	nuts	and	candy	bars	and	dried
fruit.	 Roberto	 didn’t	 speak	 English	 and	 I	 didn’t	 speak	 much
Spanish.	He	was	wearing	an	Ohio	Buckeyes	T-shirt	and	carrying	a
small	pack.

It	 was	 warm	 when	 we	 started,	 maybe	 80	 degrees,	 and	 humid.
That	 was	 already	 plenty	 warm	 for	 me,	 given	 that	 it	 was	 early	 fall
and	I	was	living	in	upstate	New	York	at	the	time,	where	the	weather
was	crisp	and	cool.	I	had	only	been	in	Nicaragua	a	few	days,	so	I’d
had	little	time	to	get	acclimatized	to	the	heat.	I	have	since	learned
that	after	you	spend	a	few	weeks	in	a	hot	climate,	your	body	makes
subtle	adjustments	that	help	you	better	tolerate	heat	stress.2	Your
normal	deep	body	temperature	drops.	Your	body	sweats	at	a	lower
temperature,	and	so	there	is	less	strain	on	your	heart,	which	keeps
your	heart	rate	from	rising	fast.	At	the	same	time,	your	heart	pumps
more	 blood	 per	 stroke.	 Your	 body	 retains	 more	 fluids	 and	 blood
volume	 rises,	 increasing	 water	 reserves	 for	 sweating	 and	 cooling.
But	 these	 changes	 are	 not	 permanent.	 “If	 you	 go	 out	 of	 the	 heat,
within	a	few	weeks	all	the	adaptations	go	back	to	zero,”	says	Sam
Cheuvront.

I	had	not	given	my	body	time	to	do	any	of	that.	In	fact,	I	had	not
given	 the	 dangers	 of	 climbing	 a	 volcano	 on	 a	 hot	 humid	 day	 any
thought	at	all.	The	idea	that	I	might	have	heatstroke	seemed	about
as	likely	to	me	as	being	abducted	by	aliens.

The	trail	was	muddy	and	steep,	cutting	through	the	rain	forest.
We	climbed	at	a	slow,	steady	pace.	My	legs	felt	fine.	I	 listened	for
monkeys.	 I	 wondered	 if	 there	 were	 jaguars.	 I	 tried	 to	 make	 simple
conversation	 with	 Roberto,	 who	 was	 friendly	 enough	 but	 clearly
preferred	 to	 hike	 in	 silence.	 He	 turned	 around	 frequently	 to	 make
sure	I	was	okay.

At	 some	 point,	 maybe	 an	 hour	 into	 the	 hike,	 I	 noticed	 I	 was
sweating	a	lot.	That	was	not	surprising.	It	was	hot	and	humid,	and	I
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was	climbing	a	steep	volcano.	We	stopped	for	a	 few	minutes	so	 I
could	catch	my	breath.	I	noticed	Roberto	wasn’t	sweating	as	much
as	I	was,	and	I	thought,	Well,	maybe	I’m	not	in	as	good	shape	as	I
think	I	am.	But	I	wasn’t	that	tired,	my	legs	were	fine.	I	drank	some
water.

I	climbed	for	another	twenty	minutes	or	so,	still	sweating,	still
hot,	 but	 feeling	 okay.	 Then	 a	 strange	 thing	 happened.	 I	 crossed
over	 a	 threshold.	 I	 started	 sweating	 uncontrollably,	 just	 dumping
water	out	of	my	pores.	My	heart	pounded,	blood	rushed	to	my	face.
At	 the	 same	 time,	 my	 skin	 felt	 cold	 and	 clammy.	 It	 was	 like	 I	 was
burning	up	and	chilling	out	simultaneously.

I	 sat	 down	 on	 a	 log	 in	 the	 shade.	 “Caliente,”	 I	 said.	 Roberto
looked	 at	 me	 concerned,	 and	 said	 something	 in	 Spanish	 that	 I
didn’t	 understand	 but	 that	 I	 took	 to	 mean,	 “You	 need	 to	 rest	 and
drink	 water,	 you	 fool.”	 The	 sweating	 got	 worse.	 My	 shirt	 was
soaked.	My	pants	were	soaked.	My	heart	raced	faster.	I	had	no	idea
what	was	happening	to	me.	I	was	dizzy,	ready	to	faint.	My	heart	felt
like	it	was	going	to	explode.

Let	me	be	clear:	My	situation	was	very	different	from	what	the
Gerrish	 family	 faced	 in	 California.	 For	 one	 thing,	 I	 was	 in	 a	 rain
forest,	 which	 meant	 I	 wasn’t	 spending	 a	 lot	 of	 time	 with	 direct
sunlight	beating	down	on	me.	Also,	the	air	temperature	was	lower.	I
don’t	 know	 precisely	 how	 hot	 it	 was	 during	 my	 climb,	 but	 I’m
guessing	the	temperature	had	risen	to	90	degrees	by	then,	which	is
20	 to	 25	 degrees	 cooler	 than	 what	 the	 Gerrishes	 faced.	 On	 the
other	hand,	it	was	far	more	humid	during	my	hike,	which	meant	the
air	had	very	little	capacity	to	absorb	all	the	sweat	that	was	rolling
off	 my	 body.	 And	 with	 no	 evaporation,	 there	 was	 little	 chance	 of
cooling.

But	 there	 was	 one	 similarity:	 we	 were	 equally	 ignorant	 about
the	 risks	 of	 heat.	 Everyone	 understands	 the	 dangers	 of	 riding	 a
bike	 without	 a	 helmet	 or	 going	 for	 a	 drive	 in	 a	 car	 without	 a
seatbelt.	 Or	 the	 risks	 of	 smoking,	 which	 I	 understood	 personally
after	 my	 father	 died	 of	 lung	 cancer	 at	 the	 age	 of	 fifty-three.	 But
heat?	To	me,	heat	was	just	temperature.	It	wasn’t	a	lethal	weapon.

I	 hovered	 in	 this	 strange	 state	 for	 ten,	 fifteen	 minutes.	 I
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remember	looking	at	the	sweat	pouring	off	me,	wondering	how	my
body	 could	 contain	 that	 much	 water.	 Luckily,	 we	 had	 plenty	 of
water	 with	 us.	 I	 drank	 and	 drank.	 It	 seemed	 to	 pour	 right	 through
me,	 the	 water	 passing	 through	 the	 membranes	 of	 my	 cells	 as	 if
they	were	leaky	water	balloons.	I	was	afraid	I	was	going	to	die	right
there	in	the	rain	forest,	in	the	mud,	with	poor	Roberto	watching	me
but	unable	to	do	anything.

Then	 the	 sweat	 receded.	 My	 heart	 slowed.	 I	 felt	 my	 body
calming	down	and	reasserting	control.	None	of	this	was	the	result
of	 anything	 I	 did	 consciously	 or	 deliberately.	 I	 drank	 more	 water.
After	 another	 five	 minutes	 or	 so,	 the	 sweating	 stopped.	 I	 was
soaked,	but	I	felt	stable,	if	a	little	weak.	I	ate	some	dried	fruit	that	I
had	 stashed	 in	 my	 backpack.	 Eventually	 I	 stood	 up,	 smiled	 at
Roberto,	and	told	him	I	was	ready	to	go.

We	continued	up	the	volcano.	Roberto	stuck	closer	to	me,	as	if
he	were	afraid	I	might	collapse	at	any	moment.	An	hour	or	so	later,
we	reached	the	summit,	with	a	spectacular	view	into	the	lagoon	in
the	 crater.	We	 sat	 and	 ate	 lunch.	 By	 that	 time,	 I	 had	 drunk	 all	 the
water	we	had	carried	with	us—about	four	quarts.	I	knew	the	rest	of
the	hike	was	all	downhill,	so	presumed	I	would	be	okay.

And	 I	 was.	We	 hiked	 down	 the	 volcano	 without	 incident.	That
evening,	 I	 drank	 several	 cold	 cervezas	 at	 a	 little	 bar	 in	 the	 rain
forest.	 I	 felt	 like	 I	was	trying	to	fill	a	dry	hole	 inside	me.	But	until	 I
began	writing	this	book,	I	had	no	real	understanding	of	how	much
trouble	I	had	been	in,	and	how	lucky	I	was.

No	one	knows	the	exact	sequence	of	events	that	led	to	tragedy	for
the	 Gerrish	 family.	 But	 on	 a	 hot	 day,	 the	 road	 to	 heatstroke	 looks
like	 this:	 As	 soon	 as	 you	 step	 outside,	 your	 blood	 grows	 warmer,
heated	 by	 the	 sun’s	 radiation	 and	 your	 own	 rising	 metabolism.
Keeping	 your	 core	 body	 temperature	 at	 around	 98	 degrees—the
happy	 place	 for	 humans—now	 requires	 work.	 Receptors	 in	 the
preoptic	area	of	your	brain’s	hypothalamus	start	to	fire,	telling	your
circulatory	system	to	push	more	blood	toward	your	skin,	where	the
heat	 can	 be	 dissipated.	 Your	 sweat	 glands	 begin	 to	 pump	 salty
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liquid	 from	 a	 tiny	 reservoir	 at	 the	 base	 of	 the	 gland	 up	 to	 the
surface	of	your	skin.	You	sweat.	As	the	sweat	evaporates,	the	heat
is	carried	away.

But	the	amount	of	heat	your	body	can	dissipate	through	sweat
is	 limited.	 Your	 blood	 vessels	 dilate,	 trying	 to	 move	 as	 much
overheated	blood	to	the	surface	as	possible.	But	if	you	don’t	find	a
place	to	cool	off,	your	core	body	temperature	will	rise	quickly.	And
the	harder	you	are	working	your	muscles,	the	faster	it	will	rise.	Your
heart	 pumps	 madly,	 trying	 to	 push	 as	 much	 blood	 as	 possible	 to
your	skin	to	cool	off,	but	it	can’t	keep	up.	As	your	blood	is	shunted
away	from	your	core,	your	internal	organs—your	liver,	your	kidneys,
your	 brain—become	 starved	 for	 blood	 and	 the	 oxygen	 it	 carries.
You	feel	 light-headed.	Your	vision	dims	and	narrows.	As	your	core
body	 temperature	 rises	 to	 101	 degrees,	 102	 degrees,	 103	 degrees,
you	 feel	 wobbly—and	 due	 to	 the	 falling	 blood	 pressure	 in	 your
brain,	you	will	likely	pass	out.	This	is	in	fact	an	involuntary	survival
mechanism,	 a	 way	 for	 your	 brain	 to	 get	 your	 body	 horizontal	 and
get	some	blood	to	your	head.

At	 this	 point,	 if	 you	 get	 help	 and	 can	 cool	 down	 quickly,	 you
can	recover	with	little	permanent	damage.

But	if	you	fall	onto	the	ground	in	a	place	that	is	exposed	to	the
sun	 and	 lie	 there,	 the	 dangers	 increase.	 It’s	 like	 falling	 into	 a	 hot
frying	 pan.	 Ground	 temperatures	 can	 be	 twenty	 to	 thirty	 degrees
above	air	temperature.	Your	heart	becomes	desperate	to	circulate
blood	and	find	a	way	to	cool	down.	But	the	faster	your	heart	beats,
the	 more	 your	 metabolism	 increases,	 which	 generates	 more	 heat,
which	causes	your	heart	to	beat	even	faster.	It’s	a	lethal	feedback
loop:	 As	 your	 internal	 temperature	 rises,	 rather	 than	 cranking	 up
your	air	conditioner,	your	body	fires	up	your	furnace.	If	you	have	a
weak	heart,	that	might	be	the	end	for	you.

At	 a	 body	 temperature	 of	 105	 to	 106	 degrees,	 your	 limbs	 are
convulsed	 by	 seizures.	 At	 107	 and	 above,	 your	 cells	 themselves
literally	 begin	 to	 break	 down	 or	 “denature.”	 Cell	 membranes—the
thin	 lipid	 walls	 that	 protect	 the	 inner	 workings	 of	 your	 cells—
literally	 melt.	 Inside	 your	 cells,	 the	 proteins	 essential	 to	 life—the
ones	 that	 extract	 energy	 from	 food	 or	 sunlight,	 fend	 off	 invaders,
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destroy	waste	products,	and	so	on—often	have	beautifully	precise
shapes.	 The	 proteins	 start	 as	 long	 strands,	 then	 fold	 into	 helixes,
hairpins,	and	other	configurations,	as	dictated	by	the	sequence	of
their	 components.	 These	 shapes	 define	 the	 function	 of	 proteins.
But	as	the	heat	rises,	the	proteins	unfold	and	the	bonds	that	keep
the	 structures	 together	 break:	 first	 the	 weaker	 ones,	 and	 then,	 as
the	 temperature	 mounts,	 the	 stronger	 ones.	 At	 the	 most
fundamental	level,	your	body	unravels.

At	this	point,	no	matter	how	strong	or	healthy	you	may	be,	your
odds	of	survival	are	slim.	The	tiny	tubes	in	your	kidneys	that	filter
out	 waste	 and	 impurities	 in	 your	 blood	 are	 collapsing.	 Muscle
tissues	are	disintegrating.	You	develop	holes	in	your	intestines,	and
nasty	 toxins	 from	 your	 digestive	 tract	 flow	 into	 your	 bloodstream.
Amid	 all	 this	 chaos,	 your	 circulatory	 system	 responds	 by	 clotting
your	 blood,	 cutting	 off	 its	 flow	 to	 vital	 organs.	 This	 triggers	 what
doctors	 call	 a	 clotting	 cascade,	 which	 uses	 up	 all	 the	 clotting
proteins	in	your	blood	and,	paradoxically,	leaves	you	free	to	bleed
elsewhere.	 Your	 insides	 melt	 and	 disintegrate—you	 are
hemorrhaging	everywhere.

After	the	bodies	of	the	Gerrish-Chung	family	were	airlifted	off	the
mountain,	Mariposa	County	Sheriff	Jeremy	Briese	was	faced	with
an	 obvious	 but	 perplexing	 question:	 What—or	 who—killed	 them?
Families	 don’t	 just	 drop	 dead	 on	 hikes,	 especially	 families	 hiking
with	 a	 young	 child.	 “There	 were	 no	 signs	 of	 trauma,	 no	 obvious
cause	 of	 death.	 There	 was	 no	 suicide	 note,”	 Mariposa	 County
Sheriff’s	Office	spokesperson	Kristie	Mitchell	said.	“They	were	out
in	the	middle	of	a	national	forest	on	a	day	hike.”

Media	 interest	 was	 intense.	 The	 Mariposa	 County	 Sheriff’s
Office	parking	lot	was	crowded	with	satellite	trucks,	and	reporters
were	out	hiking	the	trail,	playing	up	the	mystery	of	how	the	happy
family	could	have	died	together	on	the	trail.

“It	 could	 be	 a	 carbon	 monoxide	 situation.	 That’s	 one	 of	 the
reasons	 why	 we’re	 treating	 it	 as	 a	 hazmat	 situation,”	 Mitchell
explained.	 According	 to	 one	 theory,	 the	 family	 could	 have	 been



explained.	 According	 to	 one	 theory,	 the	 family	 could	 have	 been

killed	 by	 a	 sudden	 release	 of	 poisonous	 gas	 from	 a	 nearby
abandoned	mine.	A	lightning	strike	had	been	ruled	out—there	was
not	a	cloud	 in	the	sky	that	day,	and	there	were	no	burn	marks	on
the	bodies.

Investigators	 also	 considered	 the	 possibility	 of	 toxic	 algae	 in
the	 Merced	 River.	 Water	 samples	 from	 several	 locations	 on	 the
river	 tested	 positive	 for	 Anatoxin	 A,	 a	 cynobacteria	 that	 can	 be
deadly	 to	 animals	 but	 has	 never	 caused	 any	 recorded	 deaths
among	humans.	And	there	was	no	evidence	that	Gerrish,	Chung,	or
their	 daughter	 had	 ingested	 any	 of	 the	 river	 water	 anyway.	As	 for
the	 idea	 of	 poisonous	 gas	 escaping	 from	 a	 mine,	 an	 old	 mine
entrance	was	found	two	miles	away,	but	law	enforcement	officials
found	no	indication	that	the	family	had	been	anywhere	near	it.

Autopsy	reports	on	Gerrish	and	Chung	revealed	little,	as	did	a
necropsy	 on	 Oski.	Which	 is	 not	 surprising,	 because	 in	 most	 heat-
related	cases,	people	die	of	organ	failure,	which	does	not	leave	an
easily	detectable	signature.	Sometimes,	an	autopsy	can	find	signs
of	 internal	 bleeding	 or	 liver	 or	 kidney	 damage.	 In	 the	 case	 of
Gerrish	 and	 Chung,	 determining	 the	 cause	 of	 death	 was
complicated	by	the	fact	that	their	bodies	had	remained	on	the	trail
for	some	time	after	their	deaths	and	were	not	well-preserved.

“I’ve	 never	 seen	 a	 death	 like	 this—they	 appeared	 to	 be	 a
healthy	 family	 and	 a	 family	 canine,”	 Briese	 told	 reporters.	 “Our
hearts	 go	 out	 to	 the	 family,	 and	 we	 are	 working	 hard	 to	 provide
closure.	We’re	not	going	to	rest	until	we	figure	this	out.”

Investigators	hoped	to	find	some	clues	in	Gerrish’s	phone,	but
due	 to	 password	 protection,	 they	 couldn’t	 get	 access	 to	 the
contents	immediately	and	had	to	send	it	to	the	FBI	for	help.

Oski	 likely	 got	 into	 trouble	 first.	 Dogs	 are	 vulnerable	 to	 heat
because	they	cannot	sweat.	As	anyone	who	has	ever	taken	a	dog
for	 a	 walk	 on	 a	 hot	 summer	 day	 knows,	 their	 only	 mechanism	 to
release	 heat	 is	 panting,	 which	 is	 not	 particularly	 efficient.	 Some
dogs	are	more	vulnerable	to	heat	than	others.	A	recent	study	found
that	three	main	qualities	corresponded	with	heat	illness	and	death
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in	dogs:	weight,	age,	and	body	anatomy.	Dogs	with	flat	faces	and
wide	 skulls,	 such	 as	 English	 bulldogs,	 are	 twice	 as	 likely	 to
succumb	to	heat	as	beagles,	border	collies,	and	other	breeds	with
more	pronounced	snouts.

Not	surprisingly,	dogs	with	thick	coats	don’t	handle	heat	well.
Golden	 retrievers	 are	 three	 times	 more	 likely	 than	 Labradors	 to
suffer	 heat-related	 illness.	 Active,	 muscular	 dogs	 like	 greyhounds
are	 also	 vulnerable.	 “Although	 Greyhounds	 have	 nice,	 long	 noses,
thin	 hair,	 and	 are	 not	 usually	 associated	 with	 being	 overweight,
they	 do	 have	 a	 high	 ratio	 of	 muscle,”	 which,	 studies	 have	 shown,
correlates	 to	 greater	 risk	 of	 heatstroke	 after	 exercising,	 one
researcher	said.	“Also	they	are	inclined	to	run	about	on	the	hottest
days,	without	thought	for	the	consequences.”

Oski	 was	 a	 large,	 muscular	 dog	 with	 a	 thick	 coat.	 Climbing	 a
steep	slope	on	a	100-degree	day	would	have	been	brutal.

One-year-old	 Miju	 would	 have	 felt	 the	 heat	 quickly	 too.	 She
was	in	a	carrier	on	her	father’s	back,	which	was	not	a	cool	place	to
be.	 Besides	 being	 inside	 a	 fabric	 backpack,	 which	 would	 have
trapped	heat	like	an	additional	layer	of	clothing,	she	was	inevitably
absorbing	 heat	 from	 both	 her	 father’s	 body	 and	 the	 sun.	 In
addition,	 sweat	 glands	 in	 prepubescent	 children	 are	 not	 fully
developed	yet,	which	makes	it	difficult	for	them	to	release	the	heat
that	builds	up	 in	their	bodies.	Their	bodies	also	contain	a	smaller
volume	of	blood	than	adults’,	so	when	their	heart	pumps	blood	to
their	 skin	 to	 try	 to	 cool	 down,	 it	 takes	 blood	 away	 from	 internal
organs,	 potentially	 damaging	 them.	 This	 is	 why	 babies	 are	 so
vulnerable	 when	 left	 alone	 in	 hot	 cars.	 They	 are	 basically
defenseless	against	heat.

The	heat	would	not	have	been	easy	for	Gerrish	either.	He	was	a
big	guy,	weighing	about	210	pounds	(“He	had	a	dad-bod,”	his	friend
Steve	Jeffe	recalled	fondly).	Although	all	adult	humans,	no	matter
what	 sex	 or	 race,	 have	 about	 the	 same	 number	 of	 sweat	 glands,
size	 is	 a	 disadvantage	 when	 trying	 to	 cool	 off,	 simply	 because	 a
bigger	 animal	 carries	 a	 larger	 volume	 of	 heat	 in	 its	 body	 than	 a
smaller	animal.	In	addition,	Gerrish	was	carrying	Miju	on	his	back,
which	 added	 more	 weight,	 as	 well	 as	 inhibiting	 his	 ability	 to
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dissipate	sweat.
Chung	may	have	been	in	the	best	position	to	survive	the	climb.

She	 was	 carrying	 only	 a	 light	 backpack	 with	 a	 hydration	 bladder
and	 a	 few	 supplies	 for	 Miju.	 Given	 her	 smaller	 stature,	 she	 was
likely	slower	to	overheat.	Although	women	have	the	same	number
of	 sweat	 glands	 as	 men,	 their	 variable	 hormone	 balance	 has	 a
noticeable	 effect	 on	 sweat	 responses.	 For	 example,	 during	 the
luteal	 phase	 of	 the	 menstrual	 cycle,	 which	 starts	 after	 ovulation
and	 ends	 with	 the	 first	 day	 of	 a	 woman’s	 period,	 women	 sweat
similarly	to	men.	But	during	the	follicular	stage,	which	starts	on	the
last	 day	 of	 a	 woman’s	 period	 and	 lasts	 until	 ovulation,	 women’s
sweat	 responses	 are	 initiated	 more	 slowly.	 Birth	 control	 pills	 can
also	increase	core	body	temperature	and	make	it	more	difficult	for
women	to	keep	cool	in	the	heat	(or	warm	in	the	cold).

“Ellen	 was	 in	 great	 shape,”	 one	 of	 her	 friends	 told	 me.	 “She
exercised	 all	 the	 time.	 She	 didn’t	 have	 an	 ounce	 of	 fat	 on	 her.	 If
anyone	could	survive	this,	you	would	think	it	would	be	her.”

On	October	21,	a	little	more	than	two	months	after	Gerrish,	Chung,
Miju,	 and	 their	 loyal	 pal	 Oski	 set	 out	 for	 a	 hike	 on	 a	 summer
morning,	 Sheriff	 Briese	 held	 a	 press	 conference	 to	 reveal	 the
official	findings	of	the	investigation	into	their	deaths.	“The	cause	of
death	 was	 hyperthermia	 and	 probable	 dehydration	 due	 to
environmental	exposure,”	he	said,	voice	trembling	just	a	little.	As	in
many	 heat-related	 deaths,	 there	 was	 no	 single	 piece	 of	 evidence
that	 caused	 investigators	 to	 conclude	 that	 hyperthermia	 was	 the
killer.	 It	 was	 based	 on	 scene	 investigation,	 the	 circumstances	 of
their	deaths,	and	the	reasonable	exclusion	of	other	causes.	Briese
showed	a	graphic	of	the	area	where	the	bodies	were	found,	noting
that	the	trail’s	southern	slope	meant	constant	exposure	to	the	sun
and	no	shade.	He	estimated	that	the	ground-level	air	temperature
along	 the	 trail	 while	 the	 family	 was	 hiking	 was	 as	 high	 as	 109
degrees.

What	 happened	 to	 Gerrish	 and	 Chung	 and	 Miju	 and	 Oski	 was
not	 just	 a	 consequence	 of	 bad	 luck	 and	 poor	 decision-making	 in
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the	wild.	 It	was	a	tragedy	that	was	shaped	by	our	 larger	failure	to
reckon	 with	 the	 risks	 of	 life	 in	 a	 rapidly	 warming	 world,	 and	 with
the	nature	of	heat	itself.	We	simply	have	not	come	to	terms	with	it,
especially	in	the	way	I	am	describing.	It	is	not	how	anyone	expects
to	 die.	 In	 part,	 it’s	 because	 we	 live	 in	 a	 technologically	 advanced
world	 where	 it’s	 all	 too	 easy	 to	 believe	 that	 the	 rough	 forces	 of
nature	 have	 been	 tamed.	 But	 it’s	 also	 because	 our	 world	 is
changing	so	fast	that	we	can’t	grasp	the	scale	and	urgency	of	the
dangers	we	face.

In	August	2022,	more	than	a	year	after	their	deaths,	family	and
friends	gathered	on	a	tranquil	spot	on	one	of	Gerrish	and	Chung’s
properties	in	Mariposa	to	bury	their	ashes.	It	was	a	beautiful	clear
Saturday	 morning.	 But	 it	 was	 also	 “slightly	 surreal,”	 Richard
recalled.	 In	the	previous	weeks,	the	area	had	been	torched	by	the
Oak	 Fire,	 which	 had	 burned	 20,000	 acres	 and	 180	 buildings	 and
come	within	a	half	mile	of	Gerrish	and	Chung’s	home.	There	were
still	 fire	 trucks	 parked	 on	 the	 side	 of	 the	 roads	 and	 bulldozers
burying	the	last	smoldering	embers.	It	was	the	second	time	in	four
years	this	area	had	badly	burned.

As	family	and	friends	stood	nearby,	Richard	and	Chung’s	sister
Melissa	 placed	 a	 dark	 wooden	 box	 containing	 the	 commingled
ashes	of	Gerrish,	Chung,	Miju,	and	Oski	in	the	ground.	Richard	read
from	the	journals	of	John	Muir,	who	was	born	in	Dunbar,	Scotland,
in	 1838,	 not	 far	 from	 where	 Richard	 now	 lived.	 Muir’s	 exuberant
writing	about	the	California	mountains	had	led	to	the	founding	of
America’s	 national	 parks	 and	 inspired	 generations	 of	 people	 to
think	differently	about	their	connection	with	nature.	Muir	was	also
a	voice	from	a	simpler	time,	when	the	biggest	threat	to	his	beloved
Yosemite	 was	 a	 dam,	 not	 a	 fast-warming	 climate.	 In	 the	 passage
Richard	chose,	Muir	described	death	as	a	“home-going”:	“Myriads
of	 rejoicing	 living	 creatures,	 daily,	 hourly,	 perhaps	 every	 moment
sink	 into	 death’s	 arms,”	 Richard	 read.	 “Yet	 all	 enjoy	 life	 as	 we	 do,
share	 Heaven’s	 blessings	 with	 us,	 die	 and	 are	 buried	 in	 hallowed
ground,	come	with	us	out	of	eternity	and	return	into	eternity.”

Several	 other	 family	 members	 and	 friends	 read	 poems	 or
offered	 remarks.	 Then	 Richard	 and	 Melissa	 covered	 the	 wooden



offered	 remarks.	 Then	 Richard	 and	 Melissa	 covered	 the	 wooden

box	with	a	few	shovelfuls	of	dirt	and	tamped	it	down.	To	the	east,
in	 the	 distance,	 the	 granite	 dome	 of	 El	 Capitan	 loomed.	 It	 wasn’t
noon	yet,	but	already	the	heat	was	rising.

Footnotes
1	Watt	wrote	a	weekly	sports	column,	“Sports	Wrap,”	in	a	Charlottesville	paper	called	The	Hook.	It’s
a	tragic	irony	that	on	the	day	he	died,	he	overslept	because	he	had	been	up	late	the	previous	night,
writing	 about	 the	 heatstroke	 death	 of	 jockey	 Emanuel	 Jose	 Sanchez	 at	 Colonial	 Downs,	 a
racetrack	near	Richmond.
2	 Exactly	 how	 long	 it	 takes	 to	 acclimatize	 to	 a	 hotter	 climate	 depends	 on	 a	 variety	 of	 factors,
including	how	much	you	exercise	in	the	heat	and	your	physical	condition.	Two	weeks	is	average	for
most	people.	Interestingly,	exposure	to	air-conditioning	even	for	brief	periods	slows	or	even	stops

acclimatization.	
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2.	HOW	HEAT	SHAPED	US

TO	 UNDERSTAND	 THE	 dangers	 of	 extreme	 heat	 today,	 it	 helps	 to
understand	how	we	have	lived	with	heat	in	the	past.	Among	other
things,	we	evolved	clever	ways	to	manage	the	heating	and	cooling
of	 our	 bodies	 that	 gave	 our	 ancestors	 an	 evolutionary	 edge	 over
competitors.	 To	 tell	 you	 about	 it,	 though,	 I	 have	 to	 go	 way	 back,
because	you	can’t	separate	heat	from	the	beginning	of	things.

Fourteen	billion	years	ago,	the	universe	was	compressed	into	a
stupendously	 hot,	 incredibly	 dense	 nugget,	 which	 then	 rapidly
expanded.	This	nugget	cooled	as	it	swelled;	its	particles	gradually
slowed	 their	 frenzied	 motion	 and	 aggregated	 into	 clumps,	 which
over	time	formed	stars,	planets—and	us.

How	exactly	life	emerged	out	of	the	hot	mess	of	the	universe	is
only	dimly	understood.	The	most	widely	accepted	theory	is	that	life
began	 around	 the	 volcanoes	 that	 rose	 above	 the	 ocean	 shortly
after	 the	 earth	 formed,	 probably	 within	 the	 first	 hundred	 million
years.	 The	 volcanoes	 were	 surrounded	 by	 hot	 geyser-fed	 ponds
and	 bubbling	 hot	 springs,	 which	 were	 loaded	 with	 organic
compounds	 from	 the	 asteroids	 and	 meteors	 that	 bombarded	 the
planet.	 Volcanoes	 acted	 as	 chemical	 reactors,	 creating	 a	 hot
volcanic	soup.	Somehow,	RNA	molecules	grew,	eventually	growing
longer	 and	 more	 complex	 and	 folding	 into	 true	 proteins	 and
double-stranded	DNA.	They	formed	microbes	that	floated	in	thick
mats	 on	 the	 volcanic	 ponds.	 When	 the	 ponds	 dried	 out,	 winds
picked	up	their	spores	and	spread	them	for	miles.	Rains	eventually
washed	 microbes	 into	 the	 ocean.	 “Once	 they	 reached	 the	 sea,”
science	author	Carl	Zimmer	writes,	“the	whole	planet	came	alive.”

Evolution’s	next	trick	was	developing	a	way	for	animals	to	deal
with	 temperature	 fluctuations.	 In	 the	 long	 arc	 of	 evolution,	 two
strategies	 have	 emerged:	 one	 is	 to	 let	 your	 body’s	 temperature
change	with	the	temperature	around	it,	which	is	what	creatures	did
for	the	first	three	and	a	half	billion	years	or	so.	If	necessary,	these
animals	warm	themselves	by	basking	in	sunlight	or	sitting	on	warm
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rocks.	This	heat	management	strategy	survives	today	in	fish,	frogs,
lizards,	 alligators,	 and	 all	 the	 reptiles	 and	 amphibians.	 Scientists
call	them	ectotherms;	you	and	I	call	them	cold-blooded.

But	 around	 260	 million	 years	 ago,	 a	 new	 heat	 management
strategy	emerged.	Some	animals	found	a	way	to	control	their	own
internal	 temperature	 that	 was	 not	 dependent	 on	 the	 temperature
of	 their	 environment.	 In	 effect,	 it	 turns	 their	 bodies	 into	 little	 heat
engines,	 allowing	 them	 to	 operate	 independently	 of	 the	 world
outside—as	long	as	they	can	maintain	a	steady	temperature	inside.
This	heat	management	strategy	remains	alive	and	well	 in	animals
that	 scientists	 call	 endotherms	 but	 that	 you	 and	 I	 call	 warm-
blooded:	 dogs,	 cats,	 whales,	 tigers,	 and	 virtually	 every	 other
mammal	 on	 the	 planet,	 including	 us.	 Birds,	 which	 are	 flying
dinosaurs,	 are	 also	 warm-blooded.	 (“Birds	 are	 not	 like	 flying
dinosaurs,”	 a	 scientist	 once	 corrected	 me.	 “They	 are	 flying
dinosaurs.”)

The	birth	of	warm-bloodedness	was	an	evolutionary	leap,	and
one	 that	 scientists	 still	 don’t	 fully	 understand.	 For	 one	 thing,	 the
traits	of	warm-bloodedness	do	not	transfer	well	 to	 fossils,	so	you
can’t	 just	 look	at	the	bones	of	a	 long-ago	creature	and	determine
whether	 it	 was	 warm-	 or	 cold-blooded.	 For	 another,	 the	 transition
from	cold-bloodedness	to	warm-bloodedness	didn’t	happen	with	a
single	 quick	 jump.	 Many	 species—especially	 dinosaurs—had
attributes	of	both.

At	 first	 glance,	 cold-blooded	 creatures	 seem	 to	 have	 it	 easy.
Because	 they	 cannot	 regulate	 their	 body	 temperature	 internally,
they	 spend	 thirty	 times	 less	 energy	 than	 warm-blooded	 creatures
of	 the	 same	 size.	 So,	 while	 mammals	 and	 birds	 are	 constantly
investing	 their	 calories	 in	 maintaining	 a	 high,	 stable	 body
temperature,	 reptiles	 and	 amphibians	 can	 just	 search	 for	 a	 warm
spot	in	their	surrounding	environment	if	they	want	to	get	cozy.	But
if	 cold-bloodedness	 is	 so	 great,	 why	 did	 mammals	 and	 birds
develop	a	different	strategy?

There	 are	 a	 lot	 of	 theories	 for	 why	 warm-blooded	 animals
evolved	 high,	 stable	 body	 temperatures.	 To	 name	 a	 few:	 a	 stable
body	temperature	aids	physiological	processes,	such	as	digestion
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and	the	absorption	of	nutrients;	 it	helps	animals	maintain	activity
over	 longer	 periods	 of	 time;	 it	 enables	 parents	 to	 take	 care	 of
precocial	offspring.	Warm-bloodedness	also	allowed	more	precise
and	powerful	functioning	of	certain	cells	in	the	nervous	system,	as
well	as	in	the	heart	and	muscles.

Resistance	 to	 disease	 may	 have	 been	 another	 advantage.
Insects	 bask	 in	 the	 sunlight	 to	 superheat	 their	 bodies	 and	 cook
invading	 organisms;	 humans	 do	 the	 same	 by	 running	 a	 fever.	 But
cold-blooded	creatures	depend	on	external	sources	of	heat	to	kill
invaders.	 If	 it’s	not	hot	out,	a	grasshopper	can’t	fry	the	dangerous
microbes	 in	 its	 body.	 And	 if	 that	 grasshopper	 goes	 looking	 for	 a
spot	of	sunshine,	it	might	venture	into	new	places	and	get	picked
off	by	a	predator.	Warm-blooded	animals	don’t	have	that	risk.	They
can	rev	up	the	heat	engine	wherever	they	are.

Warm-blooded	 animals	 also	 move	 faster.	 John	 Grady,	 a
biologist	 at	 the	 University	 of	 New	 Mexico,	 thinks	 the	 evolution	 to
warm-bloodedness	was	accelerated	by	the	competitive	advantage
that	comes	with	being	a	speedy	predator.	Higher	body	temperature
equals	 higher	 metabolism,	 which	 equals	 quicker	 reactions	 and
more	active	predation.	“Imagine	an	iguana	the	size	of	a	cow,”	Grady
told	 me.	 “These	 things	 existed.	 But	 they	 won’t	 exist	 in	 today’s
world,	 because	 they	 are	 too	 slow.	 The	 closest	 thing	 we	 have	 are
giant	 tortoises,	 and	 they	 have	 a	 strategy	 of	 just	 being	 armored.
They	 don’t	 have	 to	 be	 fast.	 When	 you	 are	 big,	 being	 fast	 is
important.	I	think	getting	killed	is	a	real	problem	if	you	are	big	and
cold-blooded.”

Whatever	the	particular	advantages	of	warm-bloodedness	may
have	 been,	 it	 served	 mammals	 well.	 For	 the	 last	 seventy	 million
years	 or	 so,	 they	 have	 spread	 across	 the	 globe,	 each	 creature	 a
biological	dynamo	carrying	its	own	fire	inside.	Their	success	gave
rise,	eventually,	to	a	two-legged	primate	that	developed	a	big	brain
and	 an	 even	 more	 sophisticated	 heat	 management	 system	 to	 go
with	it.	To	get	a	glimpse	of	this	remarkable	creature,	just	look	in	the
mirror.



In	 1974,	 a	 pile	 of	 bones	 was	 found	 in	 the	 Awash	 River	 valley	 in
Ethiopia	by	Donald	Johanson,	who,	at	the	time,	was	a	professor	at
Case	Western	Reserve	University	in	Ohio.	The	bones	belonged	to	a
female	 human	 ancestor	 who	 lived	 about	 3.2	 million	 years	 ago.
Judging	 from	 her	 intact	 wisdom	 teeth	 and	 the	 shape	 of	 her	 hip
bone,	 Johanson	 determined	 that	 she	 was	 a	 teenager	 when	 she
died.	He	named	her	Lucy,	after	the	Beatles’	song	“Lucy	 in	the	Sky
with	Diamonds,”	which	Johanson	and	his	team	had	been	listening
to	in	camp	when	she	was	found.

It	 was	 a	 remarkable	 discovery,	 rewriting	 the	 story	 of	 human
evolution.	 Even	 at	 the	 time,	 Lucy	 was	 not	 the	 oldest	 human
ancestor	 ever	 found,	 but	 she	 filled	 an	 important	 gap	 in	 the
evolutionary	 tree	 from	 early	 hominins	 (that	 is,	 all	 our	 human
ancestors	since	we	diverged	from	apes	about	seven	million	years
ago)	 to	 modern	 humans.	 She	 was	 also	 remarkably	 well	 preserved
for	 a	 girl	 who	 had	 been	 buried	 for	 more	 than	 three	 million	 years.
She	 had	 a	 spine,	 pelvis,	 and	 leg	 bones	 very	 similar	 to	 those	 of
modern	humans.	She	did	not	yet	have	the	brain	size	of	a	modern
human,	but	she	was	positively,	indisputably	bipedal.

It	took	a	while	for	our	ancestors	to	learn	to	stand	up.	From	the
structure	 and	 shape	 of	 the	 fossils	 they’ve	 left	 behind,
paleontologists	know	that	early	hominins	hung	out	mostly	in	trees.
On	the	ground,	they	moved	on	all	fours,	not	unlike	the	way	chimps
do	today.

But	Lucy	was	different.	The	shape	of	her	lower	femur,	as	well	as
the	 development	 of	 her	 knee,	 indicate	 that	 she	 walked	 upright	 at
least	part	of	the	time.	But	she	wasn’t	like	us:	she	had	wide	hips	and
short	legs.	She	was	an	evolutionary	toddler	just	learning	to	venture
out	of	the	cover	of	the	trees	and	onto	the	savanna.

The	 question	 is,	 what	 made	 Lucy	 stand	 up	 and	 start	 walking?
It’s	 a	 much-disputed	 subject	 among	 paleoanthropologists.	 Some
argue	 that	 it	 allowed	 our	 ancestors	 to	 carry	 tools	 better.	 Others
believe	 that	 it	 helped	 them	 reach	 fruit	 high	 in	 trees.	 Still	 others
suggest	 that	 bipedalism	 was	 the	 basis	 for	 monogamy	 and	 family,
in	that	it	allowed	male	hominins	to	go	out	and	get	food,	which	the
female	chimps	would	reward	with	companionship	and	sex.



Or	 standing	 up	 may	 have	 been	 a	 way	 of	 keeping	 cool.	 It
allowed	Lucy	to	catch	breezes	and	help	body	heat	dissipate	more
easily.	 It	 also	 got	 her	 up	 off	 the	 ground,	 which	 is	 always
significantly	warmer	than	the	air	a	few	feet	above	it.

Whatever	 her	 motivation	 may	 have	 been,	 Lucy	 walked.	 And	 it
changed	everything.

To	understand	the	power	of	heat,	you	have	to	think	of	it	not	just	as
a	 change	 in	 temperature,	 but	 as	 an	 evolutionary	 hurdle.	 Heat
management	 is	 a	 survival	 tool	 for	 all	 life	 on	 Earth,	 and	 the
strategies	to	deal	with	it	are	as	diverse	and	colorful	as	the	animal
kingdom	itself.

Elephants	are	particularly	fascinating.	They	spend	a	lot	of	time
in	the	sun.	To	cool	off,	they	seek	shade	and	water.	(In	Botswana,	 I
once	watched	a	young	elephant	frolic	in	a	muddy	watering	hole	on
a	 hot	 day	 like	 a	 six-year-old	 kid	 at	 summer	 camp.)	Their	 thin	 hair
and	 flapping	 ears	 help	 with	 heat	 dissipation.	 More	 important,	 as
temperatures	rise,	their	hides	become	more	permeable.	Their	skin
effectively	opens	up,	allowing	them	to	perspire,	even	though	they
don’t	actually	have	sweat	glands.

Koalas	 hug	 trees	 with	 bark	 that	 is	 cooler	 than	 the	 air
temperature.	 Kangaroos	 spit	 on	 their	 arms	 to	 wet	 them	 and	 cool
off.	Some	squirrels	use	their	bushy	tails	as	parasols.	Hippos	roll	in
mud	(water	evaporates	more	slowly	from	mud,	keeping	them	cool
longer).	 Lions	 climb	 trees	 to	 get	 off	 the	 hot	 ground.	 Rabbits	 send
blood	to	their	big	ears,	using	them	as	radiators.	Vultures	and	storks
defecate	 on	 their	 legs.	 Herons,	 nighthawks,	 pelicans,	 doves,	 and
owls	 cool	 themselves	 with	 gular	 fluttering,	 a	 frequent	 vibration	 of
their	 throat	 membranes,	 which	 increases	 airflow	 and	 thus
increases	 evaporation.	 Giraffes’	 beautifully	 patterned	 skin
functions	 like	 a	 network	 of	 thermal	 windows.	 They	 direct	 warm
blood	to	the	vessels	at	the	edges	of	the	spots,	forcing	heat	out	of
the	animals’	bodies.

Other	 animals	 build	 structures	 to	 cool	 themselves,	 in	 some
ways	 not	 so	 different	 from	 the	 way	 humans	 construct	 air-
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conditioned	 buildings.	 Termites	 build	 an	 elaborate	 system	 of	 air
pockets	 within	 their	 mounds.	 Bees	 harvest	 water	 when	 they’re	 on
their	 travels,	 then	 return	 to	 the	 hive	 and	 pass	 it	 by	 mouth	 to	 hive
bees,	which	spread	the	droplets	on	the	honeycomb.	Other	bees	fan
the	water	with	their	wings	to	cool	the	hive.

The	 silver	 Saharan	 ant,	 which	 thrives	 in	 a	 scorching
environment	 in	 the	 Sahara	 and	 on	 the	 Arabian	 Peninsula,	 has
evolved	 some	 remarkable	 heat-coping	 strategies.	 When	 a	 silver
Saharan	ant	goes	 in	search	of	food,	 it	has	ten	minutes	before	the
desert	heat	will	literally	fry	it.	It	ventures	out	in	temperatures	above
122	 degrees,	 usually	 to	 scavenge	 the	 corpses	 of	 heat-killed
animals.	The	ants	go	out	only	when	it’s	too	hot	for	the	lizards	that
prey	 on	 them	 but	 still	 cool	 enough	 that	 they	 don’t	 get	 cooked
instantly.	To	avoid	the	superhot	sand,	they	run	fast—up	to	a	meter
per	second,	which,	given	their	small	body	size,	is	the	equivalent	of
a	human	running	450	miles	per	hour.	The	beautiful	silver	hue	of	the
ant	 comes	 from	 unique	 triangular	 hairs	 on	 its	 body,	 which	 reflect
away	 heat	 (just	 as	 wearing	 a	 white	 shirt	 keeps	 you	 cooler	 than
wearing	a	black	shirt).

But	you	can’t	talk	about	heat	and	animals	without	talking	about
camels.	Not	 long	ago,	 I	spent	a	 few	days	riding	an	Arabian	camel
across	the	Wadi	Rum,	a	desert	region	in	Jordan.	To	anyone	who	is
used	 to	 riding	 a	 horse,	 camels	 are	 strange,	 calm,	 smelly,
uncharismatic	 animals.	 The	 one	 I	 rode	 didn’t	 really	 seem	 to	 care
much	 whether	 I	 was	 on	 him	 or	 not.	 My	 Jordanian	 guide	 said	 the
camel	 did	 not	 have	 a	 name,	 and	 the	 guide	 did	 not	 seem	 to	 have
much	affection	for	him,	which	just	made	me	feel	sorry	for	the	poor
beast	having	to	trudge	across	the	desert	with	me	on	his	back.

Camels	 evolved	 in	 North	 America	 roughly	 forty	 million	 years
ago,	 and	 their	 best-known	 features—their	 long	 eyelashes,	 their
wide	 feet,	 their	 humps—may	 have	 come	 in	 response	 to	 North
American	winters.	They	crossed	the	land	bridge	at	the	Bering	Strait
about	 fourteen	 thousand	 years	 ago,	 ending	 up	 on	 the	 Arabian
Peninsula,	among	other	places.	They	have	been	domesticated	for
thousands	of	years,	nearly	as	long	as	horses.

Despite	 (or	 perhaps	 because	 of)	 their	 origins,	 camels	 are
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extremely	well	adapted	to	life	in	hot	deserts.	They	have	translucent
eyelids	that	allow	them	to	close	their	eyes	and	keep	walking	during
sandstorms.	They	can	also	close	their	nose	to	keep	sand	out	and
water	 in.	 Thick	 tissue	 over	 a	 camel’s	 sternum	 allows	 it	 to	 easily
raise	 its	 head	 above	 the	 hot	 ground	 when	 it	 is	 lying	 down.	 A
camel’s	 hump	 shades	 and	 insulates	 internal	 organs	 from	 heat.
Contrary	to	some	myths,	the	hump	doesn’t	store	water,	it	stores	fat
—which	it	can	tap	into	when	food	is	scarce.	When	a	camel	doesn’t
eat	for	a	long	time,	its	hump	sags.

For	all	 living	things,	 life	 in	a	hot	climate	requires	careful	water
management,	 and	 camels	 are	 supremely	 good	 at	 it.	 They	 have
unusual	oval	blood	cells,	which	can	circulate	through	thick	blood,
and	quickly	expand	when	water	is	available.	During	the	winter	and
cold	seasons,	a	camel	can	go	without	water	for	months.	Under	very
hot	 conditions,	 it	 may	 drink	 only	 every	 eight	 to	 ten	 days	 and	 lose
up	to	a	third	of	its	body	weight	through	dehydration.	A	dehydrated
camel	 urinates	 only	 drops	 of	 concentrated	 urine,	 which	 look	 like
white	 stripes	 on	 its	 hind	 legs	 and	 tail	 (it’s	 actually	 salt	 crystals).
The	way	camels	process	their	urine	not	only	conserves	water,	but	it
also	allows	them	to	drink	water	that	is	even	saltier	than	seawater,
and	to	eat	salty	plants	that	would	be	toxic	to	most	other	animals.
Their	feces	are	so	dry,	they	can	fuel	fires.

There	aren’t	many	people	who	have	thought	more	about	heat	as	an
evolutionary	 force	 than	 Jill	 Pruetz.	 For	 the	 past	 twenty	 years,	 she
has	spent	a	good	part	of	every	year	in	Senegal,	near	the	village	of
Fongoli,	 where	 she	 has	 been	 studying	 chimpanzees	 that	 live	 in	 a
hot	 environment.	 Pruetz	 has	 a	 way	 of	 talking	 about	 being	 among
the	 chimps	 that	 suggests	 she	 knows	 them	 better	 than	 many
people	know	their	own	children.

Pruetz	 and	 I	 met	 on	 a	 sunny	 spring	 day	 at	 a	 restaurant	 in
Bastrop,	Texas,	near	where	she	lives	on	a	five-acre	farm.	She	grew
up	 in	 south	 Texas	 and	 became	 fascinated	 with	 chimpanzees
shortly	 after	 college,	 when	 she	 went	 to	 work	 at	 a	 chimpanzee
center	 that	 bred	 chimps	 for	 biomedical	 research.	 She	 is	 now	 a
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professor	 of	 anthropology	 at	 Texas	 State,	 and	 runs	 the	 Fongoli
Savanna	 Chimpanzee	 Project,	 where	 thirty-two	 chimps	 live	 in	 a
100-square-kilometer	area,	outside	the	national	park.

Pruetz	 and	 I	 sat	 at	 a	 wooden	 picnic	 table	 above	 the	 Colorado
River	 and	 ate	 pizza	 while	 we	 talked.	 “I	 study	 chimps	 for	 a	 lot	 of
reasons,”	 she	 told	 me.	 “But	 mostly	 because	 they	 are	 our	 closest
living	 relative,	 and	 we	 can	 learn	 a	 lot	 about	 early	 human
development	 by	 looking	 at	 how	 chimps	 behave	 and	 react	 to
different	kinds	of	stress	in	their	lives.”

For	the	Fongoli	chimps,	heat	 is	extremely	stressful.	During	the
hot	 dry	 season	 in	 Senegal,	 which	 peaks	 in	 March	 and	 April,	 the
temperature	 can	 hit	 120	 degrees.	 “The	 heat	 is	 like	 a	 slap	 in	 the
face,”	 Pruetz	 said.	 Trees	 are	 leafless.	 Water	 is	 scarce.	 Fires	 burn
across	 their	 territory.	 These	 chimps	 live	 in	 the	 hottest,	 most	 arid
place	 that	 chimps	 are	 known	 to	 exist.	 It	 is	 a	 brutal,	 apocalyptic
landscape	 that	 is	 totally	 unlike	 the	 lush	 forests	 and	 jungles	 that
every	other	chimp	on	the	planet	inhabits.

The	chimps	have	been	living	on	this	piece	of	turf	for	a	very	long
time.	 “Millennia,”	 Pruetz	 told	 me.	 Over	 time,	 the	 chimps	 gradually
evolved	a	catalogue	of	strange	behaviors—ones	rarely	if	ever	seen
in	 others.	 Forest	 chimpanzees	 get	 enough	 water	 from	 the	 fruit	 in
their	 diet,	 so	 they	 need	 less	 drinking	 water	 and	 can	 wander	 in
search	 of	 food.	 The	 Fongoli	 chimps,	 by	 contrast,	 require	 daily
drinking	water	and	anchor	themselves	to	reliable	water	sources	in
the	arid	landscape.

And	 while	 forest	 chimpanzees	 are	 active	 throughout	 the	 day,
Pruetz	 found	 that	 the	 savanna	 chimpanzees	 rest	 for	 five	 to	 seven
hours.	 Pruetz	 could	 often	 find	 them	 lurking	 in	 small	 caves	 in	 the
dry	 season,	 and	 when	 the	 rainy	 season	 arrived,	 the	 chimpanzees
would	slip	into	newly	formed	ponds	and	bob	there	for	hours.	Forest
chimpanzees	typically	spend	all	night	 in	nests	they	build	 in	trees.
But	 at	 Fongoli,	 the	 research	 team	 noticed	 that	 the	 chimpanzees
often	made	a	late-night	racket.

“During	 the	 hot	 season,	 the	 chimps	 totally	 change	 their
behavior,”	Pruetz	told	me.	They	stare	at	the	sky,	waiting	for	the	rain
they	know	is	coming.	At	Fongoli,	there	are	few	trees,	and	the	ones
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that	 are	 there	 don’t	 have	 many	 leaves	 for	 shade.	 On	 one
particularly	hot	day	a	few	years	ago,	Pruetz	watched	an	adolescent
chimp	 hiding	 in	 the	 shadow	 of	 a	 single	 tree	 trunk.	 As	 the	 day
passed,	 the	 chimp	 moved	 with	 the	 shadow,	 trying	 to	 escape	 the
heat.

Pruetz	 has	 also	 noticed	 something	 else,	 something	 that	 was
perhaps	 key	 to	 the	 whole	 human	 story:	 in	 the	 heat,	 the	 Fongoli
chimps	 spend	 more	 time	 standing	 up	 and	 walking	 around	 than
chimps	that	live	in	cooler	places.

Lucy	 lived	 in	 a	 rapidly	 changing	 world.	 It	 was	 nowhere	 near	 as
rapidly	changing	as	ours	is	today,	but	in	evolutionary	terms,	it	was
on	 the	 move.	 The	 climate	 of	 East	 Africa	 was	 growing	 hotter	 and
drier.	 Rain	 forests	 gave	 way	 to	 woodlands,	 and	 as	 the	 landscape
opened	 up,	 the	 savanna	 emerged.	 “Over	 the	 past	 three	 to	 four
million	 years,	 the	 scenery	 of	 East	 Africa	 shifted	 from	 the	 set	 of
Tarzan	 to	 that	 of	The	 Lion	 King,”	 writes	 Lewis	 Dartnell	 in	Origins:
How	Earth’s	History	Shaped	Human	History.	 Ethiopia’s	 Rift	Valley
became	 a	 very	 complex	 environment,	 with	 woods	 and	 highlands,
ridges,	 steep	 escarpments,	 hills,	 plateaus	 and	 plains,	 valleys,	 and
deep	freshwater	lakes	on	the	floor	of	the	rift,	which	was	gradually
widening.	 Meanwhile,	 volcanoes	 like	 Mount	 Kilimanjaro	 were
spewing	 pumice	 and	 ash	 across	 the	 whole	 region.	 New	 species
like	zebra	were	emerging	from	under	the	trees	and	appearing	in	the
grasslands.

In	 this	 dynamic	 new	 world,	 Lucy	 had	 to	 be	 nimble.	 Water
supplies	 were	 drying	 up	 and	 filling	 again	 with	 each	 passing
rainstorm.	Leopards	and	lions	lurked	in	the	ravines—she	was	both
predator	 and	 prey	 (we	 think	 of	 the	 world	 that	 she	 lived	 in	 as	 so
different	 from	 ours,	 but	 in	 fact,	 the	 creatures	 that	 made	 up	 East
Africa	 at	 that	 time	 were	 similar	 to	 what	 is	 there	 today—lions	 and
hyenas	 and	 elephants	 were	 all	 more	 or	 less	 the	 same).	 If	 the
behavior	 of	 chimps	 today	 is	 any	 indication,	 these	 early	 hominins
were	 wary	 of	 open	 ground,	 fleeing	 back	 into	 the	 safety	 of	 trees
whenever	 they	 could.	 The	 changing	 terrain,	 and	 the	 need	 to
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navigate	 through	 it,	 meant	 that	 the	 most	 vulnerable	 among	 them
were	killed	by	predators.	But	the	most	adaptive	ones	survived	and
learned	 new	 skills,	 including	 hunting	 with	 tools,	 which	 helped
them	 shift	 away	 from	 a	 diet	 of	 fruit	 and	 termites	 and	 small	 forest
creatures	to	a	more	meat-centric	diet,	including	gazelle	and	zebra,
which	they	might	have	hunted	in	groups.

Kevin	 Hunt,	 a	 professor	 of	 anthropology	 at	 Indiana	 University
who	 studies	 human	 evolution,	 believes	 bipedalism	 likely	 evolved
gradually,	 over	 a	 million	 years	 or	 so.	 Lucy	 was	 an	 example	 of	 the
first	phase—she	may	have	stood	up	both	to	escape	the	heat	and	to
help	her	reach	for	fruit.	The	second	phase,	marked	by	the	arrival	of
Homo	erectus,	had	elongated	limbs	that	allowed	them	to	walk	and
run	faster,	a	more	slender	body	that	better	dissipated	heat,	and	a
more	carnivorous	diet.

But	to	take	the	next	step	in	human	evolution,	to	really	allow	our
ancestors	 to	 range	 widely	 in	 the	 newly	 warmed	 world,	 they	 still
needed	 one	 more	 key	 evolutionary	 innovation.	 They	 needed	 to
learn	how	to	sweat.

In	 our	 human	 ancestors,	 the	 evolution	 of	 the	 sweat	 gland	 is	 even
more	complex	than	the	evolution	of	bipedalism.	Bipedalism	can	be
deduced	 from	 fossil	 bones.	 Sweat	 glands	 can’t.	 What	 is	 known
about	 them	 can	 only	 be	 inferred	 by	 hints	 of	 behavior	 patterns
found	in	other	ways,	and	by	the	evidence	we	see	in	our	own	bodies
and	in	the	bodies	of	other	animals.

What	 is	 clear	 is	 that	 as	 Lucy	 and	 her	 generation	 made	 their
way	out	of	the	trees	and	into	the	savanna,	they	had	to	contend	with
heat	 in	a	way	that	they	never	did	when	living	 in	the	trees.	 In	both
cases,	our	ancestors	came	up	with	important	innovations	that	still
have	big	implications	for	how	we	live	today.

First,	 there	 was	 sunlight	 to	 deal	 with.	 As	 they	 wandered	 out
from	 under	 the	 trees,	 our	 ancestors	 were	 exposed	 to	 more	 and
more	ultraviolet	radiation,	which	damages	the	cellular	structure	of
skin	 and	 can	 harm	 DNA.	 So	 Lucy	 and	 her	 ancestors	 evolved	 the
ability	to	produce	melanin,	the	dark-brown	pigment	that	acts	as	a
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natural	sunscreen.	For	several	million	years,	our	ancestors	were	all
dark-skinned.	 It	 was	 only	 after	 they	 migrated	 out	 of	 Africa	 and
settled	 in	 more	 northern	 climates,	 and	 in	 high	 latitudes,	 that	 dark
skin	 became	 an	 evolutionary	 disadvantage	 because	 it	 limited	 the
sunlight	getting	through	to	trigger	the	production	of	vitamin	D.	So
in	regions	where	the	sunlight	was	less	intense,	lighter	skin	had	an
advantage.

Dealing	 with	 heat	 was	 more	 complex.	 In	 warm-blooded
animals,	 more	 sunlight	 means	 more	 heat.	 More	 activity	 means
more	heat	too.	How	far	you	can	chase	a	wounded	antelope	in	the
heat	 depends	 on	 how	 well	 you	 manage	 heat.	 On	 the	 African
savanna	if	you	overheat,	you	go	hungry.	In	addition,	our	ancestors’
brains	were	evolving,	and	getting	bigger.	But	big	brains	require	a	lot
of	 cooling,	 and	 so	 developing	 a	 robust	 cooling	 system	 was
important	to	advancing	other	skills,	such	as	toolmaking.

The	 solution	 that	 evolution	 came	 up	 with	 was	 to	 build	 what
amounts	to	an	internal	sprinkler	system	that	douses	our	skin	with
water	when	we	get	too	hot.	As	the	water	evaporates,	 it	carries	the
heat	off	with	 it,	cooling	off	our	skin	and	the	blood	circulating	 just
below	 it.	 When	 that	 cooler	 blood	 circulates,	 it	 brings	 down	 the
temperature	in	our	bodies.

If	you’ve	ever	ridden	a	horse	on	a	hot	day,	you	know	that	other
animals	 sweat.	 Horses,	 as	 well	 as	 many	 other	 mammals,	 have	 a
particular	 kind	 of	 sweat	 gland	 that	 is	 part	 of	 their	 hair	 follicles
called	 an	 apocrine	 gland.	 It	 sends	 out	 a	 thick,	 milky	 white	 liquid.
You	 see	 it	 most	 clearly	 on	 racehorses,	 which	 sometimes	 finish	 a
race	 looking	 like	 their	 necks	 are	 covered	 in	 shaving	 cream	 (thus
the	 origin	 of	 the	 phrase	 “get	 in	 a	 lather”).	 Many	 furred	 mammals
have	 apocrine	 glands,	 including	 camels	 and	 donkeys,	 as	 well	 as
chimpanzees.	These	glands	help	with	heat	management,	but	they
can’t	really	dissipate	a	lot	of	heat	fast.

Humans	have	some	apocrine	glands	in	our	armpits	and	pubic
areas,	 which	 are	 evolutionary	 leftovers	 from	 an	 earlier	 time.	 They
respond	to	nerves	as	well	as	heat,	and	are	why	your	armpits	sweat
in	 an	 interview,	 and	 also	 why	 your	 sweat	 has	 a	 particular	 odor.
Some	 anthropologists	 think	 that	 smell	 is	 an	 ancient	 sexual
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attractant;	that	it’s	one	of	the	ways	we	got	to	know	one	another.
But	 while	 our	 ancestors	 were	 hunting	 for	 food	 in	 the	 heat	 on

the	 African	 savanna,	 they	 also	 perfected	 a	 much	 better	 heat
management	 tool,	 which	 is	 the	 eccrine	 sweat	 gland.	 Instead	 of
creating	 a	 lather,	 it	 is	 basically	 a	 mechanism	 to	 squirt	 water	 on
your	 body,	 which	 will	 then	 evaporate	 and	 cool	 you	 off.	 It’s	 simple
but	 brilliant.	 Hominins	 didn’t	 invent	 the	 eccrine	 gland.	 Old	 World
monkeys	 like	 macaques	 have	 equal	 parts	 eccrine	 and	 apocrine
glands.	 Our	 closer	 relatives,	 chimpanzees	 and	 gorillas,	 bear
roughly	two	eccrine	for	every	one	apocrine	gland.	But	beyond	the
apocrine	 leftovers	 in	 our	 armpits	 and	 pubic	 areas,	 human	 sweat
glands	are	all	eccrine.

Today,	you	and	I	have	about	two	million	of	these	sweat	glands
on	 our	 body.	 The	 glands	 themselves	 are	 like	 little	 coiled	 tubes
buried	 in	 your	 skin.	 They	 are	 tiny,	 the	 size	 of	 a	 cell—you	 need	 a
microscope	 to	 see	 them.	 They	 are	 not	 evenly	 distributed	 on	 your
body:	 you	 have	 the	 most	 sweat	 glands	 on	 your	 hands,	 feet,	 and
face,	and	the	least	on	your	butt.	Sex	differences	are	small.	Women
often	have	more	sweat	glands	in	any	given	area	than	men,	but	men
often	have	a	higher	maximum	sweating	rate.	The	liquid	the	glands
secrete	is	99.5	percent	water—its	only	function	is	to	wet	your	skin.
In	hot	weather,	most	people	can	easily	sweat	one	quart	per	hour	or
12	 quarts	 a	 day,	 which	 is	 about	 ten	 times	 more	 than	 a	 chimp
sweats.

To	make	our	sweat	glands	even	more	effective,	however,	Lucy’s
offspring	 made	 another	 evolutionary	 adjustment:	 they	 lost	 their
body	 hair.	 For	 the	 evaporative	 sweat	 to	 really	 work,	 hair	 (or	 fur,
which	is	just	another	name	for	hair	on	nonhuman	animals)	gets	in
the	way,	matting	down	when	wet	and	interfering	with	the	efficient
transfer	of	heat	away	from	your	body.	The	only	place	we	still	have
significant	hair	is	on	our	heads,	and	that’s	because	our	brains	are
so	sensitive	to	heat,	and	in	this	situation,	hair	works	as	a	sunshade
to	help	keep	our	brains	cool.	(It	also	adds	cushioning	in	a	fall.)

The	loss	of	hair	on	our	bodies	and	the	development	of	eccrine
sweat	 glands	 were	 important	 evolutionary	 events,	 perhaps	 as
important	as	the	use	of	tools	or	fire.	Other	animals	on	the	African



important	as	the	use	of	tools	or	fire.	Other	animals	on	the	African

savanna	 had	 developed	 heat	 stress	 strategies—the	 simplest	 of
which	is	panting.	But	for	a	predator,	panting	is	not	a	great	strategy.
A	lion	or	a	hyena	can	move	very	fast	for	short	distances,	but	it	can’t
pant	while	it	runs.	In	the	heat,	it	has	to	stop,	rest,	pant,	and	recover
its	thermal	equilibrium.	Humans	figured	out	a	way	to	keep	cool	 in
motion.	We	don’t	have	to	stop	and	pant.	We	sweat	as	we	go.	In	the
story	 of	 human	 evolution,	 this	 was	 a	 very	 big	 deal.	 By	 managing
heat,	humans	were	able	to	go	farther	from	water	holes,	begin	long-
distance	travel,	and	expand	their	hunting	range.

Humans	 became	 excellent	 hot-weather	 hunters.	 They	 could
venture	 out	 in	 the	 heat	 of	 the	 day	 when	 other	 animals	 couldn’t,
giving	 them	 a	 predatory	 advantage.	 By	 the	 time	 Homo	 erectus
appeared	about	two	million	years	ago,	our	ancestors	were	on	their
way	 to	 becoming	 endurance	 athletes,	 with	 long	 legs,	 nimble	 feet,
and	 strong	 leg	 and	 hip	 muscles.	 With	 their	 superior	 heat
management	systems,	they	could	literally	run	down	an	animal	until
it	 has	 heatstroke.	 This	 practice	 continues	 today.	 In	 the	 Kalahari
Desert	in	southern	Africa,	modern	hunter-gatherers	are	able	to	kill
a	kudu,	a	kind	of	antelope	that	is	far	faster	than	humans	over	short
distances,	by	chasing	it	for	hours	in	the	middle	of	the	hot	day,	until
it	literally	collapses	of	heat	exhaustion.1

But	 the	 heat	 management	 strategies	 of	 humans,	 like	 those	 of
all	 living	 things,	 have	 been	 optimized	 for	 the	 Goldilocks	 Zone	 we
have	been	living	in	for	the	last	ten	thousand	years	or	so.	They	are	a
holdover	 from	 a	 world	 that	 is	 changing	 fast—far	 too	 fast	 for
evolutionary	 selection	 to	 keep	 up.	 When	 it	 comes	 to	 heat
management,	 we	 are	 like	 actors	 in	 Hollywood’s	 silent	 era	 who
suddenly	 find	 themselves	 cast	 in	 speaking	 roles.	 We	 know	 the
script,	 but	 our	 skills	 are	 no	 longer	 well-matched	 for	 the	 world	 we
live	in.

Footnote
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1	There	is	a	common	but	false	belief	that	our	ancestors	in	hot	climates	developed	a	taste	for	spicy
foods	 because	 it	 made	 them	 sweat.	 In	 fact,	 a	 taste	 for	 spicy	 foods	 likely	 arose	 because	 before
refrigeration,	 spices	 worked	 as	 a	 food	 preservative,	 which	 is	 particularly	 important	 in	 hot	 places
where	food	spoils	quickly.	Garlic,	onion,	allspice	and	oregano	are	excellent	bacteria	killers,	as	are
thyme,	 cinnamon,	 tarragon	 and	 cumin.	 “People	 who	 enjoyed	 food	 with	 antibacterial	 spices
probably	 were	 healthier,	 especially	 in	 hot	 climates,”	 evolutionary	 biologist	 Paul	 Sherman	 said.
“They	lived	longer	and	left	more	offspring.	And	they	taught	their	offspring:	‘This	is	how	to	cook	a

mastodon.’”	
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3.	HEAT	ISLANDS

ON	 A	 SCORCHING	 day	 in	 downtown	 Phoenix,	 when	 the	 temperature
soars	 to	 115	 degrees	 or	 more,	 the	 sunshine	 assaults	 you,	 pushing
you	to	seek	cover.	The	air	feels	solid,	a	hazy,	ozone-soaked	curtain
of	 heat.	 You	 feel	 it	 radiating	 up	 from	 the	 parking	 lot	 through	 your
shoes.	 Metal	 bus	 stops	 on	 Van	 Buren	 Street	 become	 convection
ovens.	 Flights	 are	 delayed	 at	 Sky	 Harbor	 International	 Airport
because	the	planes	can’t	get	enough	lift	in	the	thin,	hot	air.	At	City
Hall,	where	the	entrance	to	the	building	is	emblazoned	with	a	giant
metallic	emblem	of	the	sun,	workers	eat	lunch	in	the	lobby	rather
than	venture	outside	to	nearby	restaurants.	On	the	outskirts	of	the
city,	 power	 lines	 sag	 and	 buzz,	 overloaded	 with	 electrons	 as	 the
demand	for	air-conditioning	soars	and	the	entire	grid	is	pushed	to
the	max.	In	an	Arizona	heat	wave,	electricity	is	not	a	convenience.
It	is	a	tool	for	survival.

Modern	 cities	 are	 empires	 of	 asphalt	 and	 concrete	 and	 steel,
materials	that	absorb	and	amplify	heat	during	the	day,	then	radiate
it	 out	 at	 night.	 Air	 conditioners	 exhaust	 hot	 air,	 exacerbating	 the
problem	 of	 urban	 heat	 buildup.	 Downtown	 Phoenix	 can	 be	 as
much	 as	 twenty	 degrees	 hotter	 than	 the	 surrounding	 area.	 New
York	 City	 averages	 two	 to	 five	 degrees	 warmer	 than	 its	 leafy
suburbs	during	the	day—and	sometimes	twenty	degrees	warmer	at
night.	 This	 phenomenon,	 known	 to	 city	 planners	 and	 heat
researchers	 as	 the	 urban	 heat	 island	 effect,	 is	 so	 pervasive	 that
climate	 skeptics	 once	 claimed	 that	 climate	 change	 is	 merely	 an
illusion	 created	 by	 thousands	 of	 once-rural	 meteorological
stations	 becoming	 surrounded	 by	 urban	 development	 (the
argument,	 like	 most	 arguments	 pushed	 by	 climate	 skeptics,	 has
been	thoroughly	debunked).

“For	 cities,	 the	 urban	 heat	 island	 effect	 has	 had	 far	 more
impact	 on	 local	 temperatures	 than	 climate	 change	 itself,”	 said
David	 Hondula,	 a	 scientist	 at	 Arizona	 State	 University	 and	 the
director	of	heat	response	and	mitigation	for	the	city	of	Phoenix.
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In	 2021,	 there	 were	 339	 heat-related	 deaths	 in	 Maricopa
County.	That	might	not	sound	like	a	lot,	especially	compared	to	the
70,000	 people	 who	 died	 in	 just	 a	 few	 days	 during	 a	 heat	 wave	 in
Europe	 in	 2003,	 but	 it	 was	 more	 than	 triple	 the	 number	 from	 a
decade	earlier,	before	the	city	had	begun	taking	deliberate	action
against	 heat.	 And	 the	 trend	 fit	 with	 the	 growing	 number	 of	 heat-
related	deaths	in	cities.	A	recent	study	by	the	National	Academy	of
Sciences	 found	 that	 globally,	 the	 heat	 risk	 in	 urban	 areas	 tripled
over	the	last	forty	years,	putting	1.7	billion	people	at	risk.	Unless	we
take	dramatic	action	to	reduce	CO2	pollution	and	change	how	we
live,	the	number	of	people	at	risk	will	grow	exponentially.	By	2050,
70	percent	of	the	world’s	population	will	live	in	cities.

The	cascading	dangers	of	extreme	heat	in	urban	areas	are	just
beginning	to	be	understood,	even	in	places	like	Phoenix,	which	has
long	 been	 one	 of	 the	 hottest	 big	 cities	 in	 America.	 To	 Mikhail
Chester,	 the	 director	 of	 the	 Metis	 Center	 for	 Infrastructure	 and
Sustainable	Engineering	at	Arizona	State	University	(ASU),	the	risk
of	 a	 heat-driven	 catastrophe	 increases	 every	 year.	 “What	 will	 the
Hurricane	Katrina	of	extreme	heat	look	like?”	he	wondered	aloud	as
we	sat	in	a	café	near	the	ASU	campus	a	few	years	ago.	Hurricane
Katrina,	 which	 hit	 New	 Orleans	 in	 2005,	 resulting	 in	 nearly	 two
thousand	deaths	and	more	than	$100	billion	in	economic	damage,
demonstrated	 just	 how	 unprepared	 a	 city	 can	 be	 for	 extreme
climate	events.

“Hurricane	 Katrina	 caused	 a	 cascading	 failure	 of	 urban
infrastructure	in	New	Orleans	that	no	one	really	predicted,”	Chester
explained.	 “Levees	 broke.	 People	 were	 stranded.	 Rescue
operations	 failed.	 Extreme	 heat	 could	 lead	 to	 a	 similar	 cascading
failure	in	Phoenix,	exposing	vulnerabilities	and	weaknesses	in	the
region’s	infrastructure	that	are	difficult	to	foresee.”

In	 Chester’s	 view,	 a	 Phoenix	 heat	 catastrophe	 begins	 with	 a
blackout.	It	could	be	triggered	any	number	of	ways.	On	a	hot	day,	a
wildfire	 knocks	 out	 a	 major	 power	 line.	 A	 substation	 blows.	 A
Russian	 hacker	 crashes	 the	 grid.	 In	 2011,	 a	 utility	 worker	 doing
routine	maintenance	near	Yuma	caused	the	 loss	of	a	500-kilavolt
power	 line	 that	 began	 a	 rolling	 blackout	 that	 shut	 off	 power	 for
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twelve	hours	to	seven	million	people,	including	virtually	the	entire
city	 of	 San	 Diego,	 causing	 economic	 losses	 of	 $100	 million.	 “A
major	blackout	in	Phoenix	could	easily	cost	billions,”	said	Chester.

When	 a	 city	 like	 Phoenix	 goes	 dark,	 the	 comforts	 and
conveniences	 of	 modern	 life	 fray.	 Without	 air-conditioning,
temperatures	 in	 homes	 and	 office	 buildings	 soar.	 (Ironically,	 new,
highly	efficient	LEED-certified	buildings	are	tightly	sealed,	making
them	 dangerous	 heat	 traps	 when	 the	 power	 goes	 out.)	 Traffic
signals	fail.	Highways	gridlock	with	people	fleeing	the	overheated
city.	 Without	 power,	 gas	 pumps	 don’t	 work,	 leaving	 vehicles
stranded	 with	 empty	 tanks.	 Underground	 water	 pipes	 crack	 from
the	heat,	and	water	pumps	fail,	leaving	people	scrounging	for	fresh
water.	 Hospitals	 overflow	 with	 people	 suffering	 from	 heat
exhaustion	 and	 heatstroke.	 If	 there	 are	 wildfires	 in	 the	 nearby
mountains,	the	air	will	become	hazy	and	difficult	to	breathe.	If	the
blackout	 continues	 for	 more	 than	 thirty-six	 hours	 or	 so,	 it’s	 likely
the	National	Guard	will	need	to	be	called	in	to	maintain	order	and
control	widespread	looting	and	general	mayhem.

And	people	will	start	dying.	How	many?	“Katrina-like	numbers,”
Chester	predicted.	Which	is	to	say,	thousands.

In	 the	 café,	 Chester	 described	 all	 this	 coolly,	 as	 if	 a	 Phoenix
heat	apocalypse	is	a	matter	of	fact,	not	hypothesis.

“How	likely	is	this	to	happen?”	I	asked.
“I’d	say	the	odds	are	about	the	same	as	the	odds	that	another

big	hurricane	will	hit	New	Orleans,”	Chester	explained.	“It’s	more	a
question	of	when,	not	if.”

A	hot	city	is	different	than	a	hot	jungle	or	a	hot	desert.	Urban	heat
feels	 crueler	 and	 more	 intimate	 than	 the	 heat	 you	 feel	 in	 nature.
Despite	 the	 fact	 that	 cities	 are	 full	 of	 people,	 urban	 heat	 has	 the
perverse	 effect	 of	 creating	 islands	 of	 isolation	 and	 hardship	 for
anyone	 without	 the	 means	 or	 the	 social	 connections	 to	 access
cool	 spaces.	 It	 makes	 the	 hardship	 of	 poverty	 harder	 and	 turns
even	the	simplest	tasks	of	daily	life	into	risky	adventures.

Consider	 Anjalai	 (she	 asked	 that	 her	 last	 name	 not	 be	 used),
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who	 is	 thirty-nine	 years	 old,	 with	 broad	 shoulders	 and	 a	 kind	 of
eagerness	 in	 her	 eyes	 that	 suggests	 she’s	 always	 thinking	 of	 the
next	 question	 to	 ask.	 She	 has	 a	 gold	 ring	 in	 her	 right	 nostril,	 and
often	wears	gold	earrings	with	a	small	pearl	dangling	at	the	end	of
a	 tiny	 gold	 chain.	 She	 lives	 with	 her	 seventeen-year-old	 daughter
and	 forty-nine-year-old	 husband	 in	 a	 hut	 with	 a	 palm-leaf	 roof	 in
the	Ramapuram	neighborhood	of	Chennai,	a	city	of	eleven	million
in	 southern	 India.	 Chennai	 is	 home	 to	 some	 of	 the	 richest
entrepreneurs	and	businesspeople	in	India;	it	is	also	home	to	more
than	 a	 million	 people	 like	 Anjalai	 who	 live	 in	 slums	 that	 are
wildernesses	of	discarded	plastic	and	hungry	dogs.

Anjalai’s	hut	is	small,	about	three	hundred	square	feet.	It	is	neat
and	tidy,	with	a	single	circulating	fan	on	the	ceiling.	Chennai,	which
is	not	far	from	the	equator,	is	hot	and	humid	most	of	the	year.	But
May	is	a	particularly	brutal	month.	The	temperature	during	the	day
is	 almost	 always	 90	 degrees	 or	 above,	 and	 it	 barely	 cools	 off	 at
night.	 There’s	 none	 of	 the	 sharpness	 of	 the	 dry	 desert	 heat	 in
Phoenix.	 In	 Chennai,	 your	 sweat	 doesn’t	 evaporate,	 it	 just	 pools
around	 you.	 It’s	 jungle	 heat,	 thick	 and	 heavy,	 although	 the	 jungle
that	 once	 covered	 this	 landscape	 is	 just	 a	 memory,	 long	 paved
over	and	concreted.	The	big	tamarind	trees,	the	coconut	palms,	the
banana	 trees,	 the	 neem	 trees	 with	 their	 long,	 slender	 leaves—
they’re	mostly	all	gone.	The	percentage	of	tree	cover	in	Chennai	is
now	about	the	same	as	in	Phoenix.

During	 May,	 when	 I	 met	 her,	 Anjalai’s	 daily	 routines	 were
defined	 and	 driven	 by	 heat.	 In	 the	 morning,	 she	 ate	 cold	 rice
porridge,	which	she	believes	helps	cool	her	body.	Every	day,	before
she	 left	 for	 work,	 she	 wetted	 down	 the	 thatched	 roof	 of	 their	 hut,
then	 spread	 water	 around	 the	 dirt	 at	 the	 base	 of	 the	 hut.	 The
dampness,	 she	 said,	 helps	 absorb	 the	 heat.	 She	 moved	 slowly,
preserving	her	strength	for	the	day.

“How	are	you	feeling,	Anan?”	she	always	asked	her	husband.
Anjalai	worried	about	him	every	day.	He	has	a	heart	condition,

and	the	stress	of	the	heat	is	hard	on	him.	He	works	in	construction,
which	means	he	is	outdoors	most	of	the	day	in	the	sun.	He	gets	no
respite	 in	 air-conditioning,	 no	 cool	 water	 to	 dunk	 himself	 in.	 She
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would	 like	 him	 to	 stay	 home,	 but	 they	 need	 the	 money,	 so	 he
usually	works	a	few	days	a	week	to	help	pay	the	bills.	They	cannot
afford	a	mobile	phone,	so	Anjalai	fears	that	if	something	happens
to	him,	she	won’t	hear	about	 it	 for	many	hours.	 “Today,	he	stayed
home,”	Anjalai	 told	 me	 one	 day,	 and	 I	 could	 hear	 the	 relief	 in	 her
voice.

At	 around	 11	 a.m.	 every	 day	 except	 Sunday,	 she	 goes	 to	 work
cleaning	houses.	She	rides	through	the	city	on	her	rusted-out	one-
speed	 bike	 with	 tires	 whitened	 by	 the	 sun.	 She	 has	 five	 or	 six
houses	she	cleans	every	week,	in	a	random	rotation.	They	are	rich
people’s	 houses,	 by	 which	 Anjalai	 means	 they	 are	 houses	 of
people	 who	 have	 jobs	 and,	 therefore,	 houses	 with	 nice	 windows
and	 big	 rooms	 and	 air-conditioning.	 Working	 indoors	 gives	 her
some	relief.	She	often	thinks	of	her	husband,	and	feels	guilty	that
she	can	cool	off	but	he	can’t.	But	that	feeling	doesn’t	last	too	long.
Inevitably,	she	must	go	up	on	the	roof	to	clean	up	there	too	(many
rooftops	in	Chennai	double	as	living	spaces).	The	sun	burns	in	the
sky	and	the	air	is	thick	and	heavy.	“It	almost	hurts	to	be	up	there,”
she	 told	 me.	 Sometimes	 when	 she	 is	 working	 on	 the	 roof,	 she
thinks	about	the	village	where	she	grew	up,	in	a	rural	area	outside
of	Chennai,	where	there	were	trees	that	she	could	sit	beneath	for
shade,	watching	the	branches	blow	in	the	wind	and	eating	pieces
of	cool	coconut.	By	the	time	she	was	twenty,	she	and	her	husband
were	married	and	her	family	moved	to	the	city	to	seek	jobs	and	try
to	build	a	better	life.

When	they	arrived	in	2004,	Chennai	was	booming,	with	thriving
auto,	 health	 care,	 tech,	 and	 film	 industries.	There	 were	 still	 a	 few
signs	 of	 old	 Madras,	 as	 the	 city	 used	 to	 be	 known,	 like	 the	 Ice
House,	 built	 in	 1842	 by	 American	 businessman	 Frederic	 Tudor.
Tudor	 cut	 blocks	 of	 ice	 out	 of	 lakes	 and	 ponds	 in	 New	 England,
packed	 them	 in	 sawdust,	 then	 shipped	 them	 around	 the	 world.
New	 England	 ice	 was	 wildly	 popular	 among	 the	 Brits	 living	 in
Madras,	 who	 loved	 to	 sip	 gin	 and	 tonics	 under	 the	 banana	 trees.
Tudor’s	 business	 collapsed	 with	 the	 coming	 of	 ice	 machines	 and
other	 modern	 conveniences,	 but	 the	 Ice	 House	 still	 stands	 in
Chennai,	down	near	the	beach.



Back	in	those	days,	Chennai	was	a	gentler	city.	The	roads	were
dirt,	 still	 shaded	 by	 patches	 of	 jungle.	 Homes	 and	 buildings	 had
thick	roofs	made	of	brick	and	wood	and	plaster,	known	as	Madras
roofs,	 that	 helped	 to	 keep	 them	 cool.	 Streets	 were	 arranged	 to
capture	 the	 breeze	 that	 comes	 in	 off	 the	 Bay	 of	 Bengal.	 Buildings
were	 deliberately	 constructed	 with	 space	 between	 them,	 so	 air
could	flow	freely.	There	was	plenty	of	water,	most	of	it	drawn	from
neighborhood	wells.	It	was	hot,	but	you	drank	buttermilk	or,	 if	you
were	lucky,	gin	and	tonics.	You	moved	slowly	and	you	coped	with
it.	It	was	life	in	the	tropics.

But	 then	 the	 great	 urbanization	 of	 India	 began	 in	 the	 1970s.
Unlike	Delhi	and	other	cities,	which	went	vertical,	Chennai	spread
horizontally.	Wetlands	and	swamps	were	covered	over.	The	arrival
of	 air-conditioning	 meant	 that	 when	 they	 built	 things	 now,
developers	 and	 city	 officials	 didn’t	 bother	 to	 think	 about	 sea
breezes	or	airflow.	Traditional	wells	were	replaced	with	deep-bore
wells,	which	were	dependent	on	the	region’s	deep	aquifer,	which,
among	other	things,	was	prone	to	saltwater	intrusions	that	made	it
undrinkable.

Chennai	is	now	India’s	sixth-largest	city,	with	a	population	five
times	larger	than	Paris.	Nearly	a	hundred	square	miles	of	land	has
been	paved	over	or	developed.	Eighty	percent	of	the	wetlands	are
gone.

The	 costs	 of	 this	 development	 have	 become	 apparent—not
just	with	heat,	but	with	water.	In	2015,	after	days	of	violent	rainfall,
the	concrete	and	asphalt	channeled	all	the	water	into	the	city	and
nearly	drowned	it.	Then	in	2019,	much	of	India	baked	under	a	heat
wave	 with	 temperatures	 as	 high	 as	 123	 degrees.	 In	 Chennai,	 the
heat	was	made	all	the	more	brutal	by	the	fact	that	 it	was	running
out	of	water.	The	city	gets	an	average	of	about	fifty-five	inches	of
rainfall	 a	 year,	 more	 than	 twice	 the	 amount	 that	 falls	 on	 London.
Yet	 in	 2019,	 due	 to	 poor	 water	 storage,	 people	 in	 the	 city	 did	 not
have	 enough	 to	 drink.	 Ten	 million	 liters	 of	 water	 were	 trucked	 in
each	day	until	the	heat	faded.	As	one	journalist	wrote,	“The	ancient
south	Indian	port	has	become	a	case	study	in	what	can	go	wrong
when	industrialization,	urbanization	and	extreme	weather	converge
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and	 a	 booming	 metropolis	 paves	 over	 its	 flood	 plain	 to	 satisfy
demand	for	new	homes,	factories	and	offices.”

After	Anjalai	finished	cleaning	the	rooftop,	she	rode	her	bike	a
few	miles	through	the	crowded	streets	to	the	Pudiyador	school,	a
private	school	started	twenty	years	ago	by	a	university	professor	to
help	slum	kids	prep	for	college.	Anjalai	had	started	working	there
years	 ago,	 helping	 to	 clean	 the	 buildings.	 But	 the	 school
administrators	noticed	she	was	good	with	kids	and	loved	to	learn,
so	they	gave	her	a	job	as	a	part-time	teacher.	And	that	worked	out
so	 well	 that	 she	 became	 a	 full-time	 teacher,	 working	 from	 4	 to	 8
p.m.	every	day	with	a	group	of	seven-	and	eight-year-olds.	For	this,
she	earns	a	paycheck	of	$70	per	month.

As	she	pedaled	through	the	city	one	day	 in	 late	May,	her	gold
sari	flowing	out	behind	her,	the	afternoon	heat	parted	like	water	in
front	 of	 her.	 May	 brings	 Agni	 Nakshatram	 (scorching	 star),	 a
celebration	of	early	summer	and	of	Lord	Murugan,	a	Hindu	god	and
god	 of	 war.	 The	 intense	 heat	 of	 May	 is	 sometimes	 called	Kathiri
Veyil	(scissor	veil),	because	the	sun’s	rays	feel	as	sharp	as	scissors
on	 your	 skin.	 Traditionally,	 people	 in	 Chennai	 avoid
housewarmings,	marriages,	and	other	gatherings	during	this	time.
They	 stop	 eating	 meat	 and	 drinking	 refrigerated	 water.	 Instead,
they	 drink	 sweet	 warm	 water	 and	 lemon	 juice,	 or	 water	 suffused
with	 cumin	 seeds.	 One	 physician	 I	 talked	 to	 recommended	 oil
baths	 twice	 a	 week,	 and	 drinking	 fenugreek	 water	 (to	 make
fenugreek	 water,	 fifteen	 fenugreek	 seeds,	 which	 smell	 like	 maple
syrup	 and	 have	 long	 been	 used	 in	 India	 as	 a	 medicinal	 herb,	 are
dropped	 into	 a	 glass	 of	 water	 at	 night,	 then	 consumed	 the	 next
morning).1

When	Anjalai	arrived	at	Pudiyador	on	her	bike,	she	was	sweaty,
her	 face	 flushed,	 but	 she	 did	 not	 complain.	 Because	 of	 the
Covid-19	pandemic,	the	classroom	was	empty—as	for	many	other
teachers	 in	 the	 world,	 teaching	 had	 gone	 virtual.	 She	 grabbed	 a
laptop	out	of	a	locked	closet,	then	sat	on	a	mat	on	the	floor	in	the
center	 of	 the	 pink	 room,	 her	 legs	 crossed.	 A	 fan	 spun	 above	 her.
The	 school	 administrators	 refused	 to	 install	 air-conditioning
because	 they	 fear	 it	 will	 spoil	 kids	 and	 make	 it	 more	 difficult	 for
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them	to	cope	with	the	heat	when	they	are	at	home.
Anjalai	spent	the	next	four	hours	sitting	on	the	floor	staring	at

her	 computer,	 talking	 with	 kids	 in	 Tamil	 about	 their	 math	 and
geography	 assignments.	 The	 lights	 flickered.	 The	 connection	 on
her	laptop	failed	several	times,	and	she	had	to	reconnect.

A	 little	 after	 8	 p.m.,	 she	 finished.	 She	 closed	 the	 laptop	 and
stowed	it	again	in	the	locked	closet.	Then	she	climbed	back	on	her
bike	 and	 pedaled	 home	 through	 the	 steamy	 night.	 Dogs	 barked.
Men	 squatted	 in	 a	 circle	 in	 the	 street,	 talking	 quietly.	 The	 air
smelled	 of	 rot,	 of	 drying	 laundry,	 of	 jasmine,	 of	 stagnant	 water.
There	 would	 be	 no	 break	 from	 the	 heat	 in	 the	 darkness,	 just	 the
heavy	weight	of	it	all	night	long,	until	the	sun	came	up	and	the	day
began	again.

Cities	 like	 Phoenix	 have	 what	 are	 known	 as	 cooling	 centers	 that
open	 when	 the	 heat	 is	 on.	 Often	 they	 are	 libraries	 or	 community
centers	 with	 air-conditioning	 and	 snacks	 and	 cold	 water	 to	 drink.
In	 theory,	 they	 offer	 refuge	 from	 the	 heat	 for	 people	 who	 have	 no
refuge	 of	 their	 own.	 Most	 of	 the	 cooling	 centers	 I’ve	 visited	 have
only	had	a	handful	of	people	in	them,	which,	when	you	think	about
it,	is	not	surprising.	The	people	who	need	them	most	are	often	the
people	who	don’t	have	the	means	to	get	there.

So	 some	 Good	 Samaritans	 take	 to	 the	 streets	 to	 meet	 people
where	 they	 are.	 One	 hot	 afternoon,	 I	 drove	 around	 in	 Glendale,	 a
town	 just	 outside	 of	 Phoenix,	 with	 Brian	 Faretta	 and	 Rich	 Heitz,
who	were	both	ministers	in	training	at	the	Phoenix	Rescue	Mission,
a	 charitable	 church-based	 group	 dedicated	 to	 getting	 people	 off
the	streets.	The	group	had	just	launched	an	initiative	called	Code:
Red	to	pass	out	water	and	other	essentials	to	people	on	the	street
during	heat	waves.	“Our	strategy	is	simple,”	Heitz	explained	to	me.
“We	find	people	and	give	them	water	and	try	to	get	them	out	of	the
heat.”

Heitz,	forty-eight,	has	lived	in	Arizona	most	of	his	adult	life.	He
is	a	gentle	man	with	a	goatee	and	a	Harley-Davidson	cap	(when	he
showed	me	a	picture	of	his	’99	Harley	Road	King,	he	said,	only	half
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joking,	 “This	 is	 God”).	 Before	 he	 joined	 Phoenix	 Rescue	 Mission,
Heitz	 spent	 seven	 years	 on	 the	 streets	 of	 Phoenix	 as	 a	 heroin
addict.	“I	 lost	myself	 in	numbness,”	he	says.	He	spent	a	few	years
in	jail	for	various	charges	and	has	now	gone	clean	and	is	devoting
his	life	to	helping	others	do	the	same.

We	 pulled	 into	 Sands	 Park,	 a	 typical	 suburban	 rec	 area	 with
basketball	courts	and	picnic	areas.	Heitz	and	Faretta	headed	over
to	 a	 concrete	 bathroom,	 where	 they	 found	 a	 middle-aged	 woman
sitting	in	the	shade	on	the	floor	near	the	entrance.

She	 had	 sunburned	 brown	 skin	 and	 long	 gray	 hair	 and	 a
pleasant	 smile.	 She	 was	 dressed	 in	 soiled	 jeans	 and	 a	 T-shirt.
Beside	her	was	what	looked	like	a	children’s	coloring	book.	On	the
cover,	written	in	red	crayon,	were	the	words	“It’s	Raining	Love.”

“How	are	you	doing,	Sherri?”	Heitz	asked	her.	“You	doing	okay	in
the	heat?”

I	 noticed	 her	 face	 was	 flushed,	 and	 there	 were	 rings	 of	 sweat
under	her	arms.

“Yeah,	I’m	keeping	cool.”
Heitz	offered	her	a	couple	of	bottles	of	water,	which	she	took,

stockpiling	them	beside	her.
As	we	walked	back	to	the	van,	Heitz	said	this	summer	would	be

brutal	 for	her	and	for	all	 the	homeless	 in	the	city.	 “If	you’re	smart,
you	figure	out	ways	to	survive,	to	adapt,”	he	said.	“You	find	friends
with	 cool	 houses	 where	 you	 can	 crash	 during	 the	 day.	 You	 learn
which	churches	are	open.”

But	 not	 everyone	 figures	 it	 out.	 Heitz	 told	 me	 about	 a	 man	 he
found	lying	in	the	heat	on	the	sidewalk	last	summer.	His	face	was
flushed,	his	eyes	were	dilated,	and	he	wasn’t	moving.	“I	called	911,
and	 they	 took	 him	 to	 the	 hospital,”	 Heitz	 said.	 “The	 guy	 was
cooking	right	there	on	the	sidewalk.”

Climate	 change	 compounds	 risks	 for	 cities:	 heat,	 floods,	 failing
infrastructure,	 displaced	 people.	 After	 the	 floods	 in	 2015,	 which
submerged	 large	 parts	 of	 Chennai,	 the	Tamil	 Nadu	 Urban	 Habitat
Development	 Board	 in	 Chennai	 began	 moving	 people	 out	 of	 huts
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and	shacks	in	low-lying	areas	of	the	city	and	forcibly	moving	them
to	“safer”	housing.	One	of	these	people	was	named	Mercy	Muthu.
She	and	her	family	were	relocated	to	a	high-rise	building	about	ten
miles	away,	in	a	development	called	Perumbakkam.

Perumbakkam	 is	 a	 world	 unto	 itself,	 a	 collection	 of	 concrete
high-rises	 in	 a	 forgotten	 corner	 of	 the	 city.	 Imagine	 the	 most
derelict	 low-income	 federal	 housing	 project	 you	 have	 ever	 seen,
and	 then	 imagine	 something	 worse.	They	 are	 concrete	 towers	 ten
stories	 tall,	 with	 nothing	 but	 weeds	 and	 broken	 concrete	 walks
between	 them.	 Not	 only	 are	 there	 no	 trees,	 there	 are	 also	 no
bushes	or	shrubs.	In	the	summer,	when	I	talked	with	Muthu	and	her
family,	it	was	just	a	relentless	landscape	of	heat.

Muthu	has	three	kids,	all	teenagers.	She	is	forty-one,	a	strong-
looking	 woman	 dressed	 in	 a	 blue	 and	 gold	 sari,	 her	 hair	 pulled
back	in	a	tight	bun.	Her	apartment	is	on	the	fifth	floor	of	building	3,
in	 the	 center	 of	 Perumbakkam.	 Inside,	 the	 walls	 are	 painted	 a
cheerful	pink.	It	is	crowded—one	bedroom,	a	kitchen,	a	living	room.
The	 only	 window	 is	 in	 the	 bedroom,	 where	 they	 all	 sleep	 on	 the
floor.	The	kids	play	in	the	concrete	corridors.	“It	is	too	hot	for	them
to	 go	 outside,”	 Muthu	 told	 me.	 “They	 all	 get	 heat	 rashes.	 At	 least
where	we	lived	before,	they	could	go	out	and	play.”

The	 isolation	 of	 Perumbakkam,	 so	 far	 from	 the	 center	 of	 the
city,	exacerbates	the	heat	risk.	It	 is	a	heat	island	unto	itself.	When
Muthu	 and	 her	 family	 walk	 to	 the	 shops,	 which	 are	 nearly	 a	 mile
away,	they	have	to	take	plenty	of	water	with	them,	as	if	they	were
setting	 out	 across	 a	 desert.	 Some	 people	 faint.	 Muthu’s	 husband
works	 as	 a	 driver	 for	 a	 taxi	 company.	 In	 the	 neighborhood	 where
they	used	to	live,	they	were	a	five-minute	walk	from	the	auto	stand.
“Now,	 he	 has	 to	 travel	 thirty-two	 kilometers	 one	 way,	 sixty
kilometers	 round	 trip,	 just	 to	 go	 and	 try	 to	 make	 money,”	 she	 told
me.	The	isolation	makes	it	harder	for	women	to	get	jobs	too.	Many
women	 find	 employment	 as	 domestic	 workers,	 and	 where	 they
used	to	live,	they	could	walk	to	the	houses	where	they	work.	Now,
they	can’t.	Muthu	told	me	about	a	friend	of	hers	who	gets	up	at	2
a.m.	 every	 day,	 packs	 lunch	 by	 3	 a.m.,	 boards	 the	 bus	 by	 4	 a.m.,
works	 until	 1	 p.m.,	 then	 arrives	 back	 home	 at	 3	 p.m.	 “The	 stress,
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combined	 with	 the	 heat,	 has	 given	 her	 boils	 all	 over	 her	 body,”
Muthu	told	me.

Many	 of	 the	 apartments	 do	 not	 have	 running	 water.	 Muthu	 is
lucky—hers	does,	but	it	smells	bad	and	anyone	who	drinks	it	gets
sick,	 so	 they	 only	 use	 it	 for	 washing	 (In	 India,	 like	 many	 poor
countries,	 clean	 drinking	 water	 is	 not	 a	 widely	 accessible	 public
good.)	For	drinking,	Muthu	and	her	kids	go	down	to	the	well	in	the
courtyard	 and	 carry	 the	 water	 back	 in	 orange	 plastic	 jugs.	 She
constantly	 has	 to	 warn	 her	 kids	 not	 to	 touch	 any	 of	 the	 electrical
equipment	around	the	water	pumps.	A	few	weeks	before	I	met	her,
a	child	had	been	electrocuted	by	touching	a	wire.

Muthu	 has	 no	 air-conditioning.	 Of	 the	 six	 hundred	 or	 so
apartments	in	Perumbakkam,	she	estimated	that	three	or	four	have
air-conditioning.	Even	if	Muthu	had	it,	she	said,	they	couldn’t	afford
to	run	it.

“I	feel	bad	for	the	old	people,”	Muthu	told	me.	“They	are	afraid
to	go	out.”

The	 elevator	 is	 a	 particularly	 spooky	 risk.	 “When	 the	 power
goes	out,	it	stops,”	she	said.	“The	old	people	can	be	stuck	for	many
hours.	 It	 happens	 all	 the	 time.	 The	 alarm	 sounds,	 but	 it	 takes	 a
while	 to	 find	 out	 where	 they	 are,	 and	 then	 how	 do	 you	 get	 them
out?	It’s	a	very	difficult	situation.	No	one	wants	to	get	cooked	in	an
elevator.”

In	 Phoenix,	 temperature	 is	 a	 signifier	 of	 class,	 wealth,	 and,	 often,
race.	 If	 you’re	 rich,	 you	 have	 a	 big	 house	 with	 enough	 air-
conditioning	 to	 chill	 a	 martini.	 And	 if	 you	 are	 poor,	 like	 Leonor
Juarez,	a	forty-six-year-old	single	mother	of	four	whom	I	met	on	a
July	 afternoon	 when	 the	 temperature	 was	 hovering	 around	 115
degrees,	 you	 live	 in	 South	 Phoenix	 where	 trees	 are	 few	 and	 you
hope	you	can	squeeze	enough	money	out	of	your	weekly	paycheck
to	run	the	air-conditioning	for	a	few	hours	on	summer	nights.

On	hot	days,	Juarez’s	small	apartment	feels	like	a	cave,	not	so
different	 from	 Muthu’s	 concrete	 apartment	 in	 Chennai.	 She	 has
heavy	purple	curtains	on	the	windows	to	block	the	sun.	“I	could	not
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live	 here	 without	 air-conditioning,”	 she	 told	 me.	 Because	 she	 is
poor	 and	 has	 no	 credit,	 she	 doesn’t	 qualify	 for	 the	 usual	 monthly
billing	from	Salt	River	Project	(SRP),	her	electric	utility.	 Instead,	to
pay	for	electricity	and	keep	her	air-conditioning	running,	SRP	gave
her	a	card	reader	that	plugs	into	an	outlet	that	she	has	to	feed	like
a	 jukebox	 to	 keep	 the	 power	 on.	 Juarez	 only	 turns	 on	 her	 air
conditioner	a	few	hours	a	day—still,	her	electric	bill	can	run	$500	a
month	during	the	summer,	which	is	more	than	she	pays	for	rent.	To
Juarez,	who	takes	a	bus	five	miles	to	a	laundromat	in	the	middle	of
the	night	because	washing	machines	are	discounted	to	50	cents	a
load	after	1	a.m.,	$500	is	a	tremendous	amount	of	money.

Juarez	showed	me	the	meter	on	the	card	reader:	she	had	$49
worth	 of	 credit	 on	 it,	 enough	 for	 a	 few	 more	 days	 of	 power.	 And
when	that	runs	out?	“I	am	in	trouble,”	she	said	bluntly.	Juarez,	who
works	several	days	a	week	as	an	in-home	caretaker	for	the	elderly,
said	 she	 knows	 of	 several	 people	 who	 lived	 alone	 and	 died
because	 they	 failed	 to	 pay	 their	 electric	 bills	 and	 tried	 to	 live
without	air-conditioning.

One	 such	 woman	 was	 named	 Stephanie	 Pullman.	 She	 was
seventy-two	years	old	and	lived	alone	in	a	small	house	in	Sun	City
West,	a	development	north	of	downtown	Phoenix.	After	raising	four
kids	in	Ohio,	Pullman	had	moved	to	Arizona	in	1988	to	escape	the
cold	 Ohio	 winters.	 She	 worked	 in	 a	 hospital,	 then	 retired	 in	 2011
and	 lived	 on	 a	 fixed	 income	 of	 less	 than	 $1,000	 a	 month.	 During
the	summer	of	2018,	she	was	late	to	pay	her	electric	bill	and	owed
$176.84.	 On	 September	 fifth,	 Pullman	 paid	 $125,	 leaving	 $51.84
unpaid.	Two	days	later,	when	the	temperature	hit	107	degrees,	her
electric	company,	Arizona	Public	Service	(APS),	cut	off	her	power.
A	week	later,	Pullman’s	daughter	became	worried	when	she	hadn’t
heard	 from	 her	 mother	 and	 alerted	 locals.	 A	 Maricopa	 County
sheriff	 entered	 the	 house	 and	 found	 Pullman	 dead	 in	 her	 bed.
Cause	of	death:	heat	exposure.

A	few	months	later,	Phoenix	New	Times	published	an	account
of	 Pullman’s	 death,	 including	 the	 fact	 that	 APS	 had	 turned	 off
Pullman’s	 power	 over	 an	 unpaid	 bill	 of	 $51.	 In	 2018,	 APS	 cut	 off
power	 to	 customers	 more	 than	 110,000	 times,	 according	 to	 the
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company’s	 own	 data.	 Of	 those,	 more	 than	 39,000	 cutoffs
happened	during	the	particularly	scorching	months	of	May	through
September.

Pullman’s	 death	 sparked	 wide	 media	 coverage	 and	 street
protests	 over	 APS’s	 disconnect	 policy	 and	 pushed	 Arizona
regulators	 to	 ban	 power	 shutoffs	 on	 hot	 summer	 days.	 But
Pullman’s	 death	 also	 raises	 larger	 questions	 about	 the	 future	 of
cities	 like	 Phoenix	 and	 Chennai	 in	 a	 rapidly	 warming	 world.	 As
temperatures	 soar	 in	 the	 coming	 years,	 the	 real	 question	 is	 not
whether	superheated	cities	are	sustainable.	Phoenix	is	not	going	to
melt	 into	the	desert	and	Chennai	will	not	return	to	the	jungle.	The
question	is,	sustainable	for	who?	And	at	what	cost?	As	cities	grow
and	 the	 heat	 rises,	 the	 future	 of	 Phoenix	 and	 Chennai,	 and	 many
cities	like	them,	is	of	a	kind	of	temperature	apartheid,	where	some
people	chill	 in	a	bubble	of	cool	and	others	simmer	 in	debilitating
heat.	This	is	not	how	you	build	a	just,	equitable,	or	peaceful	world.

Footnote

1	All	of	these	remedies,	while	culturally	important,	have	little	or	no	scientific	basis.	
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4.	LIFE	ON	THE	RUN

IN	 2017,	 A	 few	 weeks	 after	 Hurricane	 Harvey	 turned	 the	 city	 of
Houston	 into	 an	 aquarium,	 I	 drove	 across	 central	 Arizona	 on	 old
Route	 66,	 where	 the	 ghosts	 of	 the	 Dust	 Bowl,	 the	 1930s	 drought
that	caused	an	area	of	the	West	the	size	of	Pennsylvania	to	dry	up
and	 blow	 away,	 haunt	 every	 gas	 station	 and	 roadside	 ice	 cream
shop.	 Novelist	 John	 Steinbeck	 called	 Route	 66	 the	 “Mother
Road”—it	was	the	route	that	hundreds	of	thousands	of	people	took
to	 escape	 from	 America’s	 first	 man-made	 environmental
catastrophe.

In	 Flagstaff,	 I	 turned	 south	 on	 Route	 17,	 heading	 toward
Phoenix,	and	watched	the	temperature	gauge	in	the	dashboard	of
my	 rental	 car	 climb	 to	 107,	 108,	 109	 degrees.	 The	 asphalt
shimmered	 from	 the	 heat,	 and	 tinder-dry	 Ponderosa	 pines	 along
the	road	looked	like	they	were	about	to	spontaneously	combust.	 I
pulled	 off	 the	 highway	 for	 gas	 and	 water.	At	 the	 service	 station,	 I
parked	 next	 to	 a	 Subaru	 with	 the	 words	 “We	 survived	 Hurricane
Harvey,	Orange	Texas”	scrawled	on	the	back	window	in	bright	pink
letters.	The	car	was	splattered	with	mud	and	dust,	and	luggage	and
boxes	and	a	guitar	case	were	piled	in	back.

A	middle-aged	woman	and	a	scruffy	man	with	wild	brown	hair
pulled	 themselves	 out	 of	 the	 car.	 They	 looked	 road-weary	 and
haggard.	The	 man	 popped	 open	 the	 hood	 and	 fiddled	 with	 some
wiring.

I	nodded	to	the	words	on	their	back	window.	“Are	you	escaping
Hurricane	Harvey?”

“Yeah,”	 the	 woman	 said.	 She	 introduced	 herself	 as	 Melanie
Elliott.	“We	had	to	get	out	of	there.”

“It	was	bad,”	the	man	said,	bent	under	the	hood.	His	name	was
Andrew	McGowan.

When	 Hurricane	 Harvey	 hit	 Houston,	 it	 dumped	 trillions	 of
gallons	 of	 water	 onto	 a	 concrete-and-asphalt	 city	 that	 was	 not
designed	 for	 climate	 catastrophe.	 Hurricanes	 are	 heat	 engines,
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powered	 by	 warm,	 moist	 air	 rising	 over	 warm	 oceans	 (that’s	 why
there	are	no	hurricanes	in	the	Arctic).	The	hotter	our	world	gets,	the
more	 intense	 hurricanes	 become.	 During	 Harvey,	 hundreds	 of
thousands	 of	 homes	 were	 inundated,	 and	 tens	 of	 thousands	 of
people	fled	to	hotels	and	shelters	on	higher	ground.	Others	slept	in
their	cars	on	overpasses.

“It	 was	 especially	 bad	 in	 Orange,	 where	 we	 lived,”	 Elliott
explained.	Orange,	I	later	learned,	is	an	old	industrial	seaport	town
on	 the	 border	 with	 Louisiana,	 pop.	 18,000.	 Orange	 has	 been	 hit
repeatedly	 by	 recent	 hurricanes:	 In	 2005,	 Rita	 ravaged	 the	 city.
Three	 years	 later,	 Ike	 breeched	 the	 city’s	 levee	 and	 flooded	 the
streets	with	as	much	as	fifteen	feet	of	water.	Three	people	died.

“We	 were	 just	 dealing	 with	 water	 all	 the	 time,	 constant
flooding,”	McGowan	said	from	under	the	hood.	“The	whole	place	is
going	under.”

“Harvey	was	it	for	us,”	Elliott	added.	“Too	much	water,	we	can’t
deal	with	this	anymore.	We	are	going	to	San	Diego.”

“What	are	you	going	to	do	there?”
“We	don’t	know,”	McGowan	said,	straightening	up	and	closing

the	hood.	“I’m	gonna	play	some	guitar	and	see	what	comes	along.”
“We	just	think	there	are	opportunities	there,”	Elliott	said.
I	 wished	 them	 well,	 and	 they	 piled	 into	 their	 mud-splattered

Subaru	 and	 headed	 toward	 the	 highway.	 I	 thought	 of	 the	 old
Woody	Guthrie	song	about	the	farmers	fleeing	the	Dust	Bowl:	We
loaded	up	our	 jalopies	and	piled	our	families	 in,	We	rattled	down
that	highway	to	never	come	back	again.

As	the	world	heats	up,	it	moves.	This	is	true	on	the	molecular	level
as	 well	 as	 on	 the	 species	 level.	 All	 creatures,	 from	 the	 ancient
cedars	 of	 Lebanon	 to	 the	 microbes	 in	 the	 deep	 thermal	 vents	 at
the	 bottom	 of	 the	 Pacific	 Ocean,	 have	 evolved	 within	 a	 basic
temperature	range,	and	if	that	range	changes	too	much,	they	have
to	find	a	more	habitable	climate	niche.	For	humans,	the	decision	to
stay	or	go	from	extremely	hot	places	is	often	dependent	on	money,
which	buys	access	to	cooling	systems,	clean	water,	and	food.	But
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most	 living	 things	 don’t	 have	 the	 luxury	 of	 conditioned	 air	 or
ordering	 a	 case	 of	 Pellegrino	 from	 Whole	 Foods.	 For	 them,
adaptation	 often	 means	 moving	 to	 higher	 latitudes	 or	 higher
elevations	where	it	is	cooler.	If	they	can’t	find	refuge,	they	die.

In	 the	 past	 decade,	 scientists	 who	 study	 the	 movement	 of
animals	 have	 found	 that	 of	 the	 four	 thousand	 species	 that	 they’d
tracked,	between	40	and	70	percent	had	altered	their	distribution.
On	 average,	 terrestrial	 creatures	 are	 moving	 nearly	 twenty
kilometers	every	decade.	Marine	creatures,	who	are	largely	free	of
barriers	to	seeking	cooler	waters,	are	moving	four	times	faster	than
land-based	animals.	Some	animals	are	making	spectacular	 leaps.
Scientists	estimate	that	Atlantic	cod	are	moving	north	at	a	rate	of	a
hundred	 miles	 per	 decade.	 In	 the	 Andes,	 frogs	 and	 fungi	 species
have	 climbed	 four	 hundred	 meters	 upward	 over	 the	 past	 seventy
years.	Even	the	most	seemingly	immobile	wild	creatures	are	on	the
move.	 In	 Japan,	 several	 species	 of	 coral	 polyps,	 which	 form	 the
branching	 thickets	 of	 coral	 reefs,	 were	 found	 by	 scientists	 to	 be
traveling	about	two	miles	north	every	year.

Plants	are	on	the	move	too.	In	the	eastern	US,	trees	are	shifting
north	 and	 westward	 at	 an	 average	 rate	 of	 about	 two	 miles	 per
decade.	 Speed	 and	 direction	 vary	 for	 different	 types	 of	 trees:	 the
conifers	 are	 mostly	 heading	 north,	 while	 broad-leafed	 and
flowering	trees,	such	as	oaks	and	birches,	move	west.	Among	the
speediest	travelers	that	scientists	know	of	are	white	spruce,	which
are	migrating	north	at	a	rate	of	about	sixty	miles	each	decade.

Some	 plants	 and	 animals	 are	 more	 adaptable	 than	 others.
Sharks	 can	 move	 from	 Florida	 to	 Maine,	 but	 mussels	 and	 urchins
and	starfish	cannot	quickly	swim	to	cooler	water.	Polar	bears	need
floating	sea	ice	to	hunt	seals;	without	it,	they	starve.	Bats	are	good
at	moving	around	and	finding	new	habitats,	as	are	many	birds.	But
some	are	not.

One	 example:	 Thick-billed	 murres	 and	 snowy	 buntings,	 both
common	Arctic	birds,	are	well	adapted	to	the	frozen	north.	But	as
the	Arctic	heats	up,	their	dark	feathers	draw	in	the	heat.	Their	body
temperature	can	reach	115	degrees	in	the	sun,	even	on	a	75-degree
day.	 It	 would	 be	 like	 working	 out	 in	 the	 peak	 of	 summer	 while
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wearing	an	insulated	jacket.	And	because	they	are	already	living	in
one	 of	 the	 coldest	 places	 on	 the	 planet,	 migration	 to	 a	 cooler
climate	is	out	of	the	question.

Even	 animals	 that	 move	 freely	 have	 a	 rough	 time.	 Pacific
salmon	are	cold-water	species,	adapted	for	mountain-fed,	forested
rivers	and	cool	oceans	and	estuaries.	Healthy	water	temperatures
for	 salmon	 are	 under	 58	 degrees.	Above	 59	 degrees,	 their	 bodies
become	stressed,	making	them	easier	targets	for	predators	and	at
higher	 risk	 of	 disease.	 When	 water	 temperature	 hits	 between	 70
and	72	degrees,	 it	forms	a	“migration	barrier,”	meaning	it’s	too	hot
for	 salmon	 to	 swim	 through,	 and	 can	 be	 lethal.	 These	 extreme
temperatures	have	a	generational	impact	too.	Even	if	heat-stressed
salmon	can	survive	to	reach	their	spawning	grounds,	they	are	less
successful	 in	 reproducing.	 Warmer	 water	 also	 makes	 it	 tough	 for
young	 hatchery-raised	 salmon	 to	 survive	 their	 trip	 from	 the
hatchery	to	the	sea.	During	the	scorching	summer	of	2021,	wildlife
officials	 in	 California	 actually	 taxied	 young	 salmon	 through	 the
hottest	part	of	their	journey	in	tanker	trucks.

Coping	 with	 a	 warmer	 world	 has	 other	 risks	 too.	 On	 a	 trip	 to
Botswana,	I	learned	that	lions	prefer	to	hunt	in	the	cooler	parts	of
the	 day,	 mostly	 early	 morning	 and	 evening.	That	 means	 that	 prey
species,	such	as	gemsbok,	zebra,	and	waterbuck,	switch	to	feeding
at	 hotter	 times	 of	 the	 day	 when	 they	 are	 not	 in	 the	 presence	 of
lions.	 But	 feeding	 during	 the	 heat	 of	 the	 day	 leaves	 them	 more
vulnerable	 to	 heat	 stress—and	 less	 able	 to	 adapt	 to	 rising
temperatures.

There	 is	 also	 the	 problem	 of	 synchronicity.	 Bumblebees	 are
well	 suited	 to	 a	 colder	 climate,	 with	 long,	 furry	 hairs.	 But	 that
makes	 them	 more	 vulnerable	 to	 even	 small	 changes	 in
temperature.	 Bumblebee	 populations	 have	 been	 hardest	 hit	 in
warming	southern	regions	such	as	Spain	and	Mexico,	where	some
species	 already	 live	 near	 the	 edge	 of	 their	 temperature	 range.
Sometimes	 bumblebees	 get	 so	 hot	 that	 they	 fall	 dead	 out	 of	 the
sky,	said	University	of	Ottawa	biologist	Peter	Soroye.	“Bumblebees
are	 disappearing	 from	 areas	 eight	 times	 as	 fast	 as	 they	 are
recolonizing	 others.”	 And	 because	 bumblebees	 are	 important
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pollinators	 in	wild	 landscapes	(as	well	as	for	crops	 like	tomatoes,
squash,	 and	 berries),	 the	 decline	 of	 bumblebees	 ripples	 through
ecosystems.	 Without	 a	 strong	 population	 of	 bumblebees	 in
Montana,	for	example,	the	huckleberry	bushes	don’t	get	pollinated.
Which	 means	 they	 don’t	 fruit.	 And	 because	 huckleberries	 are	 an
important	 food	 for	 grizzlies,	 grizzlies	 have	 to	 look	 elsewhere	 for
food—including	 dangerous	 journeys	 into	 the	 campsites	 of
backcountry	hikers.

Then	 there	 are	 the	 pine	 bark	 beetles,	 which	 are	 ravaging	 pine
trees	 in	 the	 Rockies.	 When	 it	 comes	 to	 adapting	 to	 heat,	 insects
have	an	advantage	in	that	their	lives	are	short	and	they	can	evolve
quickly.	Like	all	insects,	pine	bark	beetles	can’t	regulate	their	body
temperatures.	If	it’s	cool,	they	are	slow	or	dormant.	As	things	warm
up,	they	speed	up.	They	eat	more,	reproduce	more.	And	they	don’t
die	off	in	winter.

Pine	 bark	 beetles’	 favorite	 food	 is—surprise—pine	 bark.	 “Pine
bark	 beetles	 are	 very	 much	 in	 tune	 with	 effects	 of	 climate	 on
trees,”	 Diana	 Six,	 an	 entomologist	 at	 the	 University	 of	 Montana,
told	 me.	 “Beetles	 see	 the	 whole	 world	 chemically.	 They	 can
actually	 ‘smell’	 a	 tree	 that	 is	 stressed	 by	 heat	 and	 drought,	 and
they	go	after	those	trees	preferentially.”	Recent	beetle	outbreaks	in
the	West	are	roughly	ten	times	larger	than	they	were	a	decade	ago
as	 beetles	 sweep	 through	 heat	 and	 water-stressed	 forests	 of
Colorado,	 Arizona,	 and	 Montana.	 They’re	 also	 moving	 into	 new
regions	of	the	West	that	had	previously	been	too	cold.

The	beetle	invasion	not	only	kills	vast	swaths	of	forest,	but	also
leaves	 the	 trees	 more	 vulnerable	 to	 fire.	 More	 wildfires	 lead	 to	 a
cascade	 of	 consequences	 not	 just	 for	 the	 creatures	 who	 live	 in
those	 forests	 (including	 humans),	 but	 also	 for	 the	 rest	 of	 us:
injecting	 more	 carbon	 into	 the	 atmosphere,	 landing	 more	 soot	 on
glaciers	(which	accelerates	their	melting	because	each	tiny	piece
of	 black	 carbon	 is	 like	 a	 heat	 sink,	 absorbing	 sunlight	 far	 faster
than	the	reflective	ice	of	a	glacier),	and	creating	more	burned-out
open	land.	All	this	heats	up	the	atmosphere	even	further.	And	that,
in	 turn,	 amplifies	 the	 metabolism	 of	 bark	 beetles	 more,	 driving
them	 to	 move	 to	 new	 forests,	 which	 they	 devour	 and	 which	 will,
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inevitably,	 burn.	 Scientists	 call	 this	 a	 positive	 feedback	 loop.	And
it’s	evidence	that	the	appetites	of	a	few	billion	beetles	can	change
the	world.

There	 were	 boxes	 all	 over	 Robert	 Stevens’s	 apartment	 in	 North
Phoenix.	Some	were	sealed	tight	with	packing	tape,	marked	“CDs”
or	“Comix.”	Others	were	open,	spilling	out	shirts	or	piled	high	with
heavy	 computer	 programming	 textbooks.	 “I	 never	 realized	 how
much	 shit	 I	 own,”	 he	 muttered	 to	 himself.	 Stevens,	 twenty-nine,	 a
slightly	 manic	 software	 programmer,	 was	 wearing	 jeans	 and	 a	 T-
shirt	 and	 flip-flops.	 I’d	 met	 him	 twenty	 minutes	 earlier	 when	 I
happened	to	drive	by	his	apartment	and	noticed	moving	boxes	by
his	 dusty	 RAV4	 and	 stopped	 to	 ask	 him	 where	 he	 was	 going.	 We
chatted	for	a	while,	then	he	asked	if	I	would	give	him	a	hand.	“Let’s
get	this	done,”	he	said	as	I	helped	him	carry	boxes	out	to	the	RAV4.
The	 next	 morning,	 he	 was	 driving	 to	 Minneapolis,	 where	 he	 was
moving	in	with	his	sister	and	planned	to	do	some	freelance	coding.

“It’s	 kinda	 beautiful	 here,	 I	 must	 admit,”	 Stevens	 said,
motioning	to	the	jagged	desert	mountains	out	the	window.	He	had
grown	 up	 in	 Buffalo	 and	 followed	 his	 girlfriend	 to	 Phoenix	 four
years	ago.	He	loved	the	sunrises,	and	often	got	up	early	to	go	hike
in	 the	 Phoenix	 Mountain	 Preserve.	 Hiking,	 in	 fact,	 was	 one	 of	 the
things	 he	 thought	 he’d	 love	 most	 about	 Phoenix	 when	 he	 moved
here.	But	as	it	turned	out,	it	was	on	a	hike	where	his	romance	with
Arizona	 ended.	 “I	 was	 out	 on	 a	 trail	 last	 summer,	 and	 it	 was
ridiculously	 hot,	 and	 I	 had	 gone	 too	 far,	 and	 I	 don’t	 know—I	 just
collapsed,”	he	told	me.	“I	totally	fainted.	Banged	my	head	on	a	rock.
Scared	the	hell	out	of	my	girlfriend.	She	gave	me	water,	and	I	was
okay,	but	it	made	me	think—what	am	I	doing	living	here?	Maybe	it’s
a	 genetic	 thing	 or	 whatever,	 but	 I	 can’t	 take	 it.	 This	 heat	 is
dangerous.”

Obviously,	 lots	 of	 people	 feel	 differently	 about	 Phoenix.
Maricopa	County,	where	Phoenix	is	located,	had	one	of	the	highest
population	growth	rates	in	the	country	in	the	2020	census.	People
come	 for	 the	 jobs,	 the	 relatively	 inexpensive	 housing,	 and	 some,
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yes,	for	the	weather.
“People	 have	 a	 lot	 of	 faith	 in	 adaptation,”	 said	 UC	 Berkeley’s

Solomon	Hsiang.	“Whatever	the	temperature	 is,	they	assume	they
can	 deal	 with	 it.	 Just	 turn	 up	 the	AC,	 you	 know?	 But	 when	 you’re
living	 it,	 you	 realize	 it’s	 not	 so	 simple.	 And	 it	 costs	 a	 lot,	 too.”	 As
Hsiang	 pointed	 out,	 if	 people	 walked	 around	 in	 air-conditioned
space	 suits,	 they	 would	 have	 no	 trouble	 with	 the	 searing	 heat	 in
Arizona.	“But	who	wants	to	live	that	way?	And	who	can	afford	it?”

One	 of	 the	 central	 questions	 when	 it	 comes	 to	 adaptation	 is
“Adaptation	to	what?”	 It’s	one	thing	to	talk	about	three	degrees	of
global	warming	over	two	or	three	decades.	It’s	quite	another	to	get
hit	 by	 summer	 heat	 waves	 right	 now	 that	 are	 twenty	 or	 thirty
degrees	above	what	you	expect.	Sure,	you	could	rebuild	London	so
it’s	 a	 nice	 place	 to	 live	 even	 if	 it	 were	 regularly	 hit	 by	 heat	 waves
like	the	one	that	baked	the	city	in	2022,	but	installing	rail	lines	that
don’t	 melt	 and	 houses	 that	 aren’t	 ovens	 and	 asphalt	 that	 doesn’t
turn	 to	 pudding	 would	 not	 only	 be	 hugely	 expensive,	 but	 would
take	 decades	 to	 implement.	 In	 many	 places	 in	 the	 world	 today,
heat	is	rising	faster	than	our	ability	to	adapt	to	it.

Some	 people	 may	 try	 to	 stick	 around	 and	 fight	 it	 out	 with
Mother	 Nature,	 but	 most	 will	 not.	 “People	 will	 do	 what	 they	 have
done	for	thousands	of	years,”	said	Vivek	Shandas	of	Portland	State
University.	“They	will	migrate	to	better	climates.”

That’s	what	happened	during	the	Dust	Bowl.	Richard	Hornbeck,
a	 professor	 of	 economics	 at	 the	 University	 of	 Chicago	 who	 has
studied	the	Dust	Bowl	extensively,	argues	that	farmers	could	have
adapted	 to	 changing	 conditions	 by	 switching	 to	 different	 plows,
planting	 different	 crops,	 or	 shifting	 their	 fields	 to	 pastures	 for
cattle	or	sheep.	But	they	didn’t.	“There	was	too	much	inertia	in	how
things	have	always	been	done,	and	too	much	investment	in	certain
kinds	of	farm	machinery,	for	people	to	make	the	changes	needed,”
said	Hornbeck.	“Instead	of	adapting,	many	of	them	just	headed	to
California.”

Globally,	the	climate	crisis	has	put	people	on	the	run.	Increasingly
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unpredictable	 rainfall	 in	 Southeast	 Asia	 has	 made	 farming	 more
difficult	 and	 has	 helped	 push	 more	 than	 eight	 million	 people	 to
move	 toward	 the	 Middle	 East,	 Europe,	 and	 North	 America.	 In	 the
African	 Sahel,	 millions	 of	 rural	 people	 are	 streaming	 toward	 the
coasts	 and	 the	 cities	 amid	 drought	 and	 widespread	 crop	 failures.
The	UN	estimates	that	four	out	of	five	African	countries	don’t	have
sustainably	 managed	 water	 resources	 and	 that	 seven	 hundred
million	people	will	be	on	the	move	by	2030.	In	2022,	catastrophic
floods	 in	 Pakistan—caused	 in	 part	 by	 the	 heat-driven	 melt	 of
glaciers	 in	 the	 Himalayas,	 and	 in	 part	 by	 the	 fact	 that	 hotter	 air
holds	more	water—displaced	33	million	people,	which	is	about	15
percent	of	the	entire	Pakistani	population.

“Should	the	flight	away	from	hot	climates	reach	the	scale	that
current	 research	 suggests	 is	 likely,”	 writes	 journalist	 Abrahm
Lustgarten,	 “it	 will	 amount	 to	 a	 vast	 remapping	 of	 the	 world’s
populations.”

The	 political	 consequences	 of	 these	 massive	 shifts	 of	 people
are	 impossible	 to	 overstate.	 Here	 in	 the	 US,	 unfounded	 fears	 of
brown	 people	 invading	 the	 country	 and	 stealing	 jobs	 and
committing	 crimes	 are	 disguised	 as	 a	 policy	 debate	 about
immigration.	Fear	of	outsiders	also	fuels	the	rise	of	extreme	right-
wing	 politics	 in	 Europe	 and	Australia.	 (“If	 you	 want	 to	 understand
Australian	politics,”	one	Australian	entrepreneur	told	me	during	my
visit	 to	 Melbourne,	 “the	 first	 thing	 you	 have	 to	 understand	 is	 our
fear	of	yellow	hordes	from	the	north.”)	Migration	is	driven	by	many
factors,	 but	 a	 lack	 of	 food	 and	 water,	 both	 of	 which	 are
exacerbated	by	extreme	heat,	is	pretty	high	on	the	list.

One	of	the	big	surprises	in	the	2020	US	census,	however,	is	the
degree	 to	 which	 Americans	 are	 moving	 toward	 places	 with	 the
highest	 risk	 of	 climate	 impacts—especially	 extreme	 heat.
According	 to	 an	 analysis	 by	 Redfin,	 a	 real	 estate	 brokerage	 firm,
the	 fifty	 US	 counties	 with	 the	 largest	 share	 of	 homes	 facing	 high
heat	 risk	 saw	 their	 populations	 increase	 by	 an	 average	 of	 4.7
percent	from	2016	through	2020	due	to	migration.	 In	contrast,	the
counties	 with	 the	 largest	 percentage	 of	 homes	 facing	 high	 storm
risk	experienced	average	population	growth	of	only	0.4	percent.



How	 to	 explain	 this?	 Denial	 and	 ignorance	 are	 one	 answer,
especially	 among	 politicians	 whose	 job	 it	 is	 to	 create	 policy	 that
discourages	 people	 from	 moving	 into	 harm’s	 way.	 As	 the	 US
Government	 Accountability	 Office	 concluded	 in	 a	 2020	 report,
“Unclear	 federal	 leadership	 is	 the	 key	 challenge	 to	 climate
migration	as	a	resilience	strategy.”

Also,	places	with	higher	climate	risks	tend	to	be	cheaper	to	live
in	 and	 have	 more	 space	 and	 access	 to	 nature	 (for	 the	 moment,
anyway).	According	to	the	Redfin	analysis,	storms	(including	winter
storms)	 are	 the	 only	 climate	 risk	 people	 are	 moving	 away	 from,
with	 counties	 with	 the	 smallest	 share	 of	 risk	 growing	 faster	 than
the	 counties	 with	 the	 largest	 share	 of	 risk.	 So	 when	 you	 look	 at
migration	 in	 the	 US,	 it’s	 fair	 to	 say	 that	 people	 are	 moving	 away
from	storms	and	toward	heat.

According	to	Redfin’s	analysis,	the	most	attractive	hot	place	in
America	 is	 Williamson	 County,	 Texas,	 which	 is	 part	 of	 the	 Austin
metro	area.	Williamson	County,	where	every	home	faces	high	heat
risk,	 saw	 its	 population	 grow	 16	 percent	 due	 to	 positive	 net
migration	 from	 2016	 through	 2020.	That’s	 the	 highest	 growth	 rate
of	 the	 fifty	 counties	 the	 company	 analyzed.	 It	 was	 followed	 by
Pinal	County,	Arizona	(just	south	of	Phoenix),	which	had	a	positive
net	 migration	 rate	 of	 15	 percent.	 Rounding	 out	 the	 top	 five	 were
three	 Florida	 counties:	 Pasco	 County,	 Osceola	 County,	 and
Manatee	County.

Williamson	 County	 has	 exploded	 in	 recent	 years	 with	 malls,
condos,	 taco	 bars,	 and	 office	 buildings.	 Dell,	 Amazon,	 and	 Apple
have	big	new	campuses	in	the	area,	and	Tesla’s	headquarters	and
factory,	which	employs	ten	thousand	people	and	is	three	times	as
large	as	the	Pentagon,	is	only	a	few	miles	away.

Climate-wise,	 Texas	 is	 the	 belly	 of	 the	 beast.	 “If	 you	 live	 in
Kansas,	 you	 don’t	 really	 have	 to	 worry	 about	 hurricanes	 or
wildfires,	 and	 if	 you	 live	 in	 Oregon,	 you	 have	 to	 worry	 about
wildfires	 and	 drought,	 not	 worry	 about	 hurricanes,”	 says	 Texas
climate	scientist	Katharine	Hayhoe.	“If	you	 live	 in	Texas,	you	have
to	worry	about	everything.”

As	it	turns	out,	I	have	some	insight	into	why	so	many	people	are
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moving	 to	 hot	 places,	 because	 I	 did	 it	 myself.	 For	 twenty	 years,	 I
lived	in	upstate	New	York,	which	is	one	of	the	best	places	to	live	in
America	if	you	take	climate	change	seriously.	It’s	not	too	hot	in	the
summer,	 there	 is	 plenty	 of	 farmland	 and	 water,	 it’s	 far	 from	 the
rising	 seas,	 it	 has	 a	 politically	 engaged	 local	 population,	 easy
access	 to	 the	 Adirondacks,	 a	 strong	 arts	 culture,	 and	 decent
transportation,	 including	 one	 of	 the	 great	 train	 rides	 in	 America
down	the	Hudson	to	New	York	City.	So	why	leave?

Because	 I	 fell	 in	 love.	 One	 day	 I	 was	 at	 the	 racetrack	 in
Saratoga	 Springs	 and	 met	 a	 woman	 in	 a	 yellow	 dress	 named
Simone.	As	it	turned	out,	she	lived	and	worked	in	Austin,	and	had
decided	 she	 needed	 to	 get	 out	 of	 Texas	 for	 a	 few	 days	 in	 late
August	 because	 it	 was	 just	 too	 damn	 hot.	 So	 she	 flew	 to	 upstate
New	York,	where	she	knew	it	would	be	cooler,	to	visit	a	friend—and
my	life	changed.	Within	a	year,	I	had	left	the	green	hills	of	upstate
New	York	and	was	living	in	one	of	the	hottest	cities	in	America.	Or
to	put	it	another	way,	because	Simone	decided	to	flee	the	heat	for
the	weekend,	I	ended	up	moving	toward	it.

If	 nothing	 else,	 my	 move	 shows	 the	 complexity	 of	 climate-
related	 decisions	 about	 where	 and	 how	 we	 live.	 I	 knew	 very	 well
that	my	move	made	no	sense	from	a	climate	perspective,	but	who
cares?	I	would	rather	live	with	Simone	in	a	tent	in	the	Sahara	than
without	her	 in	a	solar-powered	house	on	a	 lake	 in	the	mountains.
Austin	is	full	of	people	moving	here	for	similarly	personal	reasons,
whether	 it	 is	 the	 music	 scene	 or	 a	 high-tech	 job.	 It	 has	 created
traffic	jams	and	insanely	inflated	real	estate	prices,	but	that’s	how
it	goes.

While	I	was	researching	a	previous	book	I	wrote	about	sea-level
rise,	I	met	dozens	of	people	who	were	anguished	about	whether	or
not	 to	 sell	 their	 homes	 near	 the	 beach.	They	 all	 loved	 the	 ocean,
loved	their	friends,	loved	their	community.	For	some,	the	desire	to
move	was	driven	by	a	fear	that	as	the	seas	rose,	the	value	of	their
homes	 would	 decline.	 For	 others,	 it	 was	 rising	 insurance	 costs	 or
concerns	 about	 physical	 risk	 from	 a	 big	 hurricane.	 It	 was	 never	 a
simple	or	easy	calculation.

For	a	middle-class	American,	the	risk	of	extreme	heat	seems,	at
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first	 glance,	 much	 more	 manageable.	 Summer	 days	 can	 be
suffocatingly	 hot	 here	 in	 Texas.	 But	 if	 it	 gets	 too	 hot,	 you	 stay
indoors	 with	 the	 air-conditioning	 on.	 You	 run	 errands	 in	 the	 early
morning.	You	schedule	outdoor	projects	for	fall	or	spring.	You	wear
hats	and	cool	clothes.	You	drink	a	lot	of	water.	And	you	wait	for	the
heat	to	pass.

Sometimes	 life	 here	 seems	 tenuous.	 That	 might	 sound	 like	 a
weird	 thing	 to	 say	 about	 a	 booming	 city	 like	 Austin,	 but	 it’s	 true.
Since	 I	 moved	 to	 Texas,	 I’m	 very	 aware	 that	 my	 life	 here	 is
dependent	on	technology—not	 just	the	air-conditioning	 itself,	but
the	 grid	 that	 powers	 it,	 as	 well	 as	 the	 long,	 complex	 chain	 of
political	 and	 economic	 logic	 that	 keeps	 the	 grid	 up	 and	 running.
Like	 millions	 of	 other	 Texans,	 I	 got	 a	 lesson	 in	 how	 fragile	 that
system	 is	 in	 the	 winter	 of	 2021,	 when	 the	 power	 went	 out	 in	 the
middle	 of	 a	 freakish	 ice	 storm.	 Suddenly,	 Simone	 and	 I	 were
huddled	 in	 the	 darkness,	 freezing,	 unable	 to	 drive	 anywhere
because	 the	 streets	 were	 ice	 sheets.	 It	 was	 a	 reminder	 that	 the
easy	 comfort	 of	 modern	 life	 is	 not	 so	 easy	 at	 all.	 That	 goes	 for
extreme	heat	too.	When	the	temperature	climbs	over	100	degrees
and	 I’ve	 taken	 refuge	 in	 our	 air-conditioned	 house,	 the	 heat	 feels
like	 a	 Sword	 of	 Damocles	 hanging	 above	 the	 city	 by	 an	 electric
wire.

El	Camino	del	Diablo,	or	the	Devil’s	Highway,	is	an	ancient	passage
in	 the	 Sonoran	 Desert	 of	 Arizona	 that	 runs	 through	 Organ	 Pipe
Cactus	National	Monument,	a	US	Air	Force	bombing	range,	and	the
Tohono	O’odham	Nation	reservation,	and	more	or	less	directly	over
the	 grave	 of	 writer	 and	 desert	 hell-raiser	 Edward	 Abbey.1	 The
Devil’s	Highway	is	a	haunted	place.	Stories	of	people	struggling	in
the	 desert’s	 merciless	 heat,	 tongues	 swollen	 from	 lack	 of	 water,
stumbling,	 hallucinating,	 stripping	 off	 their	 clothes,	 go	 back
centuries.	 Here	 among	 the	 saguaro	 cactus	 and	 ironwood	 trees,
suffering	from	heat	is	an	ancient	and	tragic	ritual.	Here,	heat	is	not
so	 much	 an	 engine	 of	 migration	 as	 a	 migration	 barrier,	 a	 thermal
wall	 that	 blocks	 or	 kills	 anything	 that	 attempts	 to	 cross	 it,	 just	 as
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warm	water	in	a	river	is	a	migration	barrier	for	spawning	salmon	in
the	Pacific	Northwest.

One	person	who	understands	all	this	as	well	as	anyone	is	John
Orlowski,	a	member	of	No	More	Deaths,	a	humanitarian	group	that
helps	migrants	 in	their	dangerous	 journey	across	the	US/Mexican
border.	 Orlowski	 is	 in	 his	 early	 sixties,	 with	 a	 shock	 of	 white	 hair
and	a	deep	desert	tan.	He	has	the	strong,	lanky	build	of	a	lifelong
mountain	 climber	 (he	 has	 scaled	 Yosemite’s	 El	 Capitan	 three
times),	with	a	nose	that	tilts	off	to	the	right	like	it	was	broken	in	a
fight	back	in	the	day.	While	other	men	his	age	settle	into	retirement
in	a	condo	 in	Florida	or	 the	Rockies,	Orlowski	moved	to	Ajo	 (pop.
3,600),	 an	 old	 copper	 mining	 town	 on	 the	 Mexican	 border	 about
two	 hours	 from	 Tucson,	 to	 help	 migrants	 get	 safely	 across	 the
desert.

I	 met	 Orlowski	 one	 morning	 for	 breakfast	 at	 the	Agave	 Grill,	 a
restaurant	 in	Ajo	 decorated	 with	 watercolors	 of	 saguaro	 cactuses
and	rattlesnakes.	“Ajo	 is	a	heavily	militarized	place,”	Orlowski	told
me.	Besides	the	fifteen	sheriffs	 in	this	sparsely	populated	county,
there	is	a	new	US	Border	Patrol	station	just	outside	of	town,	where
five	 hundred	 Border	 Patrol	 agents	 work.	 Still,	 the	 desert	 around
here	 is	 vast,	 and	 the	 migrants	 are	 many.	 Over	 coffee,	 Orlowski
explained	how	the	border	police	use	helicopters	to	patrol	the	most
remote	 parts	 of	 the	 borderlands.	 If	 they	 spot	 a	 group	 of	 migrants,
they	 use	 a	 technique	 called	 dusting,	 in	 which	 they	 lower	 the
helicopter	down	to	thirty	or	 forty	 feet	above	the	migrants,	kicking
up	a	huge	dust	storm	and	scattering	the	migrants.	“When	they	are
alone,	they	are	much	more	vulnerable,”	Orlowski	said.	It	is	a	brutal
technique.	Many	of	the	people	who	die	have	gotten	separated	from
their	families	and	travel	companions	and	end	up	wandering	alone
in	the	desert.	In	the	last	three	decades,	No	More	Deaths	estimates
that	more	than	nine	thousand	people	have	died	here	on	the	Devil’s
Highway,	 virtually	 all	 of	 them	 from	 dehydration	 and	 heat
exhaustion.

Orlowski	pointed	out	that	there	are	lots	of	Border	Patrol	agents
in	 places	 where	 it	 is	 easy	 to	 cross.	 And	 far,	 far	 fewer	 in	 places
where	it	 is	hot	and	dangerous	to	cross.	“Part	of	their	strategy	is	to
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funnel	migrants	through	the	hottest,	most	dangerous	regions	of	the
border,”	Orlowski	explained.

“So,	 basically,	 the	 US	 Border	 Patrol	 has	 figured	 out	 a	 way	 to
weaponize	heat,”	I	said.

“Yes,	that’s	one	way	to	think	about	it,”	he	replied.
After	 we	 finished	 breakfast,	 we	 got	 into	 his	 dusty	 pickup	 and

headed	 out	 into	 the	 desert.	 In	 the	 back,	 he	 was	 carrying	 plastic
jugs	of	water,	cans	of	beans,	and	other	food	items	that	can	survive
for	 weeks	 in	 the	 desert.	 We	 drove	 through	 Organ	 Pipe	 Cactus
National	 Monument,	 where	 saguaro	 cacti	 stand	 like	 worshippers
with	 arms	 raised	 to	 the	 heavens.	 The	 rocky	 peaks	 of	 Growler
Mountains,	 harsh	 and	 mean-looking,	 watched	 over	 us	 in	 the
distance.	We	eventually	turned	down	a	dirt	road	and	drove	parallel
with	the	border.	In	some	places,	the	border	itself	is	just	a	4x4	fence
that	 you	 could	 easily	 walk	 over	 or	 under.	 In	 other	 places,	 a	 tall,
grotesquely	 ugly	 metal	 barrier	 (Trump’s	 wall)	 had	 gone	 up.	 Every
once	in	a	while,	I’d	see	a	white	cross,	which	marked	the	spot	where
human	remains	had	been	found.

After	about	forty-five	minutes	of	bouncing	along	the	dirt	road,
we	pulled	off	and	parked.	It	felt	like	we	were	a	thousand	miles	from
anything	 soft,	 cool,	 or	 kind.	 We	 loaded	 jugs	 of	 water	 into
backpacks	 and	 headed	 out	 for	 a	 spot	 on	 the	 top	 of	 a	 nearby
mountain	where	Orlowski	knew	migrants	cross.	I	had	prepared	for
the	 hike	 pretty	 well,	 I	 thought,	 with	 a	 wide-brimmed	 hat,
sunglasses,	and	pants	and	a	long-sleeve	shirt	with	UVF	protection.
Still,	 I	 felt	 the	 heat	 immediately	 and	 began	 to	 sweat.	 I	 saw	 more
white	 crosses.	As	 we	 plodded	 along,	 I	 worried	 about	 stepping	 on
human	 remains	 that	 had	 been	 turned	 to	 near	 dust	 by	 the	 heat.	A
few	 days	 earlier,	 the	 body	 of	 Gurupreet	 Kaur,	 a	 six-year-old	 girl
from	India	who	was	crossing	the	border	with	her	mother	and	other
family	members,	was	discovered	within	a	few	hundred	yards	from
where	we	were	hiking.	We	found	lots	of	evidence	that	people	had
been	 through	 here	 recently:	 a	 worn	 Nike	 running	 shoe,	 a	 shirt,	 a
plastic	bag,	a	phone	charging	cord,	a	few	black	plastic	one-gallon
water	 bottles	 (they	 are	 black	 so	 they	 don’t	 reflect	 light	 and	 the
Border	 Patrol	 doesn’t	 see	 them	 from	 far	 away).	 As	 we	 headed	 up
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the	mountain,	 I	couldn’t	help	but	notice	the	austere	beauty	of	the
desert:	red	flowers	of	the	prickly	pear	cactus	 in	bloom,	and	spiny
ocotillos,	their	long,	slender	branches	like	octopus	tentacles.

After	 about	 an	 hour	 of	 hiking,	 we	 reached	 the	 mountaintop.
Orlowski	and	his	fellow	volunteers	at	No	More	Deaths	had	dropped
water	and	beans	here	about	a	week	earlier.	Now	the	supplies	were
gone—a	sure	sign	that	migrants	had	come	through.	We	pulled	six
gallon	 jugs	 of	 water	 out	 of	 our	 backpacks.	 “Agua	Pura,”	 Orlowski
scribbled	on	the	jugs	with	a	marker.	He	unloaded	an	eight-pack	of
SunVista	pinto	beans	out	of	his	backpack	and	left	that	too.	 In	the
distance,	 I	 saw	 towers	 of	 the	 US	 Border	 Patrol’s	 alert	 beacons.	 A
helicopter	 skimmed	 by.	We	 could	 see	 south	 to	 Mexico,	 and	 north
toward	Tucson	and	Phoenix.	 I	was	exhausted.	I	was	hot.	 I	sat	on	a
rock	 beside	 Orlowski	 and	 tried	 to	 imagine	 wanting	 to	 come	 to
America	so	badly	that	I	would	walk	for	five	or	six	days	across	this
ghostly	 boneyard	 of	 heat.	 And	 the	 hotter	 it	 gets,	 the	 more
treacherous	this	passage	will	become.	Migration	itself	becomes	a
deadly	gamble.

Orlowski	 pointed	 toward	 the	 Growler	 Mountains	 in	 the
distance.	 “Between	 here	 and	 there,	 I’m	 sure	 there	 are	 dozens	 of
people	crossing	right	now,	you	 just	can’t	see	them,”	he	said.	 “Just
like	the	heat,	they	are	invisible.”

Footnote
1	That’s	the	rumor,	anyway.	Officially,	the	site	of	Abbey’s	grave	has	never	been	disclosed.	
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5.	ANATOMY	OF	A	CRIME	SCENE

EARLY	 IN	THE	afternoon	on	July	19,	2022,	the	hottest	day	 in	recorded
history	 in	 the	 UK,	 thirty-nine-year-old	 climate	 scientist	 Friederike
Otto	 rode	 her	 bike	 across	 London	 Bridge	 from	 her	 flat	 in	 the
Southwark	borough	to	a	meeting	downtown.	She	is	thin,	with	green
eyes	 and	 a	 shy	 smile.	 Tiny	 silver	 daggers	 dangled	 in	 her	 pierced
ears	 and	 colorful	 beaded	 bracelets	 dangled	 on	 her	 wrists.	 She	 is
the	 kind	 of	 person	 who	 wears	 green	 Converse	 high-tops
everywhere	and	is	almost	as	serious	about	modern	dance	as	she	is
about	 modern	 climate	 (once,	 when	 asked	 by	 a	 journalist	 to
describe	 herself	 with	 four	 words,	 Otto	 said:	 “Physicist,	 wannabe-
dancer,	 media-go-to-scientist,	 theatreland”).	 Her	 twelve-year-old
son	 was	 off	 at	 school,	 where—to	 her	 relief—she	 knew	 the
administration	 had	 taken	 precautions	 against	 the	 heat,	 making
sure	students	stayed	inside	and	had	plenty	of	water	to	drink.

When	the	heat	arrived	the	day	before,	Otto	was	prepared.	Her
1842	 Victorian	 house	 didn’t	 have	 air-conditioning—because	 of
London’s	historically	mild	climate,	almost	no	one	in	the	city	does—
but	it	was	insulated.	It	also	had	a	basement,	which	was	cool,	where
her	 dog,	 Skyler,	 a	 gangly	 Lab-collie	 mix,	 sought	 refuge	 when	 the
heat	 started	 to	 rise.	 To	 Otto,	 who	 spent	 most	 of	 her	 waking	 life
thinking	about	the	causes	and	consequences	of	extreme	weather
events,	 living	 through	 a	 heat	 wave	 was	 like	 being	 trapped	 in	 her
own	imagination.	It	was	both	familiar	and	surreal.

As	she	pedaled	over	the	Thames,	the	hot	wind	blowing	over	the
river	burned	her	lungs.	It	surprised	her.	And	her	surprise	surprised
her.	 After	 all,	 she	 had	 been	 studying	 heat	 waves	 for	 more	 than	 a
decade,	 and	 is	 a	 leader	 in	 a	 revolutionary	 new	 climate	 science
called	extreme	event	attribution,	which	has	pioneered	new	ways	of
determining	 how	 rising	 levels	 of	 CO2	 in	 the	 atmosphere	 are
changing	 the	 frequency	 and	 intensity	 of	 extreme	 weather	 events.
Otto	and	her	colleagues	have	proven	that	almost	all	extreme	heat
waves	 we	 are	 experiencing	 today	 are	 not	 the	 standard	 effects	 of
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Mother	Nature,	or,	as	climate	skeptics	like	to	say,	“just	the	weather.”
They	are	caused	by	the	actions	of	human	beings	and	the	choices
they	make.

The	 hot	 wind	 spooked	 Otto.	After	 she	 crossed	 the	 bridge,	 she
rode	by	the	monument	to	the	Great	Fire	of	London,	which	burned
most	 of	 the	 city	 down	 in	 1666.	 To	 Otto,	 the	 202-foot-tall	 Doric
column	with	a	gilded	urn	of	fire	at	the	top	was	a	taunting	reminder
of	what	was	at	stake.	“You	could	feel	the	dryness	in	the	hot	air	and
that	 hot	 wind,”	 Otto	 told	 me	 later.	 “All	 it	 would	 take	 is	 one	 spark,
and	I	could	imagine	London	on	fire	again.”1

She	pedaled	on	through	the	city.	She	was	surprised	to	see	how
many	 people	 had	 their	 windows	 open—which,	 Otto	 knew,	 might
seem	 logical	 but	 is	 exactly	 the	 wrong	 thing	 to	 do	 when	 you	 don’t
have	air-conditioning	(in	the	city,	especially	if	there	are	no	cooling
winds,	it’s	better	to	close	the	windows	and	draw	the	curtains	early
in	 the	 day	 to	 keep	 out	 both	 the	 sun	 and	 the	 heat).	 As	 Otto	 biked
along,	 she	 knew	 people	 were	 dying	 in	 the	 heat	 at	 that	 very
moment.	People	trapped	in	hot	flats.	People	with	heart	conditions.
People	who	were	working	outside	and,	because	they	live	in	a	place
where	heat	has	been	a	stranger,	have	no	idea	what	to	do	when	the
temperature	 spikes.	 To	 Otto,	 she	 wasn’t	 just	 a	 scientist	 biking
through	London	on	a	hot	day.	She	was	a	detective	biking	through	a
crime	scene.

To	 understand	 why	 heat	 waves	 are	 so	 dangerous,	 it	 helps	 to
understand	a	little	bit	about	the	nature	of	heat	itself.	After	all,	heat
is	not	the	same	thing	as	temperature.	Temperature	is	a	measure	of
heat.	But	what	 is	heat?	A	chemical	reaction?	A	fundamental	force
like	 gravity?	 Pulsing	 electromagnetic	 waves	 like	 electricity?	When
you	touch	a	child’s	forehead	and	it	feels	warm,	or	you	grab	the	too-
hot	handle	of	a	pan,	what	are	you	actually	feeling?

The	usefulness	of	heat	as	a	tool	has	been	well	understood	for
thousands	of	years.	Fire	was	domesticated	not	only	as	a	means	to
cook	and	preserve	food,	but	also	to	allow	adventurous	humans	to
move	 into	 cooler	 climates	 and	 keep	 warm.	 The	 Egyptians	 used
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heat	to	smelt	copper	and	tin	into	bronze,	heralding	a	new	age	of	art
and	war.	 In	Hinduism,	heat	 is	a	path	to	enlightenment.	The	Aztecs
painted	 their	 gods	 in	 red	 ochre,	 symbolizing	 what	 one	 scholar
described	 as	 “their	 privileged	 relationship	 with	 heat.”	 For	 many
Native	 Americans,	 sweat	 lodges	 are	 linked	 with	 spiritual	 rituals,
such	as	the	Sun	Dance	of	the	Lakota	Sioux,	 in	which	participants
sought	to	reconnect	with	nature	and	the	supernatural.

The	 ancient	 Greeks	 believed	 the	 world	 was	 made	 up	 of	 four
elements:	 fire,	 water,	 earth,	 and	 air.	 One	 substance	 could	 be
changed	 into	 another	 by	 altering	 the	 relative	 proportions	 of	 the
four	 elements.	 Heating	 clay	 in	 an	 oven,	 for	 example,	 could	 be
thought	 of	 as	 driving	 off	 water	 and	 adding	 fire,	 thereby
transforming	 the	 clay	 into	 a	 pot.	 A	 few	 Greek	 philosophers,
including	 Plato,	 rightly	 suspected	 there	 was	 a	 link	 between	 heat
and	motion,	but	didn’t	take	it	any	further	than	that:	“heat	and	fire…
are	themselves	begotten	by	impact	and	friction:	but	this	is	motion.
Are	not	these	the	origins	of	fire?”

Fifteen	 hundred	 years	 later,	 during	 the	 Islamic	 Golden	 Age	 in
the	tenth	and	eleventh	centuries,	a	pair	of	thinkers	proposed	that
heat	 was	 related	 to	 light—which	 was	 a	 big	 step	 in	 the	 right
direction.	Al-Bīrunī,	 a	 mathematician	 and	 scholar	 who	 served	 the
Sultan	 Mahmūd	 of	 the	 Ghazna	 Kingdom	 (now	 Afghanistan),	 was
the	first	to	divide	hours	into	minutes	and	seconds.	He	was	also	the
first	 to	 ask	 how	 heat	 got	 from	 the	 sun	 to	 the	 Earth.	 His	 answer:
“Heat	occurs	here	from	the	reflection	of	light.”	Al-Bīrunī	eventually
decided	that	heat	is	nothing	more	than	“detached	rays	of	the	sun”
but	 also	 noted	 that	 it	 was	 caused	 by	 “friction.”	 This	 fascination
with	 light	 and	 heat	 was	 shared	 by	 Ibn	 al-Haytham,	 an	 Arab
astronomer	 and	 mathematician	 who	 was	 one	 of	 the	 founders	 of
the	 study	 of	 optics.	 He	 used	 mirrors	 to	 experiment	 with	 directing
and	concentrating	light,	and	came	to	the	conclusion	that	light	and
heat	were	connected—increasing	the	concentration	of	light	would
heat	objects	more	quickly.

The	 first	 attempt	 to	 measure	 heat	 in	 a	 scientifically
quantifiable	 way	 came	 with	 the	 invention	 of	 the	 thermometer.
Around	1602,	Galileo	built	a	device	for	measuring	temperature	that
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depended	 on	 the	 expansion	 of	 air	 when	 it	 was	 heated.	 It	 was
basically	a	glass	tube	filled	with	liquid	(wine	was	sometimes	used),
in	which	smaller	sealed	glass	spheres	floated.	As	the	temperature
rose,	the	air	 in	the	spheres	expanded,	causing	the	spheres	to	rise
in	the	glass	tube.

The	modern	thermometer	was	born	a	hundred	years	later,	when
German	physicist	G.	D.	Fahrenheit	built	one	with	alcohol	in	a	bulb
at	one	end	of	a	thin	uniform	tube	that	was	evacuated	and	sealed	at
the	 other	 end.	 The	 alcohol	 (later	 replaced	 by	 mercury)	 moved	 up
and	 down	 in	 the	 tube	 as	 the	 temperature	 changed.	 The	 Swedish
astronomer	 Anders	 Celsius	 made	 a	 similar	 thermometer	 in	 1742.
Their	 thermometers	 were	 graduated	 in	 different	 scales,	 which
subsequently	 became	 known	 as	 Fahrenheit	 and	 Centigrade	 (or
Celsius)	scales.2

Thermometers	 were	 useful,	 but	 they	 didn’t	 help	 much	 in
advancing	any	deeper	understanding	of	what	heat	actually	is.

The	first	person	to	really	grasp	the	cosmic	nature	of	heat	was	a
tall	kid	from	Massachusetts	who	was	known	for	most	of	his	adult
life	 as	 Count	 Rumford.	 Born	 on	 a	 farm	 in	 1753,	 Rumford	 led	 an
outlandishly	colorful	life—first	as	a	spy	for	the	British	army	during
the	Revolutionary	War,	then	in	the	court	of	Karl	Theodor,	Elector	of
Bavaria,	in	the	decrepit	and	declining	Holy	Roman	Empire.	He	lived
in	 a	 gilt-walled	 palace,	 partied	 with	 Mozart	 and	 Voltaire,	 and,
according	to	one	giddy	biographer,	slept	with	half	the	countesses
and	 duchesses	 on	 the	 Continent.	 He	 also	 happened	 to	 be	 a
brilliant,	 intuitive	thinker.	Rumford’s	contribution	to	the	science	of
heat	 gave	 birth	 to	 conceptual	 breakthroughs	 that	 led	 to	 the	 first
and	 second	 laws	 of	 thermodynamics,	 two	 fundamental	 laws	 of
physics	 that	 underpin	 our	 understanding	 of	 the	 universe	 and,	 not
coincidentally,	 are	 key	 drivers	 in	 the	 heat	 waves	 that	 are	 killing
people	today.

During	Rumford’s	time,	there	were	two	competing	theories	of	heat.
One	was	the	kinetic	theory.	The	basic	 idea	was	that	the	heat	of	a
body	was	associated	with	the	constant	movement	of	the	particles
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of	 which	 the	 body	 was	 made.	 Frictional	 rubbing	 or	 hammering,
such	as	a	wheel	spinning	on	an	axle,	increased	this	movement	so
that	 the	 body	 got	 hotter.	 As	 Isaac	 Newton	 put	 it	 in	 the	 early
eighteenth	century,	a	few	decades	prior	to	Rumford’s	experiments:
“Heat	 consists	 in	 the	 trembling	 agitation	 of	 the	 smallest	 parts	 of
bodies	all	manner	of	ways;	&	the	parts	of	all	bodies	are	always	in
some	agitation.”

But	 the	 kinetic	 theory	 of	 heat	 had	 been	 pushed	 aside	 by	 the
caloric	theory	of	heat,	which	came	to	the	fore	a	few	decades	later
in	 the	 late	 eighteenth	 century.	 It	 owed	 much	 of	 its	 popularity	 to
French	chemist	Antoine	Lavoisier,	one	of	the	scientific	rock	stars	of
the	late	eighteenth	century,	a	man	who	is	often	referred	to	today	as
the	father	of	modern	chemistry.

The	 caloric	 theory	 supposed	 that	 heat	 was	 an	 invisible
substance	 or	 fluid	 that	 somehow	 flowed	 into	 a	 body	 when	 it	 was
heated	 and	 flowed	 out	 when	 it	 was	 cooled.	 The	 hotter	 a	 body
became,	 the	 more	 caloric	 it	 contained,	 which	 explained	 why	 a
body’s	volume	 increased	(think	of	how	your	fingers	swell	up	on	a
hot	 day).	 Lavoisier	 regarded	 caloric	 as	 a	 real	 substance	 and	 even
included	 it,	 along	 with	 light,	 in	 his	 table	 of	 thirty-three	 chemical
elements,	which	he	produced	in	1789.

Rumford	 thought	 the	 caloric	 theory	 was	 nonsense.	 He	 also
knew	that	if	he	could	prove	it,	he	would	be	celebrated	and	famous.

In	 1797,	 some	 ten	 years	 after	 Lavoisier	 produced	 his	 table	 of
elements,	Rumford,	as	major	general	and	commandant	in	the	court
of	 the	 Holy	 Roman	 Emperor	 of	 Bavaria,	 decided	 it	 was	 time	 to
upgrade	Bavaria’s	artillery	for	the	defense	of	Munich.	And	for	that
purpose	he	ordered	the	manufacture	of	heavy	brass	cannons.

This	 was	 not	 a	 neat	 and	 tidy	 project.	 Rumford’s	 shop	 was,	 in
fact,	 positively	 Frankenstein-ish,	 with	 dim	 light	 and	 tiny	 soot-
covered	 windows	 and	 screeching	 metal	 biting	 into	 metal	 and	 the
acrid	 smell	 of	 freshly	 cut	 brass.	 As	 one	 science	 historian	 notes,
“the	 immediate	 purpose	 of	 making	 cannons	 was	 not	 to	 satisfy
scientific	curiosity	but	to	kill	Frenchmen.”



Here	 is	how	it	worked:	Each	cannon	barrel,	after	being	cast	 in
the	form	of	a	solid	cylinder,	was	placed	horizontally	on	the	bed	of	a
lathe.	 A	 massive	 screw	 pushed	 the	 stationary	 drill	 bit—a	 blade
made	 of	 hardened	 steel—into	 the	 front	 end	 of	 the	 barrel	 with	 a
force	of	several	tons.	At	the	same	time,	a	revolving	shaft	attached
to	the	back	of	the	barrel	turned	the	entire	casting	on	its	own	axis	at
the	rate	of	thirty-two	revolutions	per	minute.	The	power	for	turning
the	 cannon	 was	 provided	 by	 two	 draft	 horses	 harnessed	 to	 a
winch.	As	they	walked	in	a	circle,	a	system	of	gears	transmitted	the
motion	of	the	winch	up	to	the	lathe’s	shaft.

At	 some	 point	 (Rumford’s	 journals	 are	 not	 clear	 about	 exactly
when),	 he	 discovered	 that	 the	 cannon-boring	 apparatus	 could	 be
modified	into	a	heat	experiment.	He	built	a	tub	that	allowed	him	to
submerge	the	cannon	in	water	while	 it	was	being	drilled.	A	tub	of
water,	 Rumford	 knew,	 was	 a	 better	 reservoir	 for	 heat	 than	 the	 air,
and	one	that	he	could	measure	precisely.	 It	was	also	a	result	that
you	didn’t	have	to	be	a	scientist	to	understand:	boiling	water	is	the
most	obvious	and	everyday	application	of	heat.

Rumford	 reasoned	 that	 if	 heat	 was	 an	 invisible	 fluid,	 or	 a
substance	contained	in	the	material	of	the	brass	cannon	itself,	as
the	 caloric	 theory	 of	 heat	 suggested,	 then	 surely	 that	 substance
was	not	infinite.	It	might	indeed	cause	the	water	to	heat	up,	but	for
how	long?	With	the	cannon-boring	apparatus,	Rumford	could	keep
the	experiment	going	as	long	as	the	horses	kept	walking.	Although
he	 didn’t	 think	 about	 it	 this	 way	 at	 the	 time,	 he	 was	 transforming
the	energy	of	the	horses	into	mechanical	energy	in	the	spinning	of
the	 drill	 bit,	 which	 was	 then	 converted	 into	 thermal	 energy	 by
warming	 the	 water.	 It	 was	 a	 perfect	 illustration	 of	 the	 first	 law	 of
thermodynamics,	which	would	not	be	understood	for	another	fifty
years	 or	 so,	 but	 which	 says	 that	 energy	 can	 be	 transformed	 from
one	form	to	another,	but	it	cannot	be	created	or	destroyed.

On	 a	 gloomy	 day	 in	 October	 1797,	 Rumford’s	 experiment	 was
ready	to	go.	He	commanded	the	horses	to	begin	walking.	The	gears
spun,	the	drill	bit	pressed	against	the	blank	cannon.	Rumford	kept
his	 eye	 on	 the	 thermometer	 in	 the	 tank:	 After	 60	 minutes,	 the
temperature	of	the	water	had	risen	from	60	degrees	to	107	degrees;
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after	90	minutes,	to	150	degrees;	after	120	minutes,	to	177	degrees;
and	after	150	minutes,	the	water	actually	boiled.

“It	 would	 be	 difficult	 to	 describe,”	 Rumford	 later	 wrote,	 “the
surprise	 and	 the	 astonishment	 expressed	 in	 the	 countenances	 of
the	bystanders,	on	seeing	so	large	a	quantity	of	cold	water	heated,
and	actually	made	to	boil,	without	any	fire.”

In	the	history	of	science,	this	was	a	revolutionary	moment.	Over
the	 next	 few	 decades,	 German	 physicist	 Rudolf	 Clausius	 and
British	 mathematician	 Lord	 Kelvin	 built	 on	 Rumford’s	 work	 and
established	 a	 dynamic	 theory	 of	 heat	 that	 underlies	 modern
physics	 and	 chemistry	 today.	 But	 with	 this	 single	 experiment,
Rumford	 proved	 that	 heat	 is	 not	 an	 invisible	 fluid	 but	 an
inexhaustible	expression	of	matter,	something	built	 into	our	world
not	unlike	the	way	language	is	built	into	our	lives.	There	is	no	end
to	 the	 words	 you	 can	 say,	 just	 as	 there	 is	 no	 end	 to	 the	 heat	 that
can	be	generated.	He	didn’t	know	it	at	the	time,	but	he	had	found
the	 link	 between	 the	 sun	 and	 the	 horses	 and	 his	 own	 life	 and
everything	 around	 him.	 They	 were	 all	 manifestations	 of	 energy—
which	is	to	say,	of	motion,	and	of	heat.

Thanks	to	Rumford,	and	those	who	followed	 in	his	 footsteps,	 it	 is
now	pretty	easy	to	say	what	heat	is:	it’s	the	vibration	of	molecules.
Or	 to	 put	 it	 another	 way,	 temperature	 is	 the	 average	 speed	 of	 a
collection	 of	 molecules.	 Something	 is	 cold	 when	 the	 average
speed	of	its	molecules	is	low	and	it	is	hot	when	the	average	speed
is	high.

Still,	heat	does	flow—but	it	doesn’t	flow	like	a	river.	Grab	hold
of	the	door	handle	of	your	car	on	a	hot	summer	day	and	it	feels	like
heat	 is	 moving	 into	 your	 hand.	 But	 that’s	 not	 what	 is	 happening.
When	you	grab	the	door	handle,	its	faster-moving	molecules	bump
into	the	slower-moving	molecules	in	your	hand,	which	causes	the
speed	of	the	molecules	in	your	hand	to	 increase	and	those	in	the
handle	to	slow	down.	Your	brain	senses	the	increased	speed	of	the
molecules	 in	 your	 hand	 as	 warmth;	 the	 temperature	 of	 your	 hand
has	 increased.	 But	 there	 is	 no	 actual	 current	 of	 heat	 flowing	 into
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your	 hand.	 The	 molecules	 in	 the	 door	 handle	 stay	 in	 the	 door
handle,	 and	 the	 molecules	 in	 your	 hand	 stay	 in	 your	 hand.	 The
molecules	 in	 the	 door	 handle	 are	 just	 agitated,	 and	 they	 spread
that	agitation	into	your	hand.	“Heat	moves	less	like	a	river	through
a	canyon	and	more	like	laughter	through	a	crowd,”	writes	physicist
Brian	Greene.

Different	 molecules	 vibrate	 at	 different	 rates,	 depending	 on
their	structure.	That	is	one	reason	why	water	holds	more	heat	than
air.	Or	steel	more	than	wood.	It	is	also	why	some	gases	trap	heat	in
the	atmosphere	while	other	gases	don’t.	Hydrogen,	for	example,	is
not	a	greenhouse	gas,	but	CO2	 is.	What’s	the	difference?	CO2,	 like
other	 greenhouse	 gases,	 has	 a	 molecular	 structure	 that	 makes	 it
more	sensitive	to	the	heat	that	the	Earth	absorbs	from	the	sun	and
reflects	back	into	the	atmosphere,	creating	thermal	radiation.	CO2

molecules	react	to	this	radiation,	causing	them	to	vibrate	and	bend
and	 jitterbug.	 As	 more	 greenhouse	 gases	 accumulate	 in	 the
atmosphere,	 the	 jitterbugging	 in	 the	 sky	 above	 us	 accelerates.
That’s	why,	as	we	burn	fossil	fuels	and	release	CO2	molecules	into
the	 atmosphere,	 our	 world	 is	 heating	 up.	 The	 sky	 is	 literally
vibrating	faster.

Early	pioneers	of	what	we	now	call	climate	science,	such	as	Eunice
Newton	Foote,	whose	1856	paper	“On	the	Heat	 in	the	Sun’s	Rays”
was	the	first	scientific	article	to	state	that	if	CO2	levels	were	higher,
the	planet	would	be	warmer,	knew	nothing	of	vibrating	molecules.
She	 and	 other	 researchers	 (they	 didn’t	 call	 themselves	 scientists
then)	 just	 understood	 that	 certain	 gases,	 such	 as	 CO2,	 were	 good
at	 trapping	 heat.	 However,	 Foote	 and	 other	 researchers	 certainly
weren’t	 worried	 about	 heat	 waves.	 Those	 who	 thought	 about	 the
effect	on	the	planet	at	all	believed	that	a	little	warming	would	be	a
nice	 thing	 to	 have.	 Svante	 Arrhenius,	 who	 published	 the	 first
calculations	that	described	the	greenhouse	effect	in	1896,	claimed
that	 the	 world	 “may	 hope	 to	 enjoy	 ages	 with	 more	 equable	 and
better	 climates.”	 Most	 people	 assumed	 that	 a	 “balance	 of	 nature”
made	 catastrophic	 consequences	 impossible,	 and	 if	 any	 change
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did	result	from	the	“progress”	of	human	industry,	it	would	be	all	to
the	good.	“Nobody	worried	about	the	impacts	of	a	climate	change
that	 scientists	 expected	 would	 only	 affect	 their	 remote
descendants,	several	centuries	in	the	future,	if	it	happened	at	all,”
science	historian	Spencer	Weart	writes.

Fast	 forward	 fifty	 years.	 In	 the	 1950s,	 a	 few	 scientists	 realized
that	the	level	of	CO2	in	the	atmosphere	might	be	rising,	suggesting
that	 the	 average	 global	 temperature	 might	 climb	 a	 few	 degrees
before	the	end	of	the	twenty-first	century.	One	prominent	scientist,
Roger	 Revelle,	 speculated	 that	 in	 the	 twenty-first	 century	 the
greenhouse	 effect	 might	 in	 fact	 exert	 “a	 violent	 effect	 on	 the
earth’s	 climate.”	 In	 1957,	 Revelle	 told	 a	 Congressional	 committee
that	 the	 greenhouse	 effect	 might	 someday	 turn	 Southern
California	and	Texas	into	“real	deserts.”

Among	scientists,	most	of	the	worries	about	global	warming,	to
the	degree	that	there	were	any,	were	around	melting	ice.	That	was
easy	to	understand:	it	gets	hot,	ice	melts.

Then	 in	 1984,	 a	 landmark	 paper	 on	 heat	 waves	 by	 scientists
Linda	 Mearns	 and	 Stephen	 Schneider	 was	 one	 of	 the	 first	 to
explore	the	possibility	of	extreme	heat	events	and	their	connection
to	 things	 we	 care	 about.	 It	 wasn’t	 just	 that	 the	 world	 was	 getting
warmer,	 they	 pointed	 out.	 “Even	 small	 changes	 in	 [average]
temperatures	 sometimes	 result	 in	 large	 changes	 in	 event
probabilities,”	they	wrote.	As	an	example,	they	showed	that	a	five-
day	 heat	 wave	 of	 at	 least	 95	 degrees	 in	 Iowa—which	 could	 be
devastating	 to	 corn	 crops—was	 three	 times	 more	 likely	 with	 an
average	global	warming	of	3	degrees.

An	 even	 bigger	 turning	 point	 was	 the	 1988	 Congressional
testimony	 of	 NASA	 scientist	 James	 Hansen,	 the	 man	 who	 is	 now
thought	 of	 as	 the	 godfather	 of	 modern	 climate	 science.	 “I	 would
like	to	draw	three	main	conclusions,”	Hansen	told	a	packed	Senate
chamber.	 “Number	 one,	 the	 earth	 is	 warmer	 in	 1988	 than	 at	 any
time	in	the	history	of	instrumental	measurements.	Number	two,	the
global	 warming	 is	 now	 large	 enough	 that	 we	 can	 ascribe	 with	 a
high	 degree	 of	 confidence	 a	 cause-and-effect	 relationship	 to	 the
greenhouse	 effect.	 And	 number	 three,	 our	 computer	 climate
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simulations	 indicate	 that	 the	 greenhouse	 effect	 is	 already	 large
enough	to	begin	to	affect	the	probability	of	extreme	events	such	as
summer	heat	waves.”

Hansen	 showed	 a	 graph	 of	 global	 temperature	 over	 the	 last
hundred	 years,	 pointing	 out	 that	 the	 rate	 of	 warming	 in	 the	 past
twenty-five	years	was	the	highest	on	record.	He	detected	warming
of	 0.4°C	 by	 1988.	 The	 probability	 of	 a	 chance	 warming	 of	 that
magnitude	 is	 about	 1	 percent.	 “In	 my	 opinion,”	 Hansen	 famously
stated,	 “the	 greenhouse	 effect	 has	 been	 detected,	 and	 it	 is
changing	our	climate	now.”

Not	 surprisingly,	 Hansen	 focused	 on	 heat	 waves	 as	 the	 most
obvious	 manifestation	 of	 rising	 temperatures.	 He	 compared	 the
frequency	 of	 hot	 summers	 in	 Washington,	 DC,	 and	 Omaha,
Nebraska.	Between	1950	and	1980,	Hansen	argued,	the	probability
of	having	a	hot	summer	was	33	percent.	But	by	the	1990s,	because
of	the	greenhouse	effect,	the	probability	increased	to	between	55
percent	and	70	percent.

When	it	came	to	mechanisms	for	how	that	works,	beyond	the
heat-trapping	 effect	 of	 greenhouse	 gases,	 Hansen	 was	 vague.	 He
showed	 some	 model	 images	 of	 the	 difference	 between
temperatures	in	the	US	now	and	in	2029,	predicting	that	by	2029,	it
would	 be	 warmer	 almost	 everywhere.	 He	 pointed	 out	 that	 he
noticed	 “a	 clear	 tendency”	 in	 his	 model	 for	 greater-than-average
warming	 in	 the	 Southeast	 and	 the	 Midwest.	 “In	 our	 model	 this
result	seems	to	arise	because	the	Atlantic	Ocean	off	 the	coast	of
the	United	States	warms	more	slowly	than	the	land,”	Hansen	said.
“This	leads	to	high	pressure	along	the	east	coast	and	circulation	of
warm	air	north	into	the	Midwest	or	Southeast.”

But	then	Hansen	issued	his	caveats:	“There	is	only	a	tendency
for	this	phenomenon.	It	is	certainly	not	going	to	happen	every	time,
and	 climate	 models	 are	 certainly	 imperfect	 tools.	 However,	 we
conclude	 that	 there	 is	 evidence	 that	 the	 greenhouse	 effect
increases	 the	 likelihood	 of	 heat	 wave	 drought	 situations	 in	 the
Southeast	 and	 Midwest	 United	 States	 even	 though	 we	 cannot
blame	a	specific	heat	wave	or	drought	on	the	greenhouse	effect.”

This	was	a	crucial	point,	one	that	was	true	of	the	science	at	the
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time,	but	one	that	would	long	be	exploited	by	climate	deniers	and
others.	 Climate	 change	 might	 change	 the	 odds	 of	 having	 a	 heat
wave,	 they	 would	 argue,	 but	 you	 couldn’t	 point	 to	 any	 one	 heat
wave	 and	 say,	 “Climate	 change	 caused	 that.”	And	 Hansen	 was	 of
course	right—for	a	long	time,	you	couldn’t.

But	thanks	to	the	work	of	Otto	and	others,	now	you	can.

When	 Hansen	 testified	 before	 Congress,	 Otto	 was	 six	 years	 old.
She	was	born	in	1982	in	Kiel,	Germany.	She	grew	up	in	a	cottage	in
the	countryside	not	far	from	the	Danish	border,	a	place	she	called
“excruciatingly	 boring.”	 Her	 father	 was	 a	 university	 administrator;
her	 mother	 taught	 English	 and	 Russian.	 Otto	 was	 a	 bookish,	 shy
kid.	“I	was	not	a	great	student,”	she	told	me.	She	had	no	idea	what
she	 wanted	 to	 do	 with	 her	 life.	 She	 enrolled	 at	 the	 University	 of
Potsdam,	where	she	studied	physics	because	it	was	the	least-bad
option	among	studies	available	to	her.	During	the	2003	heat	wave
in	Europe,	which	killed	seventy	thousand	people—that’s	more	than
the	 number	 of	 US	 soldiers	 killed	 during	 the	 entire	Vietnam	War—
Otto	 was	 in	 her	 first	 year	 of	 university.	 “Climate	 change	 was
definitely	 not	 a	 topic—at	 least	 not	 in	 my	 world,”	 Otto	 recalled.	 “I
used	to	work	in	an	ice	cream	shop	during	the	summer.	I	remember
that	 I	 regretted	 it	 that	 year	 because	 it	 was	 so	 busy	 that	 summer.
The	job	usually	had	a	lot	of	quiet	time	when	I	could	read,	but	in	the
summer	of	2003	it	was	extremely	stressful	because	there	were	so
many	people	wanting	to	buy	ice	cream.”

By	 the	 time	 Otto	 graduated	 in	 2007,	 she	 began	 hearing	 and
reading	 about	 climate	 change.	 It	 interested	 her.	 “I	 talked	 at	 that
time	 to	 my	 dad	 about	 maybe	 going	 into	 climate	 science	 and	 he
thought	 it	 a	 terrible	 idea,”	 she	 told	 me.	 “He	 thought	 it’s	 just	 a
fashionable	topic	nobody	will	be	interested	in	in	a	few	years’	time.”

At	 university,	 she	 discovered	 she	 liked	 reading	 about	 science
almost	 as	 much	 as	 she	 liked	 the	 science	 itself.	 So	 she	 moved	 to
Berlin	 to	 attend	 the	 Free	 University	 of	 Berlin	 and	 pursue	 a	 PhD	 in
the	 philosophy	 of	 science.	 “I	 got	 interested	 in	 models—social
models,	 economic	 models,	 climate	 models.	 I	 was	 interested	 in
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what	 can	 be	 known	 and	 what	 can’t.”	 She	 eventually	 focused	 her
attention	 on	 climate	 models—not	 because	 she	 was	 concerned
about	 saving	 the	 world,	 but	 because	 how	 you	 model	 a	 system	 as
infinitely	 complex	 as	 the	 Earth	 interested	 her.	 Her	 2011	 PhD
dissertation	 was	 titled:	 “Modelling	 the	 Earth’s	 Climate—an
Epistemic	 Perspective.”	 It’s	 a	 124-page	 argument	 about	 how	 to
reduce	 uncertainty	 and	 increase	 transparency	 so	 that	 models	 are
more	 reliable	 and	 trustworthy.	 And	 getting	 models	 right	 is
important,	 Otto	 argues,	 because	 scientists	 can’t	 run	 experiments
on	the	Earth’s	atmosphere	itself.	“We	have	only	got	one	Earth,”	she
wrote.

After	she	finished	her	dissertation,	Otto	had	no	idea	what	to	do
next.	 Who	 wants	 to	 hire	 a	 PhD	 in	 philosophy	 of	 science?	 “I	 was
completely	 unemployable,”	 she	 says.	 But	 then,	 she	 applied	 for	 a
short-term	 position	 with	 Myles	 Allen,	 a	 geophysicist	 at	 the
University	 of	 Oxford.	Allen	 was	 interested	 in	 how	 to	 make	 climate
models	better	too.	Otto	got	the	job	and	moved	to	Oxford.	 It	was	a
lucky	break.

One	 of	 the	 most	 consequential	 revolutions	 in	 climate	 science
began	in	2003,	when	Allen	watched	the	flooding	River	Thames	rise
closer	 and	 closer	 to	 the	 walls	 of	 his	 home	 in	 South	 Oxford.	 He
thought,	 I’m	 a	 climate	 scientist.	 Why	 can’t	 I	 find	 out	 who	 is
responsible	for	this?

As	 Allen	 monitored	 the	 rising	 waters,	 he	 happened	 to	 hear
someone	 from	 the	 Met	 Office,	 the	 UK’s	 national	 weather	 service,
on	 the	 radio	 in	 his	 house	 telling	 him	 that	 discovering	 who	 was
responsible	was	impossible.	Sure,	the	flood	was	the	type	of	event
likely	 to	 be	 made	 more	 frequent	 by	 global	 warming,	 the	 voice	 on
the	radio	said.	But	saying	anything	more	concrete	about	the	cause-
and-effect	 relationship	 was	 not	 possible.	 It	 was	 the	 same	 point
Hansen	 had	 made	 twenty	 years	 earlier.	 But	 was	 it	 really	 true	 any
longer?

Allen,	who	is	known	as	a	fiercely	independent	thinker,	took	it	as
a	challenge	to	find	out.



In	 an	 article	 he	 wrote	 as	 the	 floodwaters	 inched	 closer	 to	 his
kitchen	door,	Allen	argued	that	 it	might	not	always	be	 impossible
to	attribute	extreme	weather	events	to	climate	change—it	was	just
“simply	 impossible	 at	 present,	 given	 our	 current	 state	 of
understanding	of	the	climate	system.”	And	if	researchers	were	ever
able	 to	 make	 that	 breakthrough,	 he	 mused,	 the	 science	 could
potentially	 influence	 the	 public’s	 ability	 to	 blame	 greenhouse	 gas
emitters	for	the	damages	caused	by	climate-related	events.	Allen’s
commentary	 was	 published	 in	 February	 2003	 in	 the	 prestigious
journal	Nature	with	the	stark	but	scary	(for	fossil	fuel	companies)
title	“Liability	for	Climate	Change.”

Allen	 got	 a	 chance	 to	 experiment	 with	 his	 idea	 a	 few	 months
later	 when	 a	 heat	 wave	 baked	 Europe	 with	 the	 highest
temperatures	 since	 records	 began	 being	 kept	 in	 the	 fifteenth
century.	Allen	teamed	up	with	Peter	Stott,	a	climate	scientist	at	the
Met	 Office,	 to	 explore	 whether	 the	 heat	 wave	 could	 be	 linked	 to
climate	 change.	 The	 details	 are	 complex,	 but	 their	 basic	 method
was	to	use	climate	models	with	lower	concentrations	of	CO2	in	the
atmosphere	to	see	if	they	would	produce	a	similar	heat	wave.	Their
conclusion:	“We	estimate	it	is	very	likely	that	human	influence	has
at	 least	 doubled	 the	 risk	 of	 a	 heat	 wave	 exceeding	 this	 threshold
magnitude,”	they	wrote	in	a	paper	published	the	following	year.

With	 that	 sentence,	 the	 science	 of	 extreme	 event	 attribution
was	born.

There	 were	 a	 lot	 of	 skeptics,	 including	 scientists	 who
questioned	 their	 methods	 or	 their	 data.	 Others	 argued	 that	 the
models	 didn’t	 accurately	 represent	 the	 real	 world.	 But	 Allen	 and
Stott	were	highly	respected	scientists.	Their	findings	were	not	easy
to	brush	away.

It’s	no	surprise	Allen	and	Stott	completed	their	first	attribution
study	on	a	heat	wave	instead	of,	say,	a	hurricane.	“Climate	change
is	 reflected	 more	 strongly	 in	 heat	 waves	 than	 in	 any	 other
phenomena,”	Otto	said.	A	lot	of	variables	go	into	the	intensity	and
duration	 of	 a	 heat	 wave,	 including	 the	 moisture	 in	 the	 land	 and
atmospheric	 circulation	 patterns.	 But	 compared	 to	 the	 complex
dynamics	of	a	hurricane,	they	are	fairly	easy	to	define	and	model.



When	Otto	arrived	in	Oxford	in	2011	to	work	with	Allen,	she	had
never	heard	of	attribution	studies.	But	she	was	 intrigued.	And	the
questions	 these	 kinds	 of	 studies	 raised	 dovetailed	 with	 a	 lot	 of
what	she	had	thought	and	written	in	her	PhD	dissertation.

She	 went	 to	 work	 immediately.	 In	 2010,	 a	 major	 heat	 wave
cooked	 Russia	 with	 temperatures	 as	 high	 as	 104	 degrees.	 More
than	55,000	people	died.	She	wondered,	could	this	extreme	event
be	directly	attributed	to	climate	change?

At	 first,	 the	 answer	 wasn’t	 clear.	 One	 paper	 published	 shortly
after	 the	 event	 by	 scientists	 from	 Boulder,	 Colorado,	 concluded
that	the	heat	wave	was	“mainly	due	to	natural	internal	atmospheric
variability.”	 In	 another	 study,	 however,	 scientists	 from	 Potsdam,
Germany,	 calculated	 an	 80	 percent	 probability	 that	 these	 record
temperatures	 would	 not	 have	 occurred	 without	 climate	 change.
Otto	 and	 colleagues,	 including	 Dutch	 climatologist	 Geert	 Jan	 van
Oldenborgh,	 spent	 a	 few	 weeks	 analyzing	 whether	 the	 studies
really	 did	 contradict	 one	 another—and	 if	 so,	 which	 one	 was
correct.	 “The	 result	 was	 a	 pleasant	 surprise	 for	 all	 involved,”	 Otto
wrote	later	in	her	book,	Angry	Weather.	“Both	studies	were	correct;
they	 had	 simply	 asked	 different	 questions.	 One	 study	 focused	 on
the	heat	record	itself—the	magnitude	of	the	heat	wave—while	the
other	looked	at	the	probability	of	the	heat	record	being	broken.	So
had	climate	change	made	the	heat	wave	more	 likely?	The	answer
was	a	resounding	‘yes.’”

Otto	and	her	colleagues’	review	of	the	two	studies—it	was	her
first	 published	 paper	 ever—helped	 cement	 extreme	 event
attribution	as	a	legitimate	branch	of	climate	science.	Her	work	was
even	 noted	 in	 the	 Fifth	Assessment	 Report	 of	 the	 United	 Nations’
Intergovernmental	Panel	on	Climate	Change,	the	gold	standard	of
climate	science,	which	was	completed	in	2014.

The	science	of	extreme	event	attribution,	Otto	quickly	realized,
could	have	a	profound	effect	on	how	people	viewed	the	impacts	of
human-made	 climate	 change—and	 whom	 they	 held	 responsible
for	 it.	 “To	 me,	 science	 is—or	 can	 be—a	 tool	 for	 justice,”	 she	 told
me.	“Extreme	event	attribution	 is	the	first	science	ever	developed
with	the	court	in	mind.”



For	the	next	few	years,	Otto	refined	her	methods	for	connecting
the	 dots	 between	 extreme	 weather	 and	 climate	 change.	 Some
events,	 Otto	 and	 her	 colleagues	 discovered,	 such	 as	 a	 four-day
rainfall	 in	 Europe	 that	 caused	 severe	 flooding	 in	 the	 Danube	 and
Elbe	Rivers,	was	not	linked	to	climate	change.	To	Otto,	saying	that
some	events	were	not	related	to	human-made	climate	change	was
as	important	as	saying	that	some	were.	But	either	way,	none	of	her
work	 had	 much	 impact,	 in	 part	 because	 her	 papers	 came	 out	 so
long	after	the	event	that	nobody	paid	attention.

In	 2014,	 Otto	 and	 Allen	 happened	 to	 be	 at	 a	 scientific
conference	 in	 San	 Francisco.	 In	 a	 Starbucks	 downtown,	 they	 met
with	 Heidi	 Cullen,	 the	 chief	 scientist	 for	 Climate	 Central,	 whose
mission	 it	 was	 to	 make	 science	 more	 accessible	 to	 a	 general
audience.	 Cullen	 understood	 the	 power	 of	 extreme	 event
attribution,	but	thought	that	if	it	was	really	going	to	have	an	impact
on	 how	 people	 viewed	 climate	 change,	 the	 link	 between	 extreme
weather	 and	 climate	 had	 to	 happen	 faster,	 in	 real	 time,	 while	 the
event	 was	 still	 fresh	 in	 people’s	 minds.	 “Can	 you	 do	 this	 faster?”
she	 asked.	 Otto	 and	 Allen	 thought	 it	 was	 possible.	 But	 working
faster	 meant	 risking	 mistakes	 in	 their	 analysis,	 which	 could	 set
back	 climate	 science	 for	 years.	 Still,	 Otto	 was	 game	 to	 try	 (Allen
was	 focused	 on	 other	 work).	 A	 few	 months	 later,	 she	 and	 van
Oldenborgh	 started	 World	 Weather	 Attribution,	 a	 project	 to	 bring
together	 scientists	 devoted	 to	 rapid	 analysis	 of	 extreme	 weather
events	 to	 determine	 how	 (and	 if)	 they	 were	 caused	 by	 climate
change.	 “It	 was	 as	 though,	 two	 years	 after	 the	 light	 bulb	 was	 first
developed,	 we	 had	 announced	 that	 we	 were	 going	 to	 install
electric	 lanterns	 on	 every	 street	 without	 knowing	 whether	 mass
production	was	even	possible,”	Otto	later	wrote.

More	 than	 a	 few	 people	 in	 the	 climate	 science	 establishment
believed	 that	 real-time	 attribution	 wasn’t	 “real”	 science,	 in	 part
because	 each	 paper	 didn’t	 go	 through	 the	 yearlong	 peer	 review
process	that	other	papers	do	before	publication	(Otto	makes	clear
that	 the	 models	 she	 uses	 are	 peer-reviewed,	 just	 not	 the	 results
themselves).	“I	think	the	pushback	would	have	been	much	greater
if	I	weren’t	a	young	woman,”	Otto	explained.	“I	think	a	lot	of	the	old
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white	 guys	 in	 the	 science	 world	 just	 dismissed	 me	 as	 a	 crazy
woman	off	doing	something	on	her	own,	and	paid	no	attention	to
me.”

Not	 every	 event	 Otto	 and	 her	 team	 studied	 was	 amplified	 by
climate	 change.	They	 analyzed	 Hurricane	 Harvey,	 which	 hit	Texas
in	2017,	and	determined	that	climate	change	made	the	storm	three
to	 four	 times	 more	 likely.	 They	 found	 that	 the	 flooding	 in
Bangladesh	 the	 same	 year,	 however,	 was	 not	 linked	 to	 climate
change.	 By	 the	 time	 the	 heat	 wave	 hit	 the	 Pacific	 Northwest	 in
2021,	 they	 had	 analyzed	 nearly	 a	 dozen	 extreme	 events	 and	 their
technique	was	well	honed.	 It	 took	Otto	and	her	team	exactly	nine
days	 to	 say	 that	 the	 heat	 wave	 that	 killed	 more	 than	 a	 thousand
people	 and	 a	 billion	 sea	 creatures	 would	 have	 been	 “virtually
impossible”	without	climate	change.

Such	 bold	 statements,	 which	 also	 happened	 to	 be	 true
statements	 that	 stood	 up	 under	 intense	 scrutiny	 from	 other
researchers,	made	Otto	a	rock	star	in	the	world	of	science.	She	and
van	Oldenborgh	were	named	to	the	2021	Time	100,	the	magazine’s
annual	 list	 of	 the	 hundred	 most	 influential	 people	 of	 the	 year.
Nature,	 the	 prestigious	 science	 journal,	 chose	 Otto	 as	 one	 of	 the
ten	people	who	made	significant	contributions	to	science	in	2021.

“Attribution	 studies	 are	 really	 essential	 in	 terms	 of
understanding	 human	 impacts	 of	 climate	 change,”	 said	 Emily
Boyd,	a	social	scientist	at	Lund	University	in	Sweden	who	studies
climate	 adaptation	 and	 governance.	 “The	 science	 is	 shifting	 our
mind-sets—it	allows	us	to	think	about	the	relation	between	climate
and	 vulnerability	 in	 a	 completely	 new	 way.”	 More	 specifically,
extreme	 event	 attribution	 is	 a	 tool	 that	 can	 profoundly	 reshape
public	conversation	about	the	climate	crisis.	Instead	of	framing	the
crisis	 as	 a	 future	 event,	 something	 that	 will	 impact	 our	 children
and	 grandchildren	 and	 generations	 to	 come,	 as	 it	 often	 is,	 Otto’s
work	 is	 proof	 that	 it	 is	 happening	now,	 in	 real	 time.	 Among	 other
things,	 real-time	 attribution	 will	 likely	 turn	 out	 to	 be	 a	 vital	 tool	 in
court,	 opening	 the	 door	 to	 legal	 remedies	 for	 Allen’s	 original
question	 of	 legal	 liability:	 Who	 is	 responsible	 for	 trashing	 the
climate,	and	how	can	they	be	held	responsible?



As	 revolutionary	 as	 all	 this	 is,	 looking	 back	 at	 heat	 waves	 is
easier	than	looking	forward.	Or	to	put	it	another	way,	just	because
it’s	 now	 possible	 to	 say	 with	 certainty	 that	 human-made	 climate
change	 has	 made	 heat	 waves	 more	 frequent,	 more	 intense,	 and
more	 deadly,	 it	 doesn’t	 help	 much	 to	 answer	 the	 next	 questions:
How	hot	is	it	going	to	get?	And	where	will	the	next	heat	wave	hit?

Nobody	 expected	 a	 70-degree	 jump	 in	 temperature	 during	 a	 heat
wave	in	Antarctica	in	2021.	And	yet	it	happened.	Nobody	expected
121	 degrees	 in	 British	 Columbia.	 And	 yet	 it	 happened.	 Nobody
expected	104	degrees	in	London.	And	yet	it	happened.	As	of	2022,
the	current	record	high	 in	Phoenix	 is	122	degrees.	Could	 it	hit	135
degrees?	How	about	140	degrees?	If	not	 in	Phoenix,	how	about	 in
Pakistan?	 What	 are	 the	 limits?	 I	 talked	 to	 a	 number	 of	 scientists,
who	 all	 pointed	 out	 the	 heat	 waves	 can	 be	 amplified	 by	 local
conditions,	from	how	dry	the	soil	is	to	how	much	pollution	there	is
in	the	air	(the	particulates	that	make	up	smog,	paradoxically,	act	as
tiny	 mirrors,	 reflecting	 away	 sunlight	 and	 keeping	 places	 cool)	 to
hotspots	in	the	ocean.	But	every	scientist	I	talked	to	agreed	on	one
thing:	the	more	fossil	fuel	we	burn,	the	higher	the	extremes	can	get.

But	 perhaps	 the	 more	 urgent	 question	 is:	 How	 hot	 can	 it	 get
right	now?	Or,	to	put	it	another	way,	with	today’s	level	of	warming,
are	 there	 any	 brakes	 on	 the	 atmospheric	 system	 that	 prevent	 a
heat	wave	beyond	any	we’ve	experienced	or	imagined?

To	 answer	 this	 question,	 I	 have	 to	 take	 you	 on	 a	 brief	 detour
into	the	world	of	atmospheric	dynamics,	which	is	the	next	frontier
of	 heat	 wave	 science.	 Atmospheric	 dynamics	 is	 a	 fancy	 way	 of
talking	 about	 how	 the	 air	 above	 us	 moves	 around	 the	 planet,
creating	 our	 weather.	 One	 way	 to	 think	 about	 atmospheric
circulation	 is	 as	 a	 giant	 heat	 transport	 system,	 one	 that	 is
constantly	 circulating	 warm	 air	 from	 the	 tropics	 up	 to	 the	 poles,
and	bringing	the	cooler	air	from	the	poles	down	to	the	tropics.	The
main	engine	of	this	heat	transport	system	is	called	the	jet	stream,
which	 blows	 west	 to	 east	 in	 the	 upper	 atmosphere.	 TV
weathercasters	love	to	talk	about	the	jet	stream,	often	illustrating	it
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with	 red	 (for	 warm)	 and	 blue	 (for	 cool)	 arrows	 circulating	 over
images	of	the	Earth.

Heat	 waves	 are	 created	 most	 often	 by	 changes	 in	 the	 jet
stream.	 The	 pressure	 waves	 that	 guide	 the	 jet	 stream,	 known	 as
Rossby	 waves,	 are	 shaped	 by	 the	 temperature	 differences
between	the	poles	and	the	tropics.	Think	of	them	as	guardrails	for
the	 jet	 stream,	 boundaries	 that	 keep	 it	 on	 track.	 The	 Arctic,
however,	 is	 warming	 four	 times	 faster	 than	 the	 rest	 of	 the	 planet,
due	in	part	to	the	melting	ice	that	allows	the	oceans	and	the	open
land	 to	 absorb	 more	 heat.	 (Ice	 is	 a	 very	 good	 reflector,	 bouncing
away	sunlight	and	cooling	itself.	But	eventually,	the	warming	melts
enough	 ice	 to	 expose	 heat-absorbing	 land	 or	 water,	 which	 in	 turn
accelerates	 the	 ice	 melt	 even	 further.)	 As	 the	 Arctic	 warms,	 it’s
changing	 the	 temperature	 gradient	 between	 the	 poles	 and	 the
tropics.	 That	 in	 turn	 weakens	 the	 Rossby	 waves,	 allowing	 the	 jet
stream	to	meander	and	get	twisty.	Sometimes	those	twists	trap	hot
air	 over	 a	 region,	 not	 allowing	 it	 to	 escape.	 The	 trapped	 air	 gets
hotter	and	hotter,	as	a	result	of	both	the	warm	land	below	and	the
increasing	 high	 pressure	 that	 keeps	 out	 clouds	 and	 amplifies	 the
sunlight.	 And	 that,	 to	 oversimplify	 greatly,	 is	 how	 you	 get	 a	 heat
wave.

Among	the	big	questions	scientists	are	grappling	with	now:	As
the	 world	 continues	 to	 warm,	 how	 weird	 and	 wobbly	 will	 the	 jet
stream	get?

One	example:	A	few	weeks	before	the	heat	wave	hit	London	in
2022,	 researchers	 published	 a	 study	 that	 raised	 the	 alarm	 about
the	risk	of	heat	waves	in	Europe.	The	authors	found	that	Europe	is
a	heat	wave	hotspot,	where	heat	waves	are	warming	three	to	four
times	 faster	 here	 than	 on	 average	 in	 the	 mid-latitudes.	Why?	The
jet	 stream	 is	 splitting	 apart	 over	 Europe,	 leading	 to	 more	 high-
pressure	zones.	Double	jet	streams,	or	split	flow	as	meteorologists
like	to	call	it,	happen	naturally.	But	the	authors	found	that	they	are
increasing	 and	 may	 explain	 a	 large	 portion	 of	 the	 faster
acceleration	in	heat	intensity	over	Europe.	A	meandering	jet	stream
was	also	implicated	in	the	2021	Pacific	Northwest	heat	wave	that	I
described	in	the	prologue.



“Everybody	 is	 really	 worried	 about	 the	 implications	 of	 these
recent	 extreme	 events,”	 van	 Oldenborgh	 said	 shortly	 before	 his
death	from	cancer	in	2021.	“This	is	something	nobody	saw	coming,
nobody	 thought	 possible.	 We	 feel	 we	 do	 not	 understand	 heat
waves	as	well	as	we	thought	we	did.”

So	the	best	answer	the	scientists	 I	 talked	to	could	give	me	to
the	 question	 of	 how	 hot	 can	 it	 get	 right	 now	 is…	 well,	 they	 don’t
know.	 But	 it	 is	 a	 subject	 of	 active	 investigation.	 “I	 don’t	 think
anyone	 believes	 you	 could	 have	 a	 seventy-degree	 jump	 in	 New
York	 City,”	 Otto	 explained.	 “But	 five	 degrees	 above	 the	 all-time
high?	 Ten	 degrees?	 That	 certainly	 seems	 within	 the	 realm	 of
possibility.”

The	 more	 extreme	 heat	 waves	 become,	 the	 more	 deadly	 they
will	be	to	people	who	are	unprepared	and	vulnerable.	And	the	more
extreme	 they	 become,	 the	 more	 the	 question	 that	 Myles	 Allen
asked	 himself	 twenty	 years	 ago	 will	 resonate:	Who	 is	 responsible
for	this?	At	some	point	in	the	not-so-distant	future,	the	question	of
who	 burned	 the	 fossil	 fuel	 that	 caused	 the	 heat	 wave	 that	 killed
Jane	Doe	will	become	the	climate	version	of	who	pulled	the	trigger
of	the	gun	that	killed	Jane	Doe.	And	when	the	science	and	the	law
advance	 enough	 that	 Otto	 and	 her	 colleagues	 convince	 a	 judge
that	 they	 can	 answer	 that	 question,	 a	 new	 age	 of	 accountability
will	 begin.	 If	 that	 sounds	 like	 no	 big	 deal,	 consider	 this:	 it	 means
that	 a	 company	 like	 ExxonMobil,	 which,	 by	 some	 measures,	 is
responsible	 for	 about	 3	 percent	 of	 historic	 global	 CO2	 emissions,
could	be	sued	for	3	percent	of	the	deaths	or	property	destruction
and	 economic	 losses	 from	 every	 climate-driven	 flood	 and	 heat
wave—past,	present,	and	future.	To	say	that	there	are	hundreds	of
billions	of	dollars	at	stake	doesn’t	begin	to	describe	it.	This	is	one
reason	why	the	discussion	about	“loss	and	damages”	is	so	fraught
in	international	climate	talks,	with	the	leaders	of	rich,	industrialized
nations	 in	the	Global	North	pushing	hard	to	keep	the	topic	out	of
the	 negotiations	 while	 politicians	 and	 activists	 in	 the	 climate-
ravaged	countries	of	the	Global	South	say,	very	bluntly,	“We’re	the
ones	who	are	suffering.	We’re	the	ones	who	are	dying.	You	owe	us,
and	you	need	to	pay.”



I	asked	Otto	if	she	can	imagine	a	day	in	the	near	future	when	a
company	 like	 ExxonMobil	 is	 held	 liable	 in	 a	 court	 of	 law	 for	 the
deaths	in	an	extreme	heat	wave.

“Yes,	 I	 can,”	 she	 replied	 without	 hesitation.	 “Not	 only	 can	 I
imagine	it.	I	believe	it	will	happen	sooner	than	you	think.”

Footnotes
1	 In	fact,	parts	of	London	did	burn.	Grass	fires	spread	to	homes,	shops,	and	vehicles	 in	what	city
officials	described	as	the	Fire	Brigade’s	busiest	day	since	World	War	II.
2	 On	 the	 Fahrenheit	 scale,	 the	 freezing	 point	 of	 water	 at	 sea	 level	 is	 32	 degrees	 and	 the	 boiling
point	 is	 212	 degrees.	 Celsius	 measured	 the	 freezing	 and	 boiling	 points	 of	 water	 and	 divided	 the
distance	between	the	two	into	hundredths.	He	originally	designed	the	scale	in	the	opposite	order
of	the	scale	used	today—0°C	was	the	boiling	point	of	water,	and	100°C	was	the	freezing	point—but

other	scientists	later	reversed	the	scale.	
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6.	MAGIC	VALLEY

BY	 JULY	2022,	rancher	Mickey	Edwards	in	Lampasas	County,	Texas,
had	 seen	 enough.	 The	 grass	 on	 much	 of	 his	 land,	 he	 said,	 was
“crunchy,	 dry,	 and	 dusty.”	 It	 was	 useless	 for	 his	 cattle,	 who	 were
growing	thin	and	bony.	For	a	while,	he	fed	them	bales	of	hay	from
last	year’s	harvest—until	a	stock	pond	went	dry,	and	the	cattle	had
nothing	 to	 drink.	 He	 ended	 up	 selling	 off	 about	 forty	 animals,	 or
more	than	15	percent	of	his	herd.

John	 Paul	 Dineen	 in	 Ellis	 County	 near	 Dallas	 said	 his	 seven
hundred	acres	of	corn	were	“pathetic	and	scraggly.”	He’d	walk	out
in	the	field	and	peel	back	an	ear	and	it	was	dry	and	hard	and	only
half	 covered	 with	 kernels.	 He	 knew	 it	 was	 going	 to	 be	 a	 bad	 year.
He	 began	 harvesting	 his	 corn	 in	 mid-July,	 joining	 many	 corn
growers	 in	 the	 state	 who	 started	 a	 couple	 of	 weeks	 earlier	 than
usual	 because	 the	 extremely	 high	 temperatures	 caused	 plants	 to
mature	 ahead	 of	 schedule.	 But	 there	 wasn’t	 much	 corn,	 however
pathetic	and	scraggly	it	may	have	been,	for	Dineen	to	harvest.	The
stalks	were	only	five	feet	tall	at	most,	compared	with	six	to	seven
feet	normally.	“Yields	are	fifty	percent	of	an	average	year,”	he	said.
“We	 might	 get	 fifty	 bushels	 per	 acre,”	 which	 was	 far	 below	 the
usual	100	to	110	bushels.

Dineen	 was	 not	 the	 only	 corn	 grower	 who	 was	 suffering.	 By
midsummer,	 according	 to	 the	 US	 Department	 of	 Agriculture,	 42
percent	of	Texas	corn	acreage	was	in	poor	or	very	poor	condition.
Only	3	percent	was	in	excellent	condition.	David	Gibson,	executive
director	of	Texas	Corn	Producers,	a	trade	group,	said	the	heat	and
the	 drought	 had	 been	 devastating	 for	 many	 farmers	 even	 though
the	 market	 price	 for	 corn	 was	 high.	 “When	 you’ve	 got	 no	 corn	 to
sell,	a	good	price	doesn’t	keep	you	in	business,”	Gibson	said.

It	wasn’t	just	Texas.	In	2022,	extreme	heat	hurt	crop	harvests	all
over	the	world.	The	corn	harvest	in	France	was	the	lowest	in	three
decades.	Throughout	the	European	Union,	soybean	and	sunflower
yields	were	projected	to	be	10	percent	lower	due	to	extreme	heat.
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In	 India,	 the	 wheat	 crop	 was	 significantly	 below	 projections,
leading	 the	 government	 to	 put	 a	 ban	 on	 wheat	 exports,	 alarming
grain	traders	and	food	security	analysts.	Devinder	Sharma,	India’s
leading	agriculture	expert,	defended	the	government’s	export	ban,
arguing	that	the	country	must	ensure	it	had	enough	food	for	its	1.4
billion	people	before	it	sold	wheat	abroad.	“Look	at	what	the	heat
wave	did	to	our	crops	this	time,”	Sharma	told	CBS	News.	“Who	will
be	responsible	if	monsoon	rains	wreak	havoc	too,	or	if	some	other
climate	factors	hit	our	production	next	year?”

Without	 enough	 food,	 there	 is	 only	 hunger,	 chaos,	 and	 violence.
Malevolent	rulers	and	dictators	throughout	history	have	known	this
and	 exploited	 it	 for	 their	 own	 ends.	 Russian	 president	 Vladimir
Putin	 not	 only	 understands	 the	 political	 power	 of	 food,	 he	 also
weaponizes	 it.	 With	 the	 Russian	 invasion	 of	 Ukraine	 in	 2022,	 he
deliberately	 disrupted	 the	 country’s	 wheat	 supply,	 triggering	 a
global	 food	 crisis.	 Until	 the	 invasion,	 Ukraine	 was	 one	 of	 the	 top
wheat	 exporters	 in	 the	 world.	 By	 blockading	 Ukrainian	 ports,
blowing	 up	 rail	 lines,	 stealing	 grain,	 and	 killing	 farmers,	 Putin
effectively	 took	 about	 20	 million	 tons	 of	 wheat	 off	 the	 market.
Global	 wheat	 production	 is	 about	 850	 million	 tons,	 so	 that	 was
hardly	enough	to	cause	a	worldwide	famine.	But	it	was	enough	to
cause	the	price	of	wheat	to	jump	more	than	60	percent.	In	the	US,
where	 the	 average	American	 spends	 less	 than	 10	 percent	 of	 their
income	 on	 food,	 rising	 food	 prices	 put	 the	 squeeze	 on	 many
working	 families	 and	 became	 a	 hot	 political	 issue	 in	 the	 2022
midterm	elections.	But	for	people	in	the	developing	world,	many	of
whom	 spend	 40	 percent	 or	 more	 of	 their	 income	 on	 food,	 a	 big
jump	in	the	price	of	wheat	was	the	difference	between	eating	and
going	 hungry.	 In	 2022,	 high	 food	 prices	 sparked	 riots	 in	 Sri	 Lanka
and	 pushed	 an	 additional	 twenty-three	 million	 people	 toward
starvation	 in	 sub-Saharan	 Africa.	 “By	 attacking	 Ukraine,	 the
breadbasket	 of	 the	 world,	 Putin	 is	 attacking	 the	 world’s	 poor,
spiking	 global	 hunger	 when	 people	 are	 already	 on	 the	 brink	 of
famine,”	 Samantha	 Power,	 the	 administrator	 of	 the	 United	 States
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Agency	for	International	Development	(USAID),	told	reporters.
This	 war-driven	 food	 crisis,	 however,	 was	 in	 some	 sense

artificial,	 given	 that	 it	 was	 not	 driven	 by	 any	 actual	 shortage	 of
food	 in	 the	 world.	 Even	 with	 the	 Ukrainian	 wheat	 off	 the	 market,
there	 was	 still	 plenty	 of	 grain	 to	 go	 around.	 The	 issue	 was	 how
much	 it	 cost	 and	 how	 it	 was	 distributed.	 And	 Putin	 was	 not	 the
only	 one	 who	 was	 exploiting	 this	 situation.	 Commodity	 traders
make	 money	 off	 wild	 price	 swings,	 shippers	 make	 money	 off
people	 desperate	 for	 grain,	 fertilizer	 manufacturers	 make	 money
off	 farmers	 desperate	 to	 maximize	 their	 yields,	 and	 protofascist
politicians	 are	 happy	 to	 exploit	 rising	 food	 prices	 as	 evidence	 of
the	failure	of	democracy.

Behind	the	immediate	wartime	food	panic,	a	much	bigger	and
more	 worrisome	 crisis	 loomed.	 Since	 2019,	 the	 number	 of	 people
facing	 acute	 food	 insecurity	 has	 soared—from	 135	 million	 to	 345
million.	In	2022,	50	million	people	in	45	countries	were	teetering	on
the	 edge	 of	 famine.	 Whatever	 the	 virtues	 of	 our	 modern	 food
system	 may	 be,	 eliminating	 global	 hunger	 is	 clearly	 not	 one	 of
them.	More	than	30	percent	of	the	food	we	grow	is	wasted,	left	to
rot	in	warehouses	or	tossed	out	by	finicky	consumers	who	decided
they	didn’t	like	the	sauce	on	their	pasta.	In	the	US,	30	million	acres
of	prime	agricultural	land	is	devoted	to	growing	corn	and	soybeans
to	 make	 fuel	 (mostly	 ethanol)	 for	 gas-guzzling	 cars	 and	 trucks.
Aquifers	are	being	pumped	dry,	often	to	grow	water-hungry	crops
like	 rice	 and	 almonds	 and	 alfalfa	 in	 places	 where	 there	 is	 little	 or
no	surface	water.	In	northern	India,	one	of	the	prime	food-growing
regions	 of	 the	 country,	 groundwater	 is	 being	 pumped	 out	 so	 fast
that	the	water	table	is	falling	by	about	three	feet	a	year.

In	 the	 coming	 years,	 the	 challenge	 of	 feeding	 the	 world	 will
only	 get	 more	 complex.	 For	 one	 thing,	 the	 world	 population	 is
projected	to	grow	from	8	billion	today	to	nearly	10	billion	by	2050.
To	 meet	 the	 expected	 demand	 for	 food	 by	 midcentury	 alone,
global	agricultural	output	will	have	to	rise	by	more	than	50	percent.
How	will	 that	work?	The	World	Resources	 Institute	estimated	that
meeting	that	 level	of	agricultural	output	would	require	clearing	at
least	 1.5	 billion	 acres	 of	 forests,	 savannas,	 and	 wetlands	 for	 new
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farmland,	 an	 area	 nearly	 twice	 the	 size	 of	 India.	 That’s	 obviously
not	 going	 to	 happen,	 but	 it	 does	 give	 you	 a	 sense	 of	 the	 scale	 of
the	problem.

Meanwhile,	 food	 productivity	 is	 already	 in	 decline	 due	 to
human-made	 climate	 change.	 One	 recent	 Cornell	 University–led
study	found	that	global	crop	production	today	is	21	percent	lower
than	it	would	have	been	without	climate	change.	The	losses	were
higher	 for	 warm	 regions—such	 as	 Africa,	 Latin	 American	 and	 the
Caribbean—than	 for	 cooler	 regions	 such	 as	 North	 America	 and
Europe.	But	as	long	as	the	heat	keeps	rising,	the	overall	decline	in
crop	productivity	 is	 likely	to	continue.	For	every	degree	Celsius	of
increase	 in	 global	 mean	 temperature,	 yields	 are	 expected	 to
decrease	by	7	percent	for	corn,	6	percent	for	wheat,	and	3	percent
for	rice.

It	is	true	that	farmers	have	had	to	deal	with	wild	weather	for	as
long	as	humans	have	been	putting	seeds	in	the	ground.	But	this	is
different.	 This	 is	 not	 about	 freaky	 hailstorms	 and	 random	 cold
snaps.	As	Donald	Ort,	a	professor	of	plant	biology	at	the	University
of	Illinois	Urbana-Champaign,	explained	to	me,	“The	largest	single
global	change	that	threatens	food	security	is	high	temperature.”

The	 risk	 to	 food	 security	 from	 extreme	 heat	 begins	 with	 basic
physics	 and	 biology.	 Like	 humans,	 plants	 live	 in	 their	 own
Goldilocks	Zone.	They	respond	to	temperature	just	like	humans	do.
Except	 they	 can’t	 crank	 up	 the	 air-conditioning	 or	 cruise	 over	 to
the	 beach	 if	 it	 gets	 too	 hot.	 They	 are	 stuck	 where	 they	 are.	 Yes,
plants	 can	 move	 to	 more	 suitable	 climates	 over	 time,	 especially
those	that	regenerate	by	seeds	that	can	be	transported	in	the	wind
or	dispersed	by	birds	or	enterprising	humans.	Given	enough	time,
entire	forests	can	migrate	to	cooler	climates.	But	individual	plants,
once	they	take	root,	are	stuck	where	they	are.	If	it	gets	too	hot,	they
are	 in	 trouble.	 Extreme	 heat	 waves	 are	 particularly	 dangerous
because	they	come	out	of	nowhere	and	the	plants	have	little	time
to	adapt.

Heat	 increases	 the	 metabolism	 of	 plants,	 just	 like	 it	 does	 in
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humans.	 It	 raises	 their	 heart	 rate,	 in	 effect.	 And	 that	 speeds	 up
everything,	 including	 the	 need	 for	 water.	 Plants	 are	 about	 97
percent	water	(humans,	in	contrast,	are	60	percent	water).	Water	is
key	 for	 all	 their	 basic	 functions,	 including	 photosynthesis.	 Some
plants	are	more	efficient	than	others	in	dealing	with	limited	water.
The	 prickly	 pear	 cactus,	 which	 thrives	 in	 the	 deserts	 of	 northern
Mexico	 and	 the	 southwestern	 US,	 stores	 water	 in	 its	 stems	 and
protects	 itself	 from	 thirsty	 predators	 with	 long,	 needlelike	 spines.
Pistachios	 in	 California’s	 Central	 Valley	 can	 thrive	 with	 far	 less
water	than	almonds.	But	however	well	adapted	a	plant	may	be,	the
water/heat	 relationship	 is	 absolute:	 the	 hotter	 it	 gets,	 the	 more
water	it	needs.	“Plants	are	water-pumping	machines,”	one	biologist
told	me.

When	it	gets	hot,	plants	do	more	or	less	what	humans	do—they
sweat	(in	plants,	it’s	called	transpiration).	Instead	of	sweat	glands,
plants	 have	 tiny	 openings	 in	 the	 underside	 of	 their	 leaves	 that
release	 water	 vapor,	 similar	 to	 skin	 pores.	 Most	 plants	 transpire
their	weight	in	water	every	day	(if	humans	sweated	that	much,	we’d
have	to	drink	twenty	gallons	of	water	a	day).	For	plants,	even	small
changes	 in	 temperature	 mean	 big	 changes	 in	 sweat.	 “To	 get	 a
sense	 of	 how	 important	 temperature	 is,	 if	 you	 go	 from	 25	 to	 35
Celsius	 [77	 to	 95	 degrees	 Fahrenheit]	 you	 more	 than	 double	 the
amount	of	water	needed	to	maintain	a	given	level	of	growth,”	says
David	Lobell,	an	agricultural	ecologist	at	Stanford	University.	Corn
is	 a	 particularly	 big	 sweater.	 In	 the	 summertime,	 a	 single	 acre	 of
corn	in	Iowa	can	sweat	four	thousand	gallons	a	day—enough	to	fill
a	typical	residential	swimming	pool	in	less	than	a	week.	This	need
for	water	is	why,	for	crops	like	corn	and	soybeans,	dry	heat	is	much
more	 damaging	 than	 wet	 heat—dry	 heat	 not	 only	 sucks	 the
moisture	out	of	the	plants,	but	it	is	usually	accompanied	by	lower
rainfall,	which	dries	out	the	soil	that	allows	the	crops	to	thrive.

Heat	 impacts	 plants	 in	 other	 ways.	 It	 changes	 the	 timing	 of
blooms,	 which	 can	 put	 them	 out	 of	 sync	 with	 pollinators.	 Rising
heat	also	makes	plants	more	vulnerable	to	diseases	like	aflatoxin,
a	 fungus	 that	 grows	 on	 corn	 and	 can	 kill	 you	 with	 one	 bite.	 In	 a
hotter	world,	rice—an	important	source	of	nutrition	for	hundreds	of
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millions	 of	 people	 around	 the	 world—sucks	 more	 arsenic	 out	 of
the	soil,	creating	arsenic-laced	kernels	(arsenic-infused	rice	won’t
kill	 you,	 but	 chronic	 exposure	 has	 been	 linked	 to	 breast	 and
bladder	 cancer,	 as	 well	 as	 neurological	 issues	 in	 young	 children).
Heat	 also	 amps	 up	 the	 life	 cycle	 of	 pests	 that	 attack	 plants.
Instead	of	maturing	in	twenty-eight	days,	caterpillars	might	mature
in,	 say,	 twenty-one	 days.	 More	 rapid	 maturity	 means	 more
generations	of	pests	in	a	season,	multiplying	the	damage	they	can
do.

For	years,	the	fossil	fuel	industry	argued	that	burning	coal,	oil,
and	 gas	 was	 good	 for	 plants.	 After	 all,	 fossil	 fuel	 combustion
releases	 CO2;	 as	 everyone	 knows,	 plants	 breathe	 in	 CO2	 the	 way
humans	 need	 oxygen.	 In	 greenhouses,	 a	 little	 dose	 of	 CO2	 can
accelerate	 plant	 growth.	 And	 it’s	 true	 that	 as	 CO2	 levels	 in	 the
atmosphere	increase,	the	Earth	is	getting	greener.

But	 it’s	 more	 complicated	 than	 that.	 Like	 humans,	 plants	 also
acclimatize,	 so	 the	 effect	 diminishes	 with	 time.	 More	 CO2	 also
means	 more	 heat,	 and	 the	 effects	 of	 heat	 quickly	 overwhelm	 the
benefits	 of	 higher	 CO2.	 It	 also	 makes	 some	 plants	 less	 nutritious.
Rice	 grown	 in	 high-CO2	 conditions	 has	 lower	 amounts	 of	 protein,
iron,	zinc,	and	B	vitamins.

Plants,	 like	 people,	 are	 not	 equally	 vulnerable	 to	 rising	 heat.
Wheat	 can	 move	 to	 higher	 elevations.	 Pearl	 millet,	 an	 important
grain	 in	 hot,	 dry	 regions	 of	 India	 and	 Africa,	 might	 thrive	 in	 other
hot,	 dry	 places,	 including	 the	 American	 Southwest.	 Irrigation
systems	can	be	 improved	to	use	 less	water.	New	varieties	can	be
bred	 to	 be	 more	 heat-	 and	 drought-tolerant.	 But	 our	 world	 is
changing	fast.	How	and	where	we	get	our	food	is	not.

In	 the	 nineteenth	 century,	 early	 white	 settlers	 considered	 the	 Rio
Grande	 Valley,	 where	 the	 once-mighty	 Rio	 Grande	 River	 defines
the	border	between	the	US	and	Mexico,	to	be	a	forest	of	thorns	and
cacti	where	tarantulas	crawled	into	your	boots	and	ocelots	slinked
by	just	beyond	the	campfire.	Nomadic	tribes	of	Native	Americans
had	 thrived	 in	 the	 valley	 for	 centuries,	 and	 both	 Spanish	 and
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Mexican	 soldiers	 had	 long	 been	 marching	 through	 the	 region.	 But
among	the	waves	of	settlers	from	the	east	coast	and	the	Midwest
who	 came	 looking	 for	 farmland,	 few	 people	 thought	 the	 region
would	be	good	for	much	beyond	cattle	and	fighting.

Then	 around	 the	 turn	 of	 the	 twentieth	 century,	 somebody
decided	to	dig	ditches	in	the	banks	of	the	Rio	Grande	to	let	water
irrigate	 the	 land.	 Because	 it	 was	 hot,	 they	 planted	 sugarcane,
which	grew	well	in	the	tropics.	It	flourished.	And	landowners	in	the
valley	 realized	 that	 with	 a	 little	 water,	 this	 was	 an	 agricultural
paradise.	 It	 was	 warm,	 which	 meant	 no	 big	 freezes	 and	 a	 long
growing	season,	with	plenty	of	sunshine	and	rich	river-bottom	soil
so	fertile	it	gave	birth	to	farmers’	most	vivid	agricultural	fantasies.
With	water,	they	discovered,	heat	could	be	tamed.

Soon	 there	 were	 canals	 everywhere	 and	 grapefruit	 trees	 and
tomatoes	and	corn	and	cotton	and	lettuce.	Whatever	you	planted,
it	 grew.	 Some	 civic	 booster	 came	 up	 with	 a	 snappy	 nickname	 for
the	Eden-like	region:	the	Magic	Valley.

And	for	the	last	hundred	years	or	so,	 it	has	been	magical.	The
Rio	Grande	Valley—which,	in	fact,	isn’t	much	of	a	valley	at	all,	just
a	 big	 flat	 expanse	 of	 river-bottom	 land	 created	 over	 centuries	 by
the	 ever-changing	 Rio	 Grande—is	 one	 of	 the	 most	 agriculturally
productive	 regions	 in	 America,	 growing	 everything	 from
watermelons	for	Fourth	of	July	picnics	to	sorghum	for	animal	feed
to	papaya	for	salads	and	smoothies.

The	 original	 driver	 of	 the	 Magic	 Valley’s	 magic	 is	 an	 old
irrigation	pump	in	Hidalgo,	a	small	town	that	is	right	on	the	border.
The	pump	house	itself	was	closed	when	I	visited	but	I	wandered	on
the	 grounds	 and	 saw	 the	 irrigation	 channel	 that	 had	 been	 dug
more	 than	 a	 century	 ago.	 A	 historical	 marker	 explained	 that	 the
pump	 house	 had	 been	 built	 in	 1909	 and	 powered	 by	 steam.	 It
pulled	 water	 out	 of	 the	 Rio	 Grande	 and	 pushed	 it	 into	 a	 channel,
which	 spread	 into	 small	 channels	 and	 ditches	 like	 veins	 all	 over
the	valley,	eventually	irrigating	about	forty	thousand	acres	of	land.
The	 old	 pump	 ran	 until	 1983,	 when	 it	 was	 replaced	 by	 a	 new	 all-
electric	pump	downstream.

I	 hoped	 to	 see	 the	 Rio	 Grande	 from	 the	 old	 pump	 house,	 but
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there	 was	 no	 Rio	 Grande	 to	 be	 seen.	 Just	 a	 chain	 link	 fence,	 a
border	guard	asleep	in	his	patrol	car,	and,	a	few	yards	behind	him,
a	towering	steel	wall.	I	learned	later	that	the	Rio	Grande	had	shifted
its	course	over	the	years,	and	it	was	now	a	mile	or	so	farther	west,
out	of	sight	from	the	old	pump	house.

Visible	 or	 not,	 the	 fate	 of	 this	 region	 is	 inseparable	 from	 the
fate	 of	 the	 Rio	 Grande,	 one	 of	 the	 great	 and	 storied	 rivers	 of	 the
West.	It	flows	out	of	the	mountains	of	Colorado	and	makes	its	way
across	New	Mexico,	then	down	to	El	Paso.	It	defines	the	US/Mexico
border	 all	 the	 way	 down	 to	 Brownsville,	 where	 it	 empties	 out	 into
the	Gulf	of	Mexico.	In	some	parts,	especially	just	below	El	Paso,	the
river	 vanishes	 entirely	 before	 being	 replenished	 by	 the	 Rio
Conchos	 River,	 which	 flows	 out	 of	 the	 mountains	 of	 northern
Mexico.	 By	 the	 time	 the	 Rio	 Grande	 gets	 down	 to	 the	 Rio	 Grande
Valley,	it’s	about	thirty	feet	wide	and	nearly	exhausted	from	its	long
journey.

When	I	visited	the	valley	in	2022,	the	Southwest	was	suffering
from	 the	 worst	 drought	 in	 twelve	 hundred	 years.	According	 to	 the
US	 Drought	 Monitor,	 exactly	 99.8	 percent	 of	 the	 region	 was
classified	 as	 in	 “extreme	 drought.”	 Decreasing	 snowpack	 in	 the
Rockies	 has	 diminished	 the	 river’s	 headwaters.	 Golf	 courses	 and
condos	 along	 its	 banks,	 as	 well	 as	 farmers	 who	 grow	 water-
intensive	crops	like	pecans,	leech	its	flow.	The	water	that	is	left	is
increasingly	 salty	 and	 tainted	 by	 nitrogen	 runoff	 and	 other
pollutants.	As	the	heat	rises,	good	water	is	needed	more	than	ever.
But	there	simply	isn’t	enough	to	go	around	anymore.	“When	you	cut
the	water	off,	everything	changes.	Not	only	nature,	but	you	change
people’s	 way	 of	 living,	 the	 economy,	 the	 biodiversity,”	 says	 Estela
Padilla,	 seventy-seven,	 a	 retired	 state	 worker	 who	 has	 lived	 along
the	river	her	entire	life.	“It	is	so	colossal.	It’s	like	a	crime	scene.”

Alexis	 Racelis	 lives	 in	 a	 1960s	 suburban-style	 house	 with	 a	 big
mesquite	 tree	 and	 a	 shaggy	 vegetable	 garden	 in	 the	 front	 yard.
When	I	arrived	at	7	a.m.,	he	was	up	and	loading	gear	into	his	black
Nissan	Pathfinder.	He’s	forty-six	years	old;	he	was	wearing	a	khaki
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shirt	and	well-worn	work	boots,	and	if	you	didn’t	know	who	he	was
you	would	guess	he	was	a	farmer.	He	has	a	salt-and-pepper	beard
and	 broad	 shoulders	 and	 the	 genial,	 no-nonsense	 manner	 of	 a
serious	scientist.	His	parents	were	both	born	in	the	Philippines	and
immigrated	 to	 the	 US	 in	 1976.	 Racelis	 grew	 up	 in	 San	 Diego	 and
was	 close	 with	 his	 grandfather,	 who	 had	 been	 a	 nurse	 in	 the
Philippines	 during	 World	 War	 II.	 “I	 used	 to	 follow	 my	 grandfather
around	in	the	garden,”	Racelis	says.	“He	had	a	deep	perspective	of
life	and	survival	 that	seemed	to	emanate	from	everything	he	did.”
After	 getting	 his	 PhD	 at	 the	 University	 of	 California,	 Santa	 Cruz,
Racelis	 went	 to	 work	 for	 the	 US	 Department	 of	 Agriculture,
focusing	 on	 invasive	 species.	 Now	 he’s	 an	 associate	 professor	 of
agroecology	 at	 the	 University	 of	 Texas	 Rio	 Grande	 Valley.	 He	 still
tracks	 invasive	 species,	 but	 he	 spends	 most	 of	 his	 time	 working
with	 farmers	 to	 find	 ways	 to	 grow	 food	 with	 less	 water	 and	 less
dependence	on	Big	Ag	for	seeds	and	fertilizer.	He’s	also	a	leader	of
a	growing	local	food	movement	and	founded	a	five-acre	farm	and
community	 garden	 in	 the	 city	 of	 Edinburg	 called	 the	 Hub	 of
Prosperity.

“We	have	a	long	growing	season	here,	which	has	always	been	a
big	 advantage,”	 he	 told	 me	 as	 we	 drove	 out	 of	 town	 in	 his
Pathfinder.	 “But	 in	 the	 summer,	 it’s	 so	 hot	 that	 it’s	 basically	 our
fallow	 season.”	 Nothing	 can	 fruit	 when	 it	 gets	 above	 95	 degrees,
which	it	does	from	May	to	September.	And	the	number	of	hot	days
is	 increasing.	 Racelis	 talked	 about	 the	 challenge	 of	 getting	 the
crops	in	and	out	of	the	ground	before	it	gets	too	hot	in	the	spring.
“If	this	heat	keeps	up,”	he	said,	heading	out	beyond	the	strip	malls
into	 agricultural	 land,	 “broccoli	 and	 cauliflower	 is	 going	 to	 start
bolting,	which	is	a	big	problem.”

Racelis	 drove	 forty-five	 minutes	 across	 fields	 of	 onions	 and
watermelons,	as	well	as	giant	squares	of	land	waiting	to	be	planted
with	sorghum	and	corn,	before	we	arrived	at	a	seven-hundred-acre
aloe	farm.	It	was	a	beautiful	place,	with	a	row	of	palm	trees	on	the
main	 road	 and	 a	 big	 farmhouse	 nestled	 in	 some	 trees	 on	 a	 small
hill.	 The	 temperature	 was	 a	 balmy	 92	 degrees.	 Not	 bad—except
that	it	was	February.



Out	 in	 the	 field,	 we	 met	 Andy	 Cruz,	 a	 forty-something	 man	 in
rough,	muddy	boots	who	was	in	charge	of	growing	things	on	these
seven	hundred	acres.	He	had	been	a	farmer	in	the	valley	all	his	life,
he	 told	 me,	 and	 had	 grown	 everything	 from	 corn	 to	 cucumbers.
Now	he	was	in	charge	of	seven	hundred	acres	of	aloe.	Aloe	is	not
primarily	 a	 food	 crop	 (although	 people	 do	 use	 it	 to	 cook,	 and	 for
flavor	 in	yogurts	and	desserts).	 It’s	grown	mostly	for	the	aloe	vera
gel	that	is	found	in	the	leaves	of	the	plants,	which	has	been	used
for	thousands	of	years	for	skin	care	and	other	health	benefits.	 It’s
probably	 in	 the	 soap	 you	 use	 to	 wash	 your	 hands	 and	 the
sunscreen	you	wear	when	you’re	at	the	beach.

By	all	accounts,	aloe	should	be	the	perfect	crop	for	the	valley.
To	 begin	 with,	 it’s	 a	 succulent—that	 is,	 a	 plant	 with	 thick,	 fleshy
tissue	that’s	well	adapted	to	water	storage.	It	evolved	in	the	heat	of
Africa,	and,	like	many	succulents	that	emerged	in	hot	places,	it	has
developed	 a	 unique	 capability	 to	 in	 effect	 hold	 its	 breath	 during
the	 heat	 of	 the	 day	 and	 breathe	 only	 at	 night	 when	 it’s	 cooler.
During	the	day,	the	aloe’s	stomata—the	small	mouthlike	structures
on	 the	 underside	 of	 plant	 leaves	 and	 stems—close	 up	 tight,
minimizing	 the	 water	 loss	 that	 would	 otherwise	 occur	 while	 the
plant	 is	 inhaling	 CO2.	 Then	 at	 night,	 when	 the	 temperatures	 are
cooler,	the	stomata	open	and	the	plant	breathes.

Aloe	 has	 another,	 even	 more	 remarkable	 heat	 adaptation:	 if	 it
gets	too	hot	and	dry	for	too	long,	the	plant	can	put	itself	into	what
amounts	to	a	temporary	hibernation,	slowing	down	its	metabolism
to	the	point	that	its	water	and	CO2	needs	are	minimal.	Then	when	it
rains,	 or	 sufficiently	 cools	 down,	 the	 plant	 wakes	 up	 and	 comes
back	to	life.

Despite	these	wonders,	 the	seven	hundred	acres	of	aloe	have
been	a	world	of	trouble	for	Cruz.	For	one	thing,	a	plant	that’s	well
adapted	to	heat	is	not	necessarily	well	adapted	to	the	lack	of	heat.
A	cold	snap	in	the	valley	in	the	winter	of	2020	killed	half	the	plants
on	the	seven	hundred	acres.	 “It	was	bad,”	Cruz	told	me.	“We	were
out	here	for	two	days	and	nights	with	burners	trying	to	keep	things
warm.	This	climate	change	thing	is	making	the	weather	like	a	Ping-
Pong	ball—you	never	know	where	it	is	going	to	bounce.”



As	he	told	me	about	this,	we	were	walking	among	rows	of	aloe.
I	started	to	explain	how	some	scientists	hypothesize	that	the	freeze
that	 hit	 Texas	 in	 2021—which	 I	 froze	 through	 myself—was	 one	 of
the	 consequences	 of	 a	 warming	 Arctic.	 I	 said,	 “The	 Arctic	 is
warming	four	times	as	fast	as	the	rest	of	the	planet,	and	as	a	result,
it	 is	 pushing	 the	 jet	 stream	 farther	 south,	 allowing	 the	 cold	 arctic
air	 to	 move	 down	 to	 Texas.”	 I	 wanted	 to	 add	 that	 at	 this	 very
moment,	 the	 temperature	 in	 the	 Arctic	 was	 again	 fifty	 degrees
above	 normal,	 which	 meant	 Texas	 could	 freeze	 again.	 But	 I
stopped.	Cruz	was	staring	down	at	his	well-worn,	muddy	boots	and
I	suddenly	heard	myself	talking	like	some	kind	of	wise-ass	city	guy.
Cruz	 clearly	 knew	 a	 million	 times	 more	 about	 the	 relationship
between	plants,	heat,	and	life	than	I	did.

“Up	 until	 five	 years	 ago,	 things	 were	 fairly	 predictable,”	 Cruz
told	 me.	 “But	 now,	 you	 never	 know	 what’s	 coming.	 It’s	 different.
Something’s	changed.”

Of	all	the	commercial	food	crops,	corn	may	be	the	most	vulnerable
to	 heat.	 It	 does	 have	 some	 advantages,	 however.	 Most	 plants	 use
what’s	 known	 as	 C3	 photosynthesis	 to	 convert	 sunlight	 into	 food
(it’s	so	named	because	the	carbon	compounds	produced	contain
three	 carbon	 atoms).	 But	 C3	 photosynthesis	 is	 problematic
because	 about	 20	 percent	 of	 the	 time,	 these	 plants	 make	 a
mistake	 and	 instead	 of	 a	 carbon	 molecule	 they	 grab	 an	 oxygen
molecule,	which	is	useless	to	them.

Corn	 is	 a	 C4	 plant	 (others	 include	 sorghum	 and	 sugarcane),
which	 uses	 a	 different	 process	 that	 avoids	 the	 mistake	 of
confusing	 oxygen	 with	 carbon,	 which	 makes	 the	 plant’s
metabolism	 more	 efficient.	 Also,	 similar	 to	 aloe	 and	 other
succulents,	 it	 closes	 up	 its	 stomata	 on	 hot	 days,	 allowing	 it	 to
conserve	 water	 and	 better	 tolerate	 heat	 (corn	 moderates	 its
breathing	 depending	 on	 temperature,	 while	 aloe	 breathes	 only	 at
night,	regardless	of	temperature).

Like	aloe	and	other	succulents,	corn	evolved	in	a	warm	place.
Its	wild	ancestor,	a	grass	called	teosinte,	 thrived	for	ten	thousand
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years	in	the	Balsas	River	Valley	in	south-central	Mexico,	where	the
temperature	 is	 a	 steady	 80	 degrees.	 That	 means	 that	 deep	 in	 its
ancestral	 gene	 pool,	 it	 has	 more	 tools	 to	 handle	 heat	 than	 many
plants.

But	80	degrees	 is	very	different	than,	say,	102	degrees.	As	the
world	 heats	 up,	 corn	 is	 nearing	 the	 limits	 of	 its	 adaptive	 (or
“permissive”)	temperature	range.	To	put	it	another	way,	it’s	already
growing	in	hot	places	and	now	those	places	are	getting	hotter.	Add
a	 modest	 heat	 wave	 to	 those	 already	 hot	 places	 and	 corn	 has
trouble	coping.	Add	an	extreme	heat	wave	and	it	may	not	recover
at	all.	Corn	is	in	particular	trouble	if	that	heat	wave	hits	during	the
reproductive	 cycle.	 “Heat	 disrupts	 the	 development	 of	 the	 pollen
tube,	 which	 is	 deployed	 from	 the	 pollen	 to	 deliver	 the	 sperm	 into
the	 female	 plant’s	 ovule,”	 plant	 scientist	 Donald	 Ort	 told	 me.	 “So
the	plant	never	fertilizes,	there	is	no	ear.”

Corn	 is	 also	 vulnerable	 because,	 at	 least	 here	 in	 the	 US,	 big
seed	 companies	 like	 Monsanto	 and	 BSF	 have	 had	 their	 way	 with
the	 corn	 genome	 for	 years.	 Growing	 it	 requires	 huge	 amounts	 of
nitrogen	 fertilizers,	 which	 end	 up	 polluting	 rivers	 and	 lakes,
causing	 huge	 algae	 blooms.	 In	 the	 right	 conditions,	 commercially
bred	corn	is	a	superstar.	But	if	heat	spikes	and	rains	don’t	come	at
the	right	time,	 it’s	vulnerable.	 In	the	highly	engineered	varieties	of
corn	that	most	farmers	grow,	much	of	its	rich	genetic	diversity	has
been	 bred	 out	 and	 what	 is	 left	 is	 an	 army	 of	 high-yielding	 inbred
hermaphrodites,	exquisitely	suited	for	a	narrow	range	of	conditions
that	 exist	 in	 the	 Corn	 Belt.	 Or	 that	 existed	 there	 before	 climate
change	started	making	a	mess	of	the	weather.

So	why	not	just	plant	corn	in	cooler	places?	It’s	not	so	simple.
“If	you	plant	corn	in	the	Central	Valley	in	California	and	you	give	it
unlimited	water,	it	does	amazingly	well,”	Jeffrey	Ross-Ibarra,	a	corn
geneticist	 at	 the	 University	 of	 California,	 Davis,	 told	 me.	 “It’s	 just
not	 economically	 feasible.	The	 profit	 margins	 are	 such	 that	 you’d
rather	be	growing	grapes	or	almonds	or	something	 in	California	 if
you’re	going	to	spend	a	lot	of	money	on	water.	So	I	don’t	think	it’s
as	 simple	 as	 saying	 temperatures	 are	 going	 to	 push	 everything
north	 and	 we’ll	 be	 fine,	 because	 it	 is	 a	 combination	 of	 soils	 and
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water	 and	 government	 regulations	 and	 agronomic	 practices	 and
even	 contract	 preferences.	 One	 of	 the	 issues	 in	 Mexico,	 for
example,	 is	 there’s	corn	varieties	for	specific	foods.	 If	you	hand	a
farmer	 a	 particularly	 well-adapted,	 heat-tolerant	 corn	 variety	 that
is	terrible	for	pozole,	they’re	not	going	to	grow	it	if	what	they	want
is	corn	for	pozole.”

The	 vulnerability	 of	 corn	 matters	 because	 it’s	 the	 industrial
food	 stock	 of	 American	 life.	 Processed	 foods,	 from	 breakfast
cereals	 to	 ice	 cream,	 are	 saturated	 in	 corn	 syrup.	 Corn	 is	 also	 a
prime	 feedstock	 for	 animals,	 which	 have	 themselves	 been
engineered	 to	 ingest	 and	 digest	 huge	 amounts	 of	 corn	 and
transform	 it	 into	 animal	 protein.	 In	 this	 sense,	 a	 McDonald’s
hamburger	is	better	thought	of	as	a	McDonald’s	corn	burger.	Corn
fuels	your	trip	to	McDonald’s,	too.	More	than	half	the	corn	grown	in
Iowa	actually	ends	up	as	ethanol,	which	is	mixed	with	gasoline	and
is	an	essential	ingredient	in	fuel.

If	 corn	 productivity	 declines,	 there	 will	 be	 more	 pressure	 to
clear	 land	 to	 grow	 more,	 which	 is	 bad	 news	 for	 places	 like	 the
Amazon	rain	forest.	 It	will	also	raise	prices	for	many	food	staples,
especially	meat.	How	exactly	that	will	play	out	will	be	different	 in
different	 places	 at	 different	 times.	 But	 as	 the	 Russian	 invasion	 of
Ukraine	 demonstrated,	 higher	 food	 prices	 are	 inextricably	 linked
with	political	instability,	chaos,	and	war.	Sharply	rising	prices	were
a	 major	 driver	 of	 the	 French	 Revolution.	 Food	 protests	 not	 only
kick-started	 the	 1917	 Russian	 Revolution	 from	 which	 the	 Soviet
Union	 was	 born	 but	 also,	 ironically,	 contributed	 to	 the	 USSR’s
demise.	The	Arab	Spring	uprising,	which	began	in	2010	and	jolted
the	political	stability	of	the	Middle	East,	was	triggered	in	part	as	a
protest	against	rising	food	prices.

Racelis	 and	 I	 drove	 out	 to	 a	 twelve-thousand-acre	 ranch	 on	 the
western	 edge	 of	 Hidalgo	 County.	 He	 wanted	 to	 check	 in	 on	 an
experiment	 he	 was	 running	 that	 measured	 the	 effectiveness	 of
cover	 crops	 at	 keeping	 moisture	 in	 the	 ground.	 The	 temperature
had	dropped	forty	degrees	overnight	and	there	was	a	slight	drizzle,
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which,	 given	 the	 epic	 drought	 the	 region	 was	 facing,	 was	 a	 good
sign.	Racelis	talked	about	how	farmers	were	waiting	for	one	heavy
rain	 before	 putting	 crops	 like	 cotton	 and	 sorghum	 in	 the	 ground.
“Growers	have	been	informed	that	there	is	enough	water	for	them
to	 have	 one	 good	 watering	 this	 year,”	 Racelis	 explained.	 “Usually
they	get	two	or	three.	So	if	they	can,	they	want	to	wait	to	plant	until
we	get	a	good	rain,	so	they	can	save	their	irrigation	water	for	later
in	the	spring	when	they	really	need	it.”

As	 we	 drove	 across	 the	 misty	 fields,	 I	 asked	 him	 about	 his
discussions	on	climate	change	with	growers	 in	the	valley.	He	told
me	it	is	not	something	they	are	eager	to	talk	about—“it	usually	only
happens	after	several	shots	of	tequila,”	he	told	me.

“That	 said,	 growers	 here	 are	 very	 resourceful,”	 Racelis
explained.	He	talked	about	how	farmers	practice	what	amounts	to
a	 just-in-time	 adaptation	 strategy,	 shifting	 to	 different	 crops	 and
planting	times	as	conditions	change.	But	at	a	certain	point,	I	asked,
when	 the	 heat	 rises	 and	 the	 water	 runs	 out,	 what	 will	 happen	 to
agriculture	in	the	valley?	“Things	like	okra	will	always	grow	by	the
river,	as	long	as	the	river	is	flowing,”	he	responded.	“But	how	much
okra	does	the	world	need?”

After	about	an	hour,	we	turned	down	a	narrow	farm	road.	In	the
distance,	 I	 saw	 three	 or	 four	 people	 out	 in	 the	 field,	 a	 few	 trucks
pulled	over	on	the	side.	We	parked	beside	them,	then	walked	into
the	 field.	 Racelis	 introduced	 me	 to	 a	 few	 of	 his	 students,	 then	 to
some	farmers	he	was	working	with.	One	of	them	was	Avan	Guerra,
a	 weathered-looking	 man	 who	 wore	 his	 jeans	 tucked	 into	 his
boots.	He	is	a	former	parole	officer	who	got	into	farming	and	now
has	 three	 hundred	 acres.	 Guerra	 owns	 his	 own	 tractor	 and	 other
equipment.	 He	 grew	 up	 here,	 and	 remembers	 the	 heat	 when	 he
was	a	kid,	but	it	didn’t	seem	that	bad	back	then.	“Nobody	used	to
need	 air-conditioning	 to	 live	 around	 here,”	 he	 said.	 The	 erratic
weather	is	not	just	making	it	tougher	for	his	crops.	It’s	also	making
it	tougher	for	him	to	decide	every	year	what	to	put	in	the	ground.	“I
hope	 to	 get	 another	 decade	 out	 of	 this,	 and	 then	 I’m	 heading	 to
Vegas,”	Guerra	told	me,	smiling.



Scientists	 have	 tools	 now	 that	 allow	 them	 to	 cut	 and	 paste	 DNA
almost	 as	 easily	 as	 I	 can	 cut	 and	 paste	 the	 words	 on	 this	 page.
CRISPR,	 as	 the	 technology	 is	 called	 (Clustered	 Regularly
Interspaced	 Short	 Palindromic	 Repeat),	 is	 revolutionizing
agriculture	 and	 helping	 create	 crops	 for	 the	 future.	 Sounds
promising,	 right?	 Just	 insert	 a	 cactus	 gene	 into	 the	 corn	 genome
and	voilà!	you	have	supercorn,	capable	of	withstanding	the	heat	of
a	thousand	suns.

But	it	doesn’t	work	that	way.	Heat	is	not	a	trait,	 like	blue	eyes.
“Understanding	how	plants	react	to	heat	on	a	genetic	 level	 is	 like
trying	to	understand	cancer,”	Meng	Chen,	a	researcher	at	UC	Irvine
who	is	working	on	heat	tolerance	in	plants,	told	me.	“You	mess	with
one	thing,	you	mess	with	everything.”

A	 good	 example:	 how	 corn	 reacts	 to	 light.	 “One	 of	 the	 things
that	 took	 a	 long	 time	 for	 corn	 to	 adapt	 to	 as	 it	 moved	 north	 from
Mexico	was	a	change	in	sunlight,”	Jeffrey	Ross-Ibarra	explained	to
me.	 “The	 plant	 is	 used	 to	 twelve-hour	 days,	 twelve-hour	 nights.	 If
you	 try	 and	 grow	 it	 in	 California’s	 Central	 Valley,	 the	 plants	 freak
out	 because	 the	 day	 length	 is	 inappropriate.	 And	 instead	 of
starting	 to	 flower	 when	 they	 should,	 they	 just	 keep	 growing	 and
you	can	end	up	with	a	corn	plant	that’s	twenty-five	feet	tall.”

Other	 researchers	 are	 skeptical	 about	 CRISPR-manipulated
plants	for	a	different	reason:	even	if	they	can	work	and	solve	heat-
related	 problems,	 the	 seeds	 of	 the	 modified	 crops	 will	 be	 locked
up	 by	 big	 seed	 companies,	 furthering	 the	 corporate	 control	 of
farmers	and	our	food	supply.	It	is	not	going	to	help	people	in,	say,
Madagascar,	where	they	are	starving,	or	in	Colorado,	where	people
just	want	to	grow	some	food	in	a	community	garden.

Other	 researchers	 are	 exploring	 the	 genetic	 diversity	 acquired
in	 millions	 of	 years	 of	 evolution.	 Because	 corn	 evolved	 in	 a	 hot
place,	 researchers	 suspect	 that	 there	 is	 surely	 a	 sequence	 of
genes	that	make	some	varieties	of	corn	more	resilient	to	heat	than
others—but	how	do	you	find	them?	“We	can	find	genes	for	simple
traits,	but	for	anything	complicated	like	yield	or	heat	tolerance,	it’s
just	not	going	to	happen,”	Seth	Murray,	a	plant	geneticist	at	Texas
A&M	 University,	 told	 me.	 “There’s	 so	 many	 different	 genes	 in	 the
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genome,	 and	 they’re	 all	 interacting.	 I	 calculated	 that	 we	 would
have	to	grow	more	corn	plants	than	there	are	stars	 in	the	sky	and
measure	 all	 of	 them	 to	 figure	 out	 the	 function	 of	 all	 the	 genes	 in
the	genome.”	Instead,	Murray	searches	for	traits	like	heat	tolerance
by	planting	thousands	of	varieties	and	using	drones	to	see	which
varieties	grow	best.	It’s	a	way	of	exploring	the	genetic	diversity	that
is	buried	in	various	strains	of	corn	and	other	crops	without	having
to	map	the	DNA	itself.

Other	researchers	are	looking	for	ways	to	replace	corn	with	an
entirely	different	crop,	such	as	Kernza.	Unlike	corn,	which	has	to	be
replanted	every	year,	Kernza	grain	 is	harvested	from	a	wheatgrass
perennial	 that	 continues	 to	 grow	 for	 a	 decade	 or	 two	 after	 it	 is
planted.	Right	now,	Kernza	is	often	used	as	a	substitute	for	wheat
in	bread	and	beer	production,	besides	being	used	as	a	whole	grain
like	barley	or	rice.	Kernza,	as	well	as	other	perennials	like	legumes
and	oilseeds,	are	more	drought-	and	heat-resilient	because	of	their
root	structures.	Unlike	the	shallow	roots	of	corn	and	wheat,	Kernza
has	 a	 large	 root	 system	 that	 can	 reach	 ten	 feet	 into	 the	 ground,
helping	 it	 suck	 up	 water	 even	 in	 harsh	 conditions.	 And	 Kernza	 is
hardly	 unique.	 “There	 are	 so	 many	 other	 potential	 new	 crop
species	out	there	that	could	be	far	more	drought-intensive	or	heat-
tolerant	 than	 even	 any	 of	 the	 ones	 we’re	 working	 on	 right	 now,”
says	 Tim	 Crews,	 chief	 scientist	 at	 the	 Land	 Institute,	 a	 nonprofit
agricultural	 research	 group	 in	 Salina,	 Kansas,	 where	 Kernza	 was
bred	(and	trademarked)	from	wild	wheatgrass.

Another	 way	 to	 grow	 food	 on	 a	 hot	 planet	 is	 to	 simply	 move
indoors.	Several	years	ago,	I	met	a	guy	named	Jonathan	Webb	at	a
tech	 conference	 in	 Idaho.	 He	 had	 a	 dream	 about	 building	 a	 giant
indoor	greenhouse	in	Kentucky	to	both	create	jobs	and	grow	food
far	 more	 efficiently,	 and	 with	 a	 far	 smaller	 carbon	 footprint,	 than
the	old-fashioned	way	of	sticking	it	in	the	ground,	hiring	laborers	to
harvest	 it,	 then	 loading	 it	 into	 eighteen-wheelers	 and	 trucking	 it
across	 the	 country	 to	 a	 supermarket	 near	 you.	 I	 thought	 it	 was	 a
noble	but	crazy	dream,	given	that	Webb’s	background	was	in	solar,
not	 agriculture.	 He	 knew	 as	 much	 about	 growing	 tomatoes	 on	 a
commercial	scale	as	I	did.



Flash	 forward	 five	 years:	 Webb	 and	 I	 are	 walking	 through	 a
sixty-acre	 greenhouse	 near	 Morehead,	 Kentucky.	 His	 dream	 had
become	real:	AppHarvest,	the	company	he	started	shortly	after	we
talked,	had	gone	public	and	had	a	market	cap	of	$500	million.	“The
old	 way	 is	 broken,”	 Webb	 told	 me.	 “This	 is	 the	 future	 of	 food.”
Inside,	it	felt	like	a	jungle,	but	a	well-organized	one.	Thousands	of
tomato	 plants	 grew	 on	 scaffoldings,	 their	 roots	 in	 pods	 of	 water.
Each	 one	 is	 watched	 by	 computers	 that	 precisely	 monitor	 the
needs	 of	 each	 individual	 plant.	The	 greenhouse	 uses	 100	 percent
recycled	 rainwater.	 No	 chemicals,	 no	 pesticides,	 no	 agricultural
runoff.	 LED	 lights	 overhead	 provide	 the	 sunlight	 on	 cloudy	 days.
Temperature	 is	 precisely	 controlled.	 And	 this	 whole	 system	 is
cloneable	 and	 will	 only	 become	 more	 efficient	 over	 time.	 When	 I
visited,	 Webb	 was	 overseeing	 the	 construction	 of	 two	 other
greenhouses	 in	 Kentucky,	 one	 to	 grow	 berries,	 another	 for	 leafy
greens.	Promising	as	all	this	may	be,	you	have	to	be	a	pretty	hard-
core	 technofuturist	 to	 imagine	 growing	 enough	 corn	 and	 wheat
under	glass	to	feed	millions	of	hungry	people.

Then	 there’s	 protein.	 Besides	 being	 major	 sources	 of
greenhouse	gases	themselves,	cows	and	chickens	and	pigs	are	all
extremely	 vulnerable	 to	 heat.	 During	 the	 summer	 of	 2022,
thousands	 of	 cows	 died	 from	 heat	 stress	 in	 Kansas	 feedlots	 and
had	 to	 be	 buried	 in	 landfills	 and	 hastily	 dug	 pits.	 In	 Texas,
increasing	 heat	 is	 encouraging	 the	 return	 of	 Texas	 cattle	 fever,	 a
deadly	 tick-borne	 disease	 that	 can	 wipe	 out	 herds	 and	 that
ranchers	 spent	 decades	 trying	 to	 eradicate.	As	 temperatures	 rise,
keeping	 animals	 cool	 will	 become	 more	 difficult	 and	 expensive.
Air-conditioned	 cows,	 anyone?	 The	 transportation	 of	 animals	 in
hot	 weather	 is	 also	 deadly	 and	 dangerous.	 In	 2019,	 twenty-four
hundred	 sheep	 were	 boiled	 alive	 when	 an	 ocean	 transport	 ship
was	 delayed	 near	 Kuwait	 in	 100-degree	 heat.	 Other	 protein
alternatives	 are	 emerging	 fast:	 cell-based	 meats	 grown	 in	 labs;
plant-based	 proteins	 that	 are	 engineered	 to	 mimic	 meat,	 like
Impossible	 Burgers;	 fungi-based	 proteins	 created	 by	 microbes
discovered	in	the	acidic	hot	springs	at	Yellowstone	National	Park;
cricket	 farms	 capable	 of	 producing	 fourteen	 thousand	 tons	 of
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crickets	a	year,	which	can	be	ground	up	and	made	into	a	protein-
rich	flour,	or	seasoned	and	fried	like	shrimp	(I’ve	eaten	chapulines
several	 times	 in	 Mexico,	 where	 they	 have	 been	 a	 traditional	 food
for	 centuries—they’re	 delicious).	 Replacing	 feedlots	 with	 cricket
farms	 and	 lab-grown	 proteins	 has	 lots	 of	 co-benefits	 too.	 They
would	 not	 only	 reduce	 the	 animal	 suffering	 associated	 with
slaughterhouses,	they	would	also	free	up	vast	amounts	of	land	for
wildlife	and	forests.

But	we	are	not	going	to	feed	a	hot	planet	with	ten	billion	people
with	 cricket	 farms	 and	 lab-fermented	 protein.	 At	 least	 not	 for	 a
while.	We	need	to	maintain	a	crop-friendly	planet.	But	as	the	heat
rises,	 the	 dangers	 of	 breaking	 our	 global	 food	 system	 rise	 too.
“People	will	shift	crops	around,	try	new	varieties,”	Racelis	told	me
as	we	drove	around	the	valley	one	day.	“But	in	the	end,	there	is	no
getting	 around	 the	 laws	 of	 physics	 and	 biology.	 When	 it	 gets	 too
hot,	things	die.	That’s	just	how	it	works.”	



7.	THE	BLOB

THE	 BLOB	 WENT	 unnoticed	 at	 first.	 In	 the	 summer	 of	 2013,	 a	 high-
pressure	 ridge	 settled	 over	 a	 Texas-size	 area	 in	 the	 northern
Pacific,	 pushing	 the	 sky	 down	 over	 the	 ocean	 like	 an	 invisible
hand.	The	 winds	 died	 down,	 and	 the	 water	 became	 weirdly	 calm.
Without	 waves	 and	 wind	 to	 break	 up	 the	 surface	 and	 dissipate
heat,	 warmth	 from	 the	 sun	 accumulated	 in	 the	 water,	 eventually
raising	 the	 temperature	 by	 five	 degrees—a	 huge	 spike	 for	 the
ocean.

When	 scientists	 noticed	 this	 temperature	 anomaly	 in	 the
satellite	data,	they	had	never	seen	anything	like	it.	Everyone	knew
about	heat	waves	on	land,	but	in	the	ocean?	“As	the	Earth	heats	up,
the	ocean	 is	changing	 in	very	dramatic	ways,”	Jane	Lubchenco,	a
marine	 ecologist	 and	 former	 head	 of	 the	 National	 Oceanic	 and
Atmospheric	Administration,	told	me.	“It	is	less	predictable,	and	we
are	 seeing	 more	 surprises.	 The	 heat	 waves	 are	 one	 of	 those
surprises.”

Nick	 Bond,	 a	 climatologist	 at	 the	 University	 of	 Washington,
nicknamed	the	Pacific	heat	wave	the	Blob,	after	a	campy	1958	sci-
fi	 movie	 about	 a	 gelatinous	 monster	 that	 arrives	 on	 Earth	 in	 a
meteor	and	eats	up	a	small	town.	But	this	Blob	would	turn	out	to	be
far	more	deadly	than	anything	Hollywood	had	imagined.

The	hot	water	killed	the	phytoplankton—a	form	of	microscopic
algae—that	live	in	the	top	few	hundred	feet	of	the	ocean.	The	tiny
organisms	 that	 feast	 on	 them	 starved,	 including	 krill,	 the	 small
shrimplike	creatures	that	swarm	the	ocean	by	the	billions	and	are
the	 preferred	 food	 for	 whales,	 salmon,	 seabirds,	 and	 many	 other
creatures.	 The	 population	 of	 herring	 and	 sardines,	 an	 important
food	 source	 for	 many	 larger	 fish	 and	 marine	 mammals,	 also
declined.	 By	 killing	 phytoplankton,	 the	 Blob	 disrupted	 the	 entire
Pacific	food	chain.

Over	the	next	two	years,	it	drifted	down	the	coast	of	Alaska	to
California,	 eventually	 becoming	 responsible	 for	 thousands	 of
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whale	 and	 sea	 lion	 strandings	 on	 beaches	 along	 the	 coast;	 the
collapse	 of	 the	 Alaska	 cod	 fishery;	 the	 bankruptcy	 of	 fishermen
and	worker	layoffs	at	fish-processing	plants;	the	vanishing	of	great
kelp	forests	on	the	Pacific	coast;	and	the	starvation	and	death	of	a
million	seabirds—the	largest	single	mass	mortality	of	seabirds	ever
recorded.	 Dead	 murres	 littered	 beaches	 like	 washed-up	 plastic
bottles.

And	 its	 destruction	 was	 not	 limited	 to	 the	 ocean:	 the	 Blob
changed	the	weather	on	the	Pacific	coast,	pushing	heat	inland	and
altering	rainfall	patterns,	contributing	to	the	California	drought.	 “It
raised	temperatures	on	the	coast	all	the	way	from	British	Columbia
down	 to	 Southern	 California,”	 Daniel	 Swain,	 a	 climate	 scientist	 at
UCLA,	 explained	 when	 I	 called	 him	 to	 ask	 about	 the	 trajectory	 of
the	Blob.

One	 question,	 still	 unresolved,	 is	 how	 much	 the	 Blob
accelerated	 wildfires.	 The	 year	 2018	 marked	 the	 beginning	 of	 a
series	of	historic	blazes	that	burned	millions	of	acres,	including	the
Camp	 Fire	 in	 Northern	 California,	 which	 killed	 85	 people	 and
displaced	50,000	others.	Swain	said	the	Blob	increased	nighttime
temperatures	 in	the	western	third	of	the	state,	where	many	of	the
wildfires	 flared.	 “Firefighters	 will	 tell	 you	 that’s	 really	 important,
because	wildfires	often	die	down	at	night,	burning	more	slowly	and
behaving	less	erratically,	becoming	less	dangerous	to	approach	for
human	 crews.	 While	 the	 Blob	 was	 off	 the	 coast,	 that	 didn’t
happen.”

All	 in	 all,	 the	 Blob	 was	 a	 slow-rolling	 climate	 catastrophe.	 It’s
also	compelling	evidence	of	how	tightly	all	life	on	Earth	is	linked	to
the	 ocean.	 Because	 we	 live	 on	 land,	 we	 often	 think	 of	 heat	 as	 a
terrestrial	event.	But	as	temperatures	rise,	it’s	what	happens	in	the
ocean	that	may	have	the	biggest	impact	on	our	future.

When	 water	 gets	 hot,	 every	 six-year-old	 knows,	 it	 boils.	 But	 long
before	that,	 it	has	other	effects	too.	Heat	causes	water	to	expand
(the	 faster	 molecules	 vibrate,	 the	 more	 space	 they	 need).	 It	 also
changes	 how	 it	 moves:	 cold	 water	 sinks,	 warm	 water	 rises.	 If	 you
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think	 about	 the	 water	 in	 your	 bathtub,	 this	 might	 not	 seem	 like	 a
big	deal.	But	 if	you	think	about	 it	on	a	planetary	scale,	 it	 is	a	very
big	deal.

Water	arrived	on	Earth	from	the	cold	depths	of	space	with	icy
asteroids	and	comets,	which	bombarded	the	planet	during	the	first
few	 million	 years	 of	 its	 existence.	 It’s	 been	 a	 watery	 world	 ever
since.	Today,	97	percent	of	the	Earth’s	water	is	in	the	ocean,	which
covers	more	than	70	percent	of	the	planet.	The	ocean	was	the	petri
dish	for	the	evolution	of	life,	and	we	carry	that	early	history	within
us.	 The	 salt	 content	 of	 our	 blood	 plasma	 is	 similar	 to	 the	 salt
content	of	seawater.	“The	bones	we	use	to	hear	with	were	once	gill
bones	 of	 sharks,”	 explained	 Neil	 Shubin,	 professor	 of	 anatomy	 at
the	University	of	Chicago	and	author	of	Your	Inner	Fish:	A	Journey
into	the	3.5	Billion-Year	History	of	the	Human	Body.	“Our	hands	are
modified	 fish	 fins,	 and	 the	 genes	 that	 build	 our	 basic	 body
architecture	are	shared	with	worms	and	fish.”

Despite	our	intimate	connection	to	the	sea,	for	most	of	human
history	the	ocean	has	been	as	strange	to	us	as	a	distant	planet,	a
realm	of	monsters	and	mayhem.	Humans	stuck	close	to	the	shore,
mostly,	and	our	ignorance	about	the	ocean	was	profound.	It	still	is.
Scientists	have	only	a	vague	understanding	of	how	ocean	currents
are	driven,	or	how	ocean	temperatures	impact	cloud	formation,	or
what	creatures	thrive	in	the	depths.	Far	more	people	have	been	to
the	moon,	which	is	240,000	miles	above	us,	than	have	been	to	the
deepest	 part	 of	 the	 ocean,	 which	 is	 7	 miles	 below	 us.	 Eighty
percent	of	the	ocean	remains	unmapped,	unobserved,	unexplored.
Marine	 biologists	 still	 don’t	 know	 how	 sharks	 sleep	 or	 how	 an
octopus	learns	to	open	a	jar.

But	 scientists	 know	 enough	 to	 know	 that	 the	 ocean	 is
undergoing	profound	changes.	Largely	because	of	overfishing,	90
percent	of	the	large	fish	that	were	here	in	the	1950s	are	now	gone.
One	metric	ton	of	plastic	enters	the	ocean	every	four	seconds	(at
this	rate,	there	will	be	more	plastic	than	fish	in	the	ocean	by	2050).
But	the	biggest	problem	is	that	the	ocean	is	heating	up	fast.	Since
the	 1960s,	 the	 rate	 at	 which	 the	 top	 mile	 or	 so	 of	 the	 ocean	 is
heating	 up	 has	 doubled.	 In	 2022,	 the	 ocean	 hit	 its	 warmest
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temperature	on	record	for	the	fourth	year	in	a	row.	By	one	measure,
the	amount	of	heat	being	added	to	the	ocean	is	equivalent	to	every
person	 on	 the	 planet	 running	 a	 hundred	 microwave	 ovens	 all	 day
and	night.

Until	now,	the	ocean	has	been	the	hero	of	the	climate	crisis—
about	 90	 percent	 of	 the	 additional	 heat	 we’ve	 trapped	 from
burning	 fossil	 fuels	 has	 been	 absorbed	 by	 it.	 “Without	 the	 ocean,
the	 atmosphere	 would	 be	 a	 lot	 hotter	 than	 it	 already	 is,”	 Ken
Caldeira,	 a	 senior	 climate	 scientist	 with	 Breakthrough	 Energy	 in
California,	 told	 me.	 But	 the	 heat	 the	 ocean	 absorbed	 has	 not
magically	vanished—it’s	just	stored	in	the	depths	and	radiated	out
later.	 By	 absorbing	 and	 slowly	 releasing	 heat,	 the	 ocean	 reduces
the	 volatility	 of	 our	 climate,	 cushioning	 the	 highs	 and	 lows	 as
temperatures	 change	 from	 day	 to	 night,	 winter	 to	 summer.	 It	 also
means	 the	 heat	 will	 continue	 to	 seep	 out	 for	 centuries	 to	 come,
slowing	any	human	efforts	to	cool	the	planet.

“The	 ocean	 is	 the	 main	 driver	 of	 our	 climate	 system,”	 German
climatologist	 Hans-Otto	 Pörtner	 told	 me.	 One	 of	 the	 central
functions	of	the	ocean,	Pörtner	said,	is	to	redistribute	heat	from	the
tropics	 toward	 the	 poles	 via	 deep	 currents	 like	 the	 Gulf	 Stream
system,	 which	 begins	 in	 the	 Southern	 Ocean	 near	Antarctica	 and
flows	 across	 the	 equator,	 up	 to	 the	 Arctic,	 and	 back	 again.	 “Even
small	changes	in	that	system	can	have	large	impacts	on	things	like
the	 size	 and	 intensity	 of	 storms,	 rainfall	 patterns,	 sea-level	 rise,”
said	 Pörtner,	 “and	 of	 course	 the	 habitats	 of	 all	 the	 creatures	 that
live	 in	 the	 ocean.”	 A	 good	 example	 of	 how	 a	 warming	 ocean
impacts	 the	 weather	 was	 the	 intense	 sequence	 of	 storms	 that
battered	California	in	early	2023,	causing	widespread	flooding	and
mudslides	 throughout	 the	 state.	 The	 storms	 were	 driven	 by	 what
scientists	 call	 atmospheric	 rivers,	 which	 carry	 moisture	 from	 the
tropics	 northward.	 A	 hotter	 ocean—in	 particular,	 a	 hotter	 upper
ocean—only	intensifies	these	rivers	in	the	sky.	According	to	Kevin
Trenberth,	 a	 climate	 scientist	 at	 the	 National	 Center	 for
Atmospheric	 Research	 in	 Colorado,	 the	 California	 storms	 were	 “a
direct	consequence	of	the	upper	ocean	heat	content	anomaly.”

The	 ocean	 is	 also	 one	 of	 the	 main	 drivers	 of	 many	 regional
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economies.	 In	 Alaska,	 the	 seafood	 industry	 employs	 more	 than
62,000	 workers,	 earning	 $2	 billion	 in	 total	 annual	 income.	Across
the	 US,	 1.8	 million	 people	 work	 in	 commercial	 and	 recreational
fisheries,	contributing	about	$255	billion	to	the	US’s	annual	gross
domestic	 product.	 No	 one	 thinks	 this	 blue	 economy	 is	 going	 to
vanish	 tomorrow,	 but	 as	 fish	 and	 other	 species	 migrate	 to	 cool
waters	 or	 die	 off	 from	 temperature	 changes,	 there	 can	 be	 big
impacts	on	local	fisheries—just	ask	the	cod	fishermen	in	Alaska,	or
shrimpers	 in	 the	 Gulf	 of	 Maine,	 who	 have	 been	 wiped	 out	 by
rapidly	warming	waters	in	the	Atlantic.

Pörtner	is	one	of	the	lead	authors	of	a	2019	report	on	the	ocean
and	 cryosphere	 by	 the	 UN’s	 Intergovernmental	 Panel	 on	 Climate
Change	 (IPCC).	 It	 was	 the	 IPCC’s	 first	 report	 to	 focus	 specifically
on	the	world’s	oceans	and	ice—it	was	a	massive	project,	the	work
of	105	scientists	over	a	three-year	period.	There	is	a	lot	of	nuance
in	 the	 report,	 but	 the	 basic	 message	 is	 clear:	 In	 the	 coming
decades,	 the	 ocean	 will	 get	 hotter,	 more	 acidic,	 with	 less	 oxygen
and	less	biodiversity.	Seas	will	rise,	flooding	coastal	cities.	Ocean
circulation	 patterns	 will	 shift,	 driving	 big	 and	 unpredictable
changes	in	the	weather,	with	scary	implications	for	the	global	food
supply.	 The	 report’s	 summary	 was	 blunt:	 “Over	 the	 twenty-first
century,	 the	 ocean	 is	 projected	 to	 transition	 to	 unprecedented
conditions.”

Monterey	 Bay	 is	 a	 crescent	 on	 the	 Northern	 California	 coast,	 a
place	 haunted	 by	 the	 ghosts	 of	 John	 Steinbeck’s	 Cannery	 Row.
The	 old	 sardine	 canneries	 are	 now	 T-shirt	 shops	 and	 touristy
restaurants.	From	the	pier,	you	can	watch	sea	otters	playing	in	the
surf	 and,	 if	 you’re	 lucky,	 whales	 breaching	 just	 offshore.	 A	 deep
canyon	 delivers	 cold,	 nutrient-rich	 waters	 into	 the	 bay,	 creating
one	of	the	most	diverse	ecosystems	in	the	Pacific,	including	giant
kelp	 beds	 that	 grow	 along	 the	 coast	 all	 the	 way	 up	 to	 Alaska.	 In
good	 times,	 these	 kelp	 beds	 are	 teeming	 with	 life—otters,	 seals,
sharks,	rockfish,	lingcod.	“The	kelp	beds	are	the	rain	forests	of	the
Pacific,”	 Kyle	 Van	 Houtan,	 the	 former	 chief	 scientist	 at	 the
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Monterey	Bay	Aquarium,	told	me.1

But	 like	 everything	 in	 the	 ocean,	 the	 kelp	 beds	 are	 changing
fast.	 One	 Saturday	 morning,	 my	 seventeen-year-old	 daughter,
Grace,	 and	 I	 pulled	 on	 our	 scuba	 gear	 and	 jumped	 in	 the	 chilly
water	 near	 Monterey	 to	 have	 a	 look.	 I	 asked	 her	 to	 come	 along
because	I	wanted	her	to	see	as	many	of	the	wonders	of	the	world
as	she	could	while	they	were	still	around.	She	 is	also	a	great	and
fearless	 underwater	 companion.	 (“When	 we’re	 diving,	 I	 always
know	 when	 there’s	 a	 shark	 around,”	 I	 joke	 with	 friends.	 “Because
Grace	starts	swimming	fast—toward	the	shark.”)

This	dive	was	indeed	wondrous.	Instantly,	we	were	on	another
planet.	 The	 giant	 kelp	 plants	 swayed	 in	 the	 push	 and	 pull	 of	 the
tide.	 Sunlight	 filtered	 through	 the	 blades,	 giving	 everything	 a
greenish	 hue.	 Blue	 rockfish	 and	 blacksmiths	 schooled	 around	 us.
Grace	 pointed	 to	 an	 otter	 that	 darted	 over	 to	 see	 why	 we	 were
trespassing	 in	 its	 neighborhood,	 then	 quickly	 disappeared.	 “That
was	incredible,”	she	said	as	we	hauled	our	dive	tanks	up	onto	the
beach	afterwards.

My	 second	 dive	 in	 another	 part	 of	 the	 bay,	 which	 I	 did	 alone
with	a	dive	guide,	was	entirely	different.	I	was	greeted	with	nothing
but	 rock	 and	 water	 and	 hundreds	 of	 purple	 sea	 urchins,	 their
thorny	spikes	like	medieval	armor.	A	voracious	horde	had	invaded
the	once-magnificent	kelp	forest	and	devoured	everything	(“Purple
urchins	 are	 the	 cockroaches	 of	 the	 sea,”	 one	 scientist	 told	 me),
leaving	only	some	empty	abalone	shells,	a	rockfish	poking	around,
and	a	few	pathetic	kelp	stipes.	And	this	spot	 is	 just	one	fragment
of	a	bigger	picture.	As	a	result	of	the	Blob,	many	of	the	kelp	forests
along	the	coast	 from	California	to	Oregon	have	vanished,	done	 in
by	warming	and	the	army	of	purple	sea	urchins,	which	thrive	 in	a
hotter	world.

“If	 a	 two-hundred-mile-long	 stretch	 of	 forest	 in	 the	 California
mountains	 suddenly	 died,	 people	 would	 be	 shocked	 and
outraged,”	 Laura	 Rogers-Bennett,	 a	 marine	 scientist	 with	 the
California	Department	of	Fish	and	Wildlife,	told	me	when	I	visited
her	 at	 the	 Bodega	 Marine	 Lab	 a	 few	 days	 after	 our	 dive.	 “We’re
talking	 about	 the	 collapse	 of	 an	 entire	 ecosystem.	 But	 because	 it
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happened	in	the	ocean,	nobody	notices.”
Rogers-Bennett	 was	 one	 of	 the	 first	 scientists	 to	 understand

the	 impact	 of	 marine	 heat	 waves	 like	 the	 Blob.	 In	 2013,	 she	 was
diving	in	Northern	California	when	she	saw	a	sea	star	that	looked
like	 it	 was	 melting.	 “When	 I	 touched	 it,	 its	 skin	 came	 off	 in	 my
hand,”	she	recalled.	And	it	wasn’t	just	one	sea	star,	she	discovered.
This	was	the	beginning	of	a	mass	die-off	of	twenty	species	of	sea
stars	 in	 the	 Pacific	 from	 a	 condition	 known	 as	 sea	 star	 wasting
disease,	 which	 is	 linked	 to	 warming	 waters.	 With	 the	 loss	 of	 sea
stars,	 which	 are	 one	 of	 the	 main	 predators	 of	 purple	 sea	 urchins,
the	urchin	population	exploded	and	devoured	the	kelp	forests.	“It’s
very	scary,”	Rogers-Bennett	said.	“The	Blob	shows	you	how	fast	a
tipping	point	can	happen.”

In	 the	 past	 decade,	 scientists	 have	 detected	 marine	 heat
waves	around	the	world:	The	Mediterranean	was	hit	in	2012,	2015,
2017,	and	2022.	One	Spanish	oceanographer	called	the	heat	waves
in	 the	 Mediterranean,	 where	 water	 temperatures	 spiked	 as	 much
as	 eleven	 degrees	 above	 normal,	 “the	 equivalent	 of	 underwater
wildfires,	 with	 fauna	 and	 flora	 dying	 just	 as	 if	 they	 had	 been
burned.”	 In	 2018,	 a	 marine	 heat	 wave	 appeared	 off	 the	 coast	 of
New	Zealand	and	helped	spike	land	temperatures	to	record	highs.
Along	 the	 coast	 of	 Tasmania,	 giant	 kelp	 once	 stretched	 over	 9
million	 square	 meters.	 Today,	 thanks	 to	 warmer	 water	 and	 a
subsequent	 invasion	 of	 urchins,	 the	 kelp	 covers	 fewer	 than
500,000	meters.	In	2021,	a	blob	of	hot	water	bubbled	up	in	130,000
square	 miles	 of	 ocean	 off	 the	 Uruguayan	 coast,	 an	 area	 nearly
twice	 as	 big	 as	 Uruguay	 itself.	 It	 caused	 a	 die-off	 of	 clams	 and
mussels,	an	important	food	source	for	tens	of	thousands	of	people
who	live	on	the	coast.

These	marine	heat	waves	are	driving	a	massive	reorganization
of	underwater	life,	with	many	creatures	migrating	to	cooler	waters.
“Right	now,	you	can	go	diving	off	the	Monterey	pier	and	see	spiny
lobsters,”	said	Van	Houtan.	“They	are	a	subtropical	species	that	are
normally	 found	 down	 in	 Baja.	 It’s	 absurd	 to	 see	 them	 up	 here.”
(Less	 absurd,	 but	 considerably	 more	 dangerous,	 is	 the	 fact	 that
warmer	waters	are	also	encouraging	juvenile	great	white	sharks	to
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linger	 in	 the	 area.)	 At	 the	 Bodega	 Marine	 Lab,	 scientists
documented	thirty-seven	species	that	had	never	been	found	so	far
north	 before.	 Bull	 sharks	 have	 been	 hanging	 out	 off	 the	 coast	 of
North	Carolina,	five	hundred	miles	north	of	their	habitat	in	Florida.
Lobsters	 have	 all	 but	 vanished	 from	 Long	 Island	 Sound.	 Warm-
water	species	like	longfin	squid	and	black	sea	bass	are	turning	up
in	the	once-chilly	waters	of	the	Gulf	of	Maine.	These	migrations	are
radically	changing	underwater	ecosystems,	as	well	as	the	 lives	of
people	who	depend	on	healthy	fisheries.	Nations	in	the	tropics	will
likely	be	hit	hardest	by	fish	migration.	By	2100,	some	countries	 in
northwest	Africa	could	lose	half	their	stocks	as	fish	move	to	colder
water.	 “If	 you	 know	 you	 are	 losing	 a	 stock,	 then	 the	 short-term
incentive	 is	 to	 overfish	 it,”	 said	 James	 Salzman,	 a	 professor	 of
environmental	 law	 at	 UC	 Santa	 Barbara.	 “What	 have	 you	 got	 to
lose?	The	stock’s	going	to	move	anyway.”

Marine	heat	waves	are	also	inflicting	massive	damage	on	coral
reefs	(where	they	are	often	called	bleaching	events).	Reefs	are	the
most	biodiverse	ecosystems	on	the	planet—they	occupy	less	than
1	percent	of	the	ocean	floor,	but	are	home	to	more	than	25	percent
of	marine	life.	Reefs	are	created	by	millions	of	coral	colonies	that
build	 calcium	 carbonate	 skeletons.	 For	 the	 past	 hundred	 million
years	 or	 so,	 corals	 have	 thrived	 in	 a	 happy	 marriage	 with
microscopic	 plants	 called	 zooxanthellae	 that	 live	 embedded	 in
their	 tissues.	 Zooxanthellae	 produce	 85	 to	 95	 percent	 of	 corals’
food	 through	 photosynthesis.	 In	 return,	 corals	 give	 the	 plants
protection,	 nutrients,	 and	 CO2,	 one	 of	 the	 ingredients	 for
photosynthetic	 food	 production.	 This	 marriage,	 however,	 is
exquisitely	sensitive	to	changes	in	ocean	temperature.	One	or	two
degrees	 of	 warming,	 and	 the	 zooxanthellae	 become	 toxic	 to	 the
corals.	 The	 corals	 spit	 them	 out	 and	 eventually	 starve	 to	 death,
leaving	only	their	bleached	skeletons	behind.

Australia’s	 Great	 Barrier	 Reef,	 a	 UNESCO	 World	 Heritage	 site
and	one	of	the	crown	jewels	of	the	natural	world,	has	been	hit	hard
by	 warming.	 The	 reef	 stretches	 about	 fourteen	 thousand	 miles
along	the	east	coast	of	Australia—it’s	the	largest	structure	built	by
living	 organisms	 on	 the	 planet,	 so	 big	 it’s	 visible	 from	 space.	The
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Great	 Barrier	 Reef	 also	 supports	 a	 vibrant	 tourism	 industry,	 worth
$4	billion	each	year,	that	employs	65,000	people.

I	 have	 visited	 the	 Great	 Barrier	 Reef	 twice,	 once	 in	 2011	 and
again	 in	 2018,	 and	 have	 seen	 the	 decline	 in	 real-time.	 On	 my
second	 trip,	 several	 coral	 gardens	 and	 bommies	 I	 had	 visited	 on
my	first	trip	and	remembered	as	underwater	carnivals	of	color	and
life	were	now	ghostly,	haunted	by	lonely	parrot	fish	and	rays.	Since
1998,	 the	 reef	 has	 suffered	 six	 bleaching	 events,	 including
devastating	 back-to-back	 heat	 waves	 in	 2016	 and	 2017.	 Further
bleaching	in	2020	and	2022	has	scientists	worried	it	will	be	a	near-
annual	 event.	 According	 to	 Terry	 Hughes,	 a	 marine	 scientist	 at
James	Cook	University	in	Queensland,	Australia,	93	percent	of	the
corals	in	the	Great	Barrier	Reef	have	been	impacted	by	some	level
of	bleaching.	 “We’ve	now	added	enough	greenhouse	gases	to	the
atmosphere	 that	 mass	 bleaching	 of	 the	 reef	 is	 at	 risk	 every
summer,”	 Hughes	 said.	 “It’s	 like	 Russian	 roulette.”	 In	 2015,	 the
Australian	 government	 announced	 an	 initiative	 called	 the	 Reef
2050	Plan	to	improve	the	quality	of	the	reef	by	reducing	pesticide
and	nitrogen	runoff	from	nearby	agricultural	regions.	However,	the
plan	has	been	widely	criticized	for	ignoring	Australia’s	contribution
to	 climate	 change.	As	 Hughes	 wrote	 in	 a	 2021	 editorial:	 “Australia
has	 not	 acknowledged	 the	 obvious	 link	 between	 its
responsibilities	 for	 managing	 the	 Great	 Barrier	 Reef	 for	 future
generations,	and	the	damage	caused	by	 its	ongoing	promotion	of
fossil	 fuels.”	 Indeed,	 on	 my	 visits	 to	 the	 Great	 Barrier	 Reef,	 I’ve
disembarked	 from	 the	 mainland	 at	 a	 dock	 only	 a	 stone’s	 throw
from	 a	 massive	 coal	 transport	 terminal,	 where	 coal-filled	 barges
carry	 Australian	 coal	 to	 Indonesia	 and	 China.	 Watching	 a	 coal
barge	float	over	the	Great	Barrier	Reef	is	a	surreal	sight	for	anyone
who	cares	about	the	future	of	the	reef—or	life	on	our	planet.

Scientists	are	exploring	various	ways	to	make	individual	corals
more	heat-tolerant,	 including	creating	superstrains	that	are	better
adapted	to	a	warmer	world.	One	experiment	led	by	microbiologist
Raquel	 Peixoto	 from	 Saudi	 Arabia’s	 King	 Abdullah	 University
showed	 that	 lathering	 corals	 in	 probiotics	 could	 improve	 coral
survival	after	a	heat	wave	by	40	percent.	Peixoto	is	experimenting
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with	 robotic	 submarines	 that	 could	 drop	 slow-release	 probiotic
pills	onto	reefs	to	release	bacteria	slowly	over	weeks.

Some	reefs	are	proving	to	be	more	resilient	to	heat	than	others.
The	so-called	Coral	Triangle	of	the	East	Asian	Seas	is	an	example.
This	region	holds	almost	a	third	of	the	world’s	coral	reefs—and	it	is
arguably	 healthier	 today	 than	 in	 the	 early	 1980s,	 despite	 rising
water	 temperatures.	 That’s	 thought	 to	 be	 thanks	 to	 genetic
diversity	among	the	region’s	six	hundred	species	of	coral,	which	is
allowing	 corals	 to	 adapt	 to	 warm	 waters.	 In	 the	 Red	 Sea,	 corals
have	evolved	in	warm,	super	salty	waters,	giving	researchers	hope
that	 at	 least	 some	 varieties	 of	 Red	 Sea	 coral	 might	 thrive	 in	 a
hotter	world.

Still,	 even	 the	 healthiest	 reefs	 can	 only	 adapt	 so	 fast.	 “By
midcentury,	 pretty	 much	 every	 reef	 in	 the	 world	 will	 be	 eroding
away,”	 Ken	 Caldeira	 told	 me.	 That’s	 astonishing.	 Coral	 reefs	 have
been	around	for	about	250	million	years,	evolving	into	some	of	the
most	 complex,	 diverse,	 and	 beautiful	 living	 structures	 on	 Earth.
And	yet,	 if	nothing	changes,	within	forty	or	fifty	years	they	will	be
crumbling	 ruins.	 “I	 think	 if	 we	 stopped	 emitting	 CO2	 tomorrow,
some	reefs	would	probably	survive,”	Caldeira	said.	“But	if	we	go	on
a	 few	 more	 decades,	 I	 think	 the	 reefs	 are	 gone.	 Over	 geological
time	scales,	they	will	come	back,	depending	how	long	it	takes	the
ocean	 chemistry	 to	 recover.	 But	 it’s	 likely	 to	 be	 at	 least	 ten
thousand	years	before	anyone	sees	a	reef	again.”

Footnote
1	Unlike	what	grows	in	rain	forests,	however,	the	giant	kelp	in	Monterey	Bay	are	not	plants.	They	are

a	type	of	brown	algae,	one	of	the	oldest	and	simplest	forms	of	life	on	Earth.	
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8.	THE	SWEAT	ECONOMY

ON	 THE	 FIRST	 day	 of	 the	 Pacific	 Northwest	 heat	 wave,	 Sebastian
Perez	worked	alone	in	a	field	at	Ernst	Nursery	&	Farms	in	Oregon’s
Willamette	Valley,	about	thirty-five	miles	south	of	Portland.	He	had
just	turned	thirty-eight	years	old.	Perez	has	dark	eyes	and	a	strong,
sturdy	build.	He	wore	jeans,	work	boots,	a	long-sleeve	cotton	shirt,
and	 a	 beige	 SwissTech	 safari-style	 hat	 that	 you	 could	 pick	 up	 at
Walmart	 for	 $12.	 He	 had	 arrived	 in	 Oregon	 two	 months	 earlier,	 in
April	 2021,	 after	 a	 treacherous	 journey	 from	 his	 home	 in
Guatemala,	through	Mexico,	and	across	the	US	border.	“He	wanted
to	 earn	 money	 to	 build	 us	 a	 little	 house	 in	 Guatemala,”	 his	 wife,
Maria,	told	me.	“That	was	our	dream.”

On	 Saturday,	 June	 26,	 Perez	 had	 started	 work	 at	 6	 a.m.,	 with
only	 a	 brief	 break	 at	 lunch,	 dragging	 thirty-pound	 irrigation	 pipes
between	rows	of	young	trees	so	they	would	have	enough	water	to
ride	 out	 the	 heat	 wave	 everyone	 knew	 was	 coming.	 By	 noon,	 the
sun	was	a	shimmering	ball	of	fire.	Perez	knew	it	was	going	to	be	a
hot	 day,	 but	 he	 had	 no	 idea	 what	 that	 really	 meant.	 This	 was
Oregon,	after	all,	not	Death	Valley.

The	 day	 kept	 getting	 hotter:	 102	 degrees,	 103	 degrees,	 104
degrees.	 By	 early	 afternoon,	 Perez’s	 heart	 pounded.	Veins	 swelled
in	his	arms	and	hands.	He	felt	 light-headed,	a	 little	woozy.	Maybe
he	 took	 a	 few	 swigs	 from	 his	 plastic	 jug	 half	 full	 of	 water—after
sitting	in	the	sun	for	hours,	the	water	would	have	been	almost	hot
enough	 to	 scald	 him.	 Maybe	 he	 looked	 across	 the	 field	 at	 the
shady	 stand	 of	 Douglas	 fir	 in	 the	 distance	 and	 wondered	 if	 he
could	 dare	 take	 a	 break.	 All	 around	 him	 were	 rows	 of	 young
evergreen	 arborvitaes	 and	 boxwoods,	 two	 decorative	 trees	 grown
by	 the	 nursery	 that	 are	 popular	 with	 Home	 Depot	 shoppers.	They
are	 plants	 of	 suburban	 sprawl,	 useful	 as	 green	 barriers	 around
parking	 lots	 and	 for	 filling	 in	 dead	 zones	 around	 the	 drive-up
window	 at	 Starbucks,	 but	 too	 small	 to	 offer	 protection	 from	 the
sun.	 In	 the	 east,	 Mount	 Hood	 loomed	 on	 the	 horizon,	 an	 active
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sun.	 In	 the	 east,	 Mount	 Hood	 loomed	 on	 the	 horizon,	 an	 active

volcano	 not	 unlike	 the	 volcanoes	 where	 Perez	 grew	 up	 and	 was
eager	to	return	to.	He	messaged	or	spoke	to	Maria,	who	was	still	in
Guatemala,	several	times	a	day	and	missed	her	more	and	more	the
longer	they	were	separated.

At	 some	 point,	 with	 his	 heart	 pushing	 hot	 blood	 through	 his
body	 and	 his	 hat	 soaked	 with	 sweat,	 Perez	 must	 have	 known	 he
was	 in	 trouble.	 But	 he	 kept	 working.	 It	 was	 what	 he	 had	 come	 to
America	to	do,	and	he	never	expected	it	would	be	easy.

At	 about	 3	 p.m.,	 as	 the	 temperature	 hit	 106	 degrees	 and	 kept
climbing,	 the	 guys	 working	 in	 other	 parts	 of	 the	 nursery	 knocked
off	 for	 the	 day.	 They	 met	 under	 a	 tree	 and	 assumed	 Perez	 would
join	them	soon.	They	drank	water,	they	sweated,	they	waited.	They
called	 Perez’s	 cell	 phone,	 but	 no	 answer,	 which	 was	 strange,
because	he	always	kept	his	phone	handy.	Finally,	they	decided	to
go	look	for	him.

It	 took	 them	 a	 while	 to	 find	 him.	 He	 was	 lying	 in	 the	 field,
among	 the	 variegated	 boxwood,	 barely	 breathing.	 They	 gave	 him
water,	but	it	didn’t	help.	They	dragged	him	over	to	the	thin	shade	of
a	Douglas	fir	at	the	edge	of	the	field.	He	was	unconscious	by	then.

At	3:37	p.m.,	one	of	the	workers	dialed	911.	The	call	came	into
St.	Paul’s	fire	department,	roughly	five	miles	away.	The	worker	had
a	 hard	 time	 communicating	 exactly	 where	 they	 were—he	 didn’t
speak	English	well	and	was	unfamiliar	with	the	names	of	the	roads
nearby—so	it	took	the	ambulance	longer	than	it	should	have	to	get
to	the	location.	By	then,	Perez	had	stopped	breathing.

My	grandfather	and	my	father	were	both	landscape	contractors	in
the	 San	 Francisco	 Bay	 Area.	 They	 built	 parks	 and	 landscaped
highways,	 schools,	 and	 commercial	 buildings.	 I	 worked	 for	 them
during	summers	when	I	was	a	teenager.	All	the	work	was	outside.	I
drove	 dump	 trucks,	 planted	 trees,	 poured	 concrete	 with	 other
workers,	many	of	whom	were	immigrants	from	Mexico	or	Asia.	We
sweated	 a	 lot.	 But	 no	 one	 died.	 In	 fact,	 the	 idea	 that	 outdoor
temperatures	 could	 be	 deadly	 never	 entered	 my	 mind	 (nor,	 I’m
guessing,	 did	 it	 enter	 the	 minds	 of	 the	 people	 I	 worked	 with).	 I



guessing,	 did	 it	 enter	 the	 minds	 of	 the	 people	 I	 worked	 with).	 I

loved	 working	 outside.	 Fresh	 air,	 sunshine,	 the	 dusty	 shade	 of
California	live	oaks.

But	 it’s	 different	 now.	 For	 one	 thing,	 it’s	 hotter	 outside	 than	 it
used	to	be.	For	another,	our	economy	has	changed.	More	and	more
people	 work	 indoors,	 where	 the	 air	 is	 filtered	 and	 the	 sunlight	 is
tamed.	But	not	everyone.	Somebody	still	has	to	build	houses,	grow
food,	 fix	 roads,	 deliver	 your	 packages.	 In	 the	 US,	 fifteen	 million
people	 have	 jobs	 in	 which	 they	 spend	 at	 least	 part	 of	 the	 time
outdoors.	For	them,	as	well	as	for	warehouse	and	factory	workers
who	labor	in	poorly	designed	buildings,	heat	is	a	workplace	hazard
they	confront	on	a	daily	basis.	And	 it	 takes	a	toll.	During	the	2021
Pacific	 Northwest	 heat	 wave,	 Kenton	 Scott	 Krupp,	 fifty-one,	 was
found	 dead	 at	 an	 Oregon	 Walmart	 warehouse.	 Temperatures	 had
reached	 97	 degrees	 the	 day	 he	 died,	 and	 his	 coworkers	 saw	 him
stumbling	 and	 struggling	 to	 speak.	 In	 Hillsboro,	 Oregon,	 a	 roofer
died	after	collapsing	from	heat	stress	on	the	job.

Postal	 workers	 and	 delivery	 drivers	 are	 particularly	 at	 risk,	 in
part	 because	 their	 delivery	 vehicles	 often	 aren’t	 air-conditioned
and	heat	up	like	convection	ovens.	In	2021,	Jose	Cruz	Rodriguez	Jr.,
a	 twenty-three-year-old	 UPS	 driver,	 was	 found	 dead	 in	 the
company’s	 parking	 lot	 in	Waco,	Texas,	 just	 days	 after	 starting	 the
job.	 In	 2022,	 twenty-four-year-old	 UPS	 driver	 Esteban	 David
Chavez	 Jr.	 died	 while	 delivering	 packages	 in	 California.	 Another
UPS	 driver	 was	 captured	 on	 video	 stumbling	 and	 collapsing
outside	a	home	in	Arizona.	“People	are	dropping	like	flies	out	here,”
one	 UPS	 driver	 told	 the	 New	 York	 Times.	 “It’s	 very	 brutal.”	 UPS
workers	 shared	 photographs	 on	 social	 media	 with	 thermometer
readings	of	150	degrees	in	the	backs	of	their	trucks.

If	 it’s	 brutal	 in	 Arizona,	 imagine	 what	 it’s	 like	 in	 Qatar,	 where
tens	 of	 thousands	 of	 migrant	 workers	 from	 Nepal,	 India,
Bangladesh	 and	 other	 countries	 labored	 to	 build	 new	 stadiums
and	hotels	ahead	of	the	2022	FIFA	World	Cup	competition,	which
was	 held	 in	 the	 gulf	 state.	With	 summer	 temperatures	 as	 high	 as
113	 degrees,	 workers	 were	 prohibited	 from	 working	 outdoors	 in
unshaded	areas	from	11:30	a.m.	to	3	p.m.	Still,	hundreds	of	workers
—or,	more	likely,	thousands—died	from	heat	exposure	(officials	in
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Qatar	 were	 in	 no	 hurry	 to	 launch	 an	 investigation	 into	 migrant
worker	deaths).

“Rich	 countries	 have	 brought	 much	 of	 their	 economy	 indoors
where	 air-conditioning	 is	 a	 possibility,	 but	 many	 developing
economies	 rely	 on	 labor-intensive	 outdoor	 work,”	 says	 climate
scientist	 Ken	 Caldeira.	 “The	 combination	 of	 poverty	 and	 extreme
temperatures	can	be	lethal.”

Heat	 is	 especially	 dangerous	 for	 farmworkers.	 A	 2015	 study
found	 that	 they	 are	 thirty-five	 times	 more	 likely	 to	 die	 in	 a	 heat-
related	 death	 than	 those	 in	 other	 occupations.	 A	 United	 Farm
Workers	 poll	 of	 2,176	 farmworkers	 in	 Washington,	 which	 is	 not	 a
state	 known	 for	 broiling	 summers,	 found	 that	 40	 percent	 had
experienced	 at	 least	 one	 symptom	 associated	 with	 a	 heat	 illness
while	 at	 work.	 A	 quarter	 said	 they	 did	 not	 have	 enough	 cool
drinking	water,	and	97	percent	said	they	thought	work	protections
for	heat	should	be	improved	in	the	state.

In	 addition	 to	 the	 immediate	 risks	 of	 heat	 exposure	 such	 as
heatstroke,	 there	 can	 be	 serious	 long-term	 health	 consequences.
In	 El	 Salvador	 and	 Costa	 Rica,	 an	 epidemic	 of	 chronic	 kidney
disease	 has	 hit	 farmworkers	 who	 work	 in	 hot	 sugarcane	 fields—
twenty	thousand	workers	have	died	since	2002	and	thousands	of
others	 have	 had	 to	 go	 on	 kidney	 dialysis	 to	 survive.	 The	 disease
has	 been	 rising	 among	 workers	 in	 hot	 climates	 around	 the	 world,
including	 Florida	 and	 California.	 An	 editorial	 in	 the	New	England
Journal	of	Medicine	predicts	that	chronic	kidney	disease	“is	likely
to	 be	 just	 one	 of	 many	 heat-sensitive	 illnesses	 that	 will	 be
unmasked	and	accelerated	by	climate	change.”

And	when	it’s	hot,	workers	make	more	mistakes	and	are	injured
more	 often.	 Researchers	 at	 the	 University	 of	 California,	 Los
Angeles,	 found	 that	 even	 a	 modest	 rise	 in	 temperature	 led	 to
twenty	 thousand	 additional	 injuries	 per	 year	 in	 the	 state,	 with	 a
social	cost	of	$1	billion.	When	it’s	hot,	workers	need	more	breaks,
their	 cognitive	 skills	 slow	 down,	 equipment	 fails.	 Another	 study
found	that	worker	productivity	losses	from	extreme	heat	in	the	US
totaled	 $100	 billion	 in	 2020	 and	 could	 grow	 to	 $500	 billion	 by
2050.	 Worldwide,	 the	 economic	 impacts	 will	 be	 felt	 most
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powerfully	in	the	Global	South.	In	Dhaka,	Bangladesh,	for	example,
which	has	a	labor-intensive	economy	and	where	few	workers	have
air-conditioning,	 heat	 and	 humidity	 already	 cause	 productivity
losses	of	about	$6	billion	each	year.	The	people	who	take	the	hit,
as	 always,	 are	 those	 who	 can	 least	 afford	 it:	 sidewalk	 vendors,
garment	 industry	 workers,	 and	 brickmakers	 who	 tend	 the
thousands	of	hot,	soot-belching	brick	kilns	in	the	city.

In	the	US,	there	are	no	federal	rules	related	to	heat	exposure	for
workers—indoors	 or	 out.	 Farmworkers,	 who	 are	 excluded	 from
national	 laws	 requiring	 overtime	 pay,	 as	 well	 as	 the	 right	 to
collective	 bargaining,	 are	 particularly	 vulnerable.	 For	 decades,
farmworker	 groups	 and	 labor	 activists	 have	 been	 lobbying	 the
Department	 of	 Labor’s	 Occupational	 Health	 and	 Safety
Administration	 (OSHA),	 which	 is	 responsible	 for	 workplace	 safety
and	worker	rights,	to	develop	rules	for	heat	exposure.	 In	2021,	the
Asunción	 Valdivia	 Heat	 Illness	 and	 Fatality	 Prevention	 Act	 was
introduced	in	the	US	House	of	Representatives.	The	main	purpose
of	the	legislation,	named	after	a	California	farmworker	who	died	of
heatstroke	in	2004	after	picking	grapes	for	ten	straight	hours	on	a
105-degree	day,	is	to	finally	require	OSHA	to	develop	heat	rules.	As
I	write	this	in	early	2023,	the	chances	that	the	legislation	will	make
it	to	the	House	floor	for	a	vote	anytime	soon	are	virtually	zero.

State	 regulations	 aren’t	 much	 better.	At	 the	 time	 of	 Sebastian
Perez’s	death	in	2021,	only	California	and	Washington	had	rules	in
place	for	outdoor	workers.	The	California	rule,	which	passed	after
several	 farmworkers	 died	 of	 heat	 exposure	 in	 the	 Central	 Valley,
requires	employers	to	provide	enough	fresh,	cool	water	nearby	so
that	workers	can	drink	one	quart	an	hour,	to	encourage	workers	to
take	five-minute	breaks	every	hour,	and,	most	important,	to	provide
shade	whenever	the	temperature	rises	above	80	degrees.

But	 in	 Oregon,	 farmworker	 advocates	 had	 been	 fighting	 for
heat	rules	for	nearly	a	decade,	and	had	succeeded	only	in	getting
a	 few	 weak	 directives	 issued	 from	 the	 Oregon	 OSHA.	 “Whenever
we	 tried	 to	 get	 growers	 to	 pay	 attention	 to	 the	 risks	 of	 heat	 in
workers,	they	always	talked	about	how	they	couldn’t	afford	it,”	one
Oregon	organizer	told	me.	“They	said	prices	are	set	by	retail	buyers,
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and	 changes	 in	 labor	 costs	 would	 make	 them	 uncompetitive—
which	is,	of	course,	complete	bullshit.”

Sebastian	Perez	grew	up	in	the	northern	Guatemalan	city	of	Ixcán,
on	a	small	farm	with	his	mother	and	father.	In	the	early	1980s,	while
a	 bloody	 civil	 war	 was	 raging	 in	 Guatemala,	 Perez’s	 parents	 took
refuge	 in	 Chiapas,	 Mexico,	 where	 Perez	 was	 born.	 But	 his	 family
returned	 to	 Ixcán	 when	 he	 was	 young	 and	 began	 farming	 on	 a
small	plot	of	land.	The	region	was	still	recovering	from	the	long	civil
war,	and	life	was	tough.	By	the	time	Perez	was	in	his	early	twenties,
he	was	making	trips	to	the	US	to	find	decent-paying	work	to	help
support	 his	 family	 and	 pay	 for	 medical	 costs	 for	 his	 father,	 who
was	 ill.	When	 he	 was	 twenty-nine,	 his	 cousin	 introduced	 him	 to	 a
gentle	woman	with	a	shy	smile	named	Maria.	They	fell	in	love	and
got	married	soon	after.

“I’d	 go	 with	 him	 into	 the	 fields	 sometimes,”	 Maria	 told	 me
during	 a	 phone	 call	 from	 Guatemala.	 “We’d	 hang	 out	 together
working,	so	he	could	finish	work	faster.	Afterwards,	when	I	needed
a	 bath,	 he	 would	 get	 water	 for	 the	 tub,	 often	 making	 two	 or	 three
trips	to	the	well	to	get	enough.	In	the	kitchen,	when	I	was	cooking,
he	 would	 help	 peel	 the	 corn.	 That	 is	 how	 we	 lived,	 and	 we	 were
very	happy	together.”

Still,	 Perez	 knew	 it	 would	 be	 extremely	 difficult	 for	 them	 to
build	 a	 future	 together	 working	 on	 farms	 in	 Ixcán.	 They	 shared	 a
house	 with	 family	 on	 a	 tiny	 plot	 of	 land	 with	 no	 running	 water.
Perez	wanted	his	own	house,	his	own	family.

Perez’s	 nephew	 Pedro	 Lucas	 had	 made	 the	 trip	 to	 the	 US	 a
decade	 earlier.	 It	 had	 been	 a	 hard	 crossing—sixteen	 days	 in	 the
Chihuahuan	 desert,	 where	 he	 fell	 and	 broke	 his	 knee	 and	 was
eating	plant	roots	to	survive—but	he	made	it.	Lucas	found	a	good
job	 at	 a	 nursery	 in	 Oregon,	 paying	 $14	 an	 hour.	 Lucas’s	 father,
brother,	and	cousin	all	followed	and	found	work	in	the	Willamette
Valley.	 It	was	not	an	easy	 life,	but	 it	was	better	than	the	$6	a	day
you	could	earn	on	a	farm	in	Guatemala.

Perez	didn’t	want	to	move	to	the	US,	but	he	wanted	to	earn	the
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money	 to	 build	 a	 house.	 He	 also	 wanted	 to	 have	 children,	 and
Maria	 needed	 surgery	 for	 a	 cyst	 on	 one	 of	 her	 ovaries	 if	 she	 was
going	 to	 have	 any	 chance	 of	 getting	 pregnant.	 So	 in	 April,	 Perez
decided	 to	 go.	The	 journey	 would	 be	 impossible	 without	 a	 guide,
known	as	a	coyote.	It	wasn’t	cheap:	$12,000,	cash	only.	Perez	had
no	 money,	 so	 Lucas’s	 father	 agreed	 to	 put	 the	 title	 for	 his	 own
house	in	escrow	to	secure	a	loan.	It	was	a	lot	of	money,	but	Perez
was	 confident	 he	 could	 work	 hard	 in	 the	 US	 and	 pay	 it	 off.	 Perez
crossed	the	Rio	Grande	at	night	just	west	of	Big	Bend	Ranch	State
Park	 in	 Texas,	 where	 the	 river	 is	 narrow	 enough	 to	 easily	 swim
across,	 then	 made	 a	 brutal	 trek	 across	 the	 hot	 desert.	 He	 was
picked	up	by	a	truck	outside	of	Marfa,	a	little	town	in	south	Texas
that	 has	 been	 colonized	 by	 artists	 and	 hipsters,	 and	 eventually
made	 his	 way	 up	 to	 Oregon,	 where	 the	 pay	 was	 good	 and	 the
weather	was	nice.

When	Perez	arrived	in	Oregon,	he	had	few	possessions	beyond
his	cell	phone,	a	toothbrush,	and	the	clothes	on	his	back.	Lucas	set
him	 up	 in	 the	 upstairs	 bedroom	 of	 his	 house	 in	 Gervais,	 a	 small
community	 in	 the	 heart	 of	 the	 Willamette	 Valley.	 The	 room	 was
bare	except	for	a	wood-frame	twin	bed	with	a	soiled	mattress	and
curtains	 made	 of	 red	 bedsheets.	 Within	 a	 few	 days,	 Perez	 was
working	alongside	Lucas	at	Ernst	Nursery.

Like	 every	 undocumented	 migrant	 worker,	 Perez	 lived	 in
constant	 fear	 of	 being	 deported.	 He	 had	 just	 wagered	 a	 $12,000
bet	that	he	could	come	to	the	US	and	make	something	of	himself.
It	was	an	enormous	gamble.	At	the	rate	he	was	being	paid,	it	would
take	five	months	of	work	in	the	fields	just	to	pay	off	the	debt.	And	if
he	 got	 caught	 in	 an	 immigration	 raid	 and	 deported,	 that	 $12,000
loan	was	still	due.

The	financial	facts	of	Perez’s	life	were	merciless:	He	worked	ten
hours	a	day,	at	a	rate	of	$14	per	hour	(low	as	it	is,	it’s	much	better
than	the	$8	per	hour	farmworkers	are	paid	in	Texas).	No	overtime,
no	 paid	 days	 off,	 and	 for	 damn	 sure	 no	 health	 care.	 After	 taxes,
Perez	took	home	between	$2,000	and	$2,400	a	month	(virtually	all
undocumented	 workers	 pay	 taxes,	 even	 though	 few	 ever	 claim
Social	Security	or	Medicare	benefits	later).	He	paid	$500	a	month
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rent	for	his	room	at	Lucas’s	house.	Whatever	was	left	over	he	sent
back	to	his	mother	or	to	Maria	in	Guatemala,	or	used	to	pay	off	the
coyote	 loan.	 According	 to	 Lucas,	 Perez	 had	 already	 paid	 about
$3,000	on	his	 loan,	which	still	 left	him	about	$9,000	in	debt.	“His
goal	was	to	pay	it	all	off	by	December,”	Lucas	says.

Beyond	work,	Perez’s	life	was	exceedingly	simple.	According	to
Maria,	 he	 was	 in	 good	 health	 and	 was	 taking	 no	 medications.	 He
played	 chess	 and	 checkers	 after	 work	 with	 Lucas	 in	 the	 living
room,	 where	 a	 Guatemalan	 flag	 was	 tacked	 to	 the	 wall	 beside	 a
small	 flea-market-style	 painting	 of	 Mount	 Hood.	 He	 talked	 about
the	 house	 he	 wanted	 to	 build.	 He	 talked	 about	 how	 much	 he
missed	 Maria.	 He	 talked	 about	 his	 mom,	 whom	 he	 adored	 and
called	every	day	(his	father	had	died	eight	years	earlier).

“Sebastian	 was	 a	 serious	 guy,”	 Lucas	 told	 me.	 “He	 didn’t	 joke
around	 much.	 He	 didn’t	 drink.	 He	 didn’t	 party.	 He	 went	 to	 church.
He	mostly	talked	about	his	future,	and	the	life	he	and	Maria	would
have	together	when	he	got	back	to	Guatemala.”

The	 night	 before	 he	 collapsed	 in	 the	 field,	 Perez	 had	 called
both	 his	 wife	 and	 mother	 in	 Guatemala.	 His	 mother	 was
concerned.	 “It’s	 going	 to	 be	 hot,”	 she	 told	 him.	 “You	 have	 to	 be
careful.”	 Maria	 also	 knew	 the	 heat	 was	 coming,	 but	 told	 me	 she
wasn’t	 worried.	 “When	 it’s	 hot,	 Sebastian	 knows	 to	 take	 a	 break,”
she	said.	“When	he	was	working	in	the	field	in	Guatemala	on	a	hot
day,	he	would	always	quit	work	and	come	home	and	cool	off.	Why
wouldn’t	he	do	that	in	America	too?”

As	 I	 write	 this	 chapter	 at	 home	 in	 Austin,	 a	 man	 named	 Jose	 is
working	 in	 the	 backyard.	 It’s	 a	 mild	 spring	 morning,	 and	 he’s
digging	 up	 a	 sage	 plant	 and	 moving	 it	 to	 a	 new	 spot	 with	 better
sun.	 Jose,	 who	 grew	 up	 in	 Guerrero,	 Mexico,	 is	 a	 little	 older	 than
Perez	 was	 when	 he	 died,	 and,	 like	 Perez,	 crossed	 the	 border	 in
search	 of	 a	 better	 future	 for	 himself	 and	 his	 family.	 Jose	 has	 a
round	face,	kind,	dark	eyes,	and	the	weathered	body	of	a	man	who
has	 worked	 outdoors	 all	 his	 life.	 He	 sometimes	 brings	 his	 twelve-
year-old	stepson,	whom	he	clearly	dotes	on,	to	work	with	him.	My
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wife,	 Simone,	 has	 known	 Jose	 for	 fifteen	 years.	 She	 met	 him
through	 a	 friend	 when	 she	 was	 looking	 for	 someone	 to	 help	 her
with	her	garden.	He’s	been	working	with	her	one	or	two	weekends	a
month	ever	since.

According	 to	 Jose,	 pruning	 plants	 beneath	 the	 shade	 of	 the
oak	 trees	 in	 our	 yard	 is	 a	 far	 cry	 from	 his	 real	 job,	 which	 is	 on	 a
highway	 crew.	 Here	 in	 Texas	 that	 means	 he	 is	 working	 on	 black
asphalt,	which	is	warm	even	on	cool	fall	days	and	a	frying	pan	on
hot	summer	days.	When	I	ask	Jose	about	it,	he	says	that	it	is	hard
but	 that	 he	 knows	 how	 to	 take	 care	 of	 himself.	 He	 takes	 water
breaks.	He	eats	lunch	in	the	shade	in	the	trucks.	The	hotter	it	gets,
the	 slower	 he	 works.	 And	 when	 the	 heat	 gets	 too	 extreme,	 they
stop	 for	 the	 day.	This	 is	 a	 man	 who	 is	 skilled	 in	 the	 ways	 of	 heat,
and	 that	 makes	 all	 the	 difference.	 It’s	 the	 new	 guys	 who	 get	 into
trouble,	 Jose	 says.	 The	 guys	 who	 ignore	 it,	 or	 who	 have	 never
experienced	it	before,	or	who	think	they	are	tougher	than	the	heat.

One	of	the	things	you	notice	living	in	Texas	is	that	most	of	the
hard,	hot	work—in	the	fields,	on	the	highways,	on	the	building	sites
—is	done	by	Mexicans.	Or	Central	Americans.	Part	of	this	has	to	do
with	the	proximity	to	the	border,	of	course.	There	are	a	lot	of	people
from	Mexico	and	Central	America	here	looking	for	work,	and	some
don’t	 have	 the	 papers	 or	 the	 qualifications	 for	 a	 job	 in	 an	 air-
conditioned	office.	Another	part	of	it	is	the	fact	that	they	are	willing
to	do	work	that	others	aren’t,	like	install	a	new	roof	on	a	sweltering
summer	 day.	 But	 it’s	 also	 hard	 not	 to	 see	 the	 legacy	 of	 racism	 in
this.	 It’s	 usually	 not	 overt.	 It’s	 more	 often	 expressed	 in	 some
version	 of	 this:	 Mexicans	 are	 from	 a	 hot	 place,	 so	 working	 in	 the
heat	doesn’t	bother	them	as	much.	They’re	used	to	it.

This	 is	 false	 on	 several	 levels.	 For	 one	 thing,	 Mexico	 is	 a	 big,
diverse	 country,	 with	 a	 vast	 range	 of	 ecosystems,	 from	 high
mountains	to	breezy	beaches.	All	Mexicans	are	no	more	“used	to”
hot	weather	than	all	Californians.

More	important,	the	idea	that	people	who	live	in	hot	places	are
fundamentally	 better	 suited	 to	 heat	 than	 people	 who	 live	 in	 cold
places	 is	 not	 true—at	 least,	 not	 in	 a	 simple	 and	 straightforward
way.	Some	people	have	more-active	sweat	glands	than	others,	but
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that	 is	 because	 of	 complex	 physiological	 processes	 and	 genetic
variation	that	have	nothing	to	do	with	where	you	live	or	your	race.
Neither	does	the	color	of	your	skin	make	much	difference.	“Infrared
radiation	 is	 primarily	 responsible	 for	 the	 heat	 build-up	 caused	 by
sunshine,	 and	 dark	 skin	 and	 light	 skin	 absorb	 infrared	 radiation
from	 the	 sun	 to	 nearly	 equal	 extents,”	 writes	 anthropologist	 Nina
Jablonski	 in	Skin:	 A	 Natural	 History.	 “By	 far	 the	 most	 significant
factors	in	increasing	a	person’s	heat	load	are	external	temperature,
humidity,	and	the	amount	of	heat	the	person	generates	as	a	result
of	exercise.”

In	 the	 eighteenth	 and	 nineteenth	 centuries,	 heat	 and	 racism
were	 deeply	 entwined.	The	 belief	 that	 some	 races	 (i.e.,	 nonwhite)
are	better	suited	to	heat	than	others	(i.e.,	whites)	was	widely	held,
especially	 in	 the	 antebellum	 South.	 It	 helped	 provide	 a	 moral
justification	 for	 slavery	 and	 allowed	 slaveowners	 to	 ignore	 the
horrific	 working	 conditions	 that	 slaves	 were	 subjected	 to	 in	 the
cotton	fields.

And	 they	 were	 horrific.	 In	 1875,	 one	 abolitionist	 recalled	 that
when	the	slaves	“scraped”	the	cotton,	they	were	“compelled	to	go
across	 a	 thirty,	 forty,	 or	 fifty	 acre	 field	 without	 straightening
themselves	 one	 minute,	 and	 with	 the	 burning	 sun	 striking	 their
head	and	back,	and	the	heat	reflected	upwards	from	the	soil	onto
their	 faces.”	 Making	 it	 to	 the	 end	 of	 the	 row,	 where	 one	 might
briefly	 stand	 straight	 up	 and	 perhaps	 drink	 some	 water,	 took
between	 an	 hour	 and	 an	 hour	 and	 a	 half.	 Some	 slaves,	 the
abolitionist	noted,	“could	not	stand	straight	to	save	their	lives	from
constant	stooping,”	their	bodies	bent	in	forced	tribute	to	the	cotton
plant.

Samuel	Cartwright,	a	Louisiana	slave	doctor	and	racial	theorist,
argued	 that	 African	 Americans	 didn’t	 suffer	 in	 these	 conditions
because	 they	 were	 different	 than	 white	 people.	 In	 the	 1850s,
Cartwright	became	the	foremost	Southern	proponent	of	a	brand	of
scientific	 racism	 that	 made	 heat	 tolerance	 one	 of	 the	 defining
differences	 between	 the	 plantation	 owners	 and	 their	 human
chattel.	“The	practice	of	negroes	in	exposing	their	bare	heads	and
backs,	 through	 choice,	 to	 the	 rays	 of	 a	 sun	 hot	 enough	 to	 blister
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the	 skin	 of	 a	 white	 man	 proves	 that	 they	 are	 under	 different
physiological	 laws	from	him,”	Cartwright	wrote	to	US	Secretary	of
State	Daniel	Webster	in	1851.	In	his	view,	African	Americans	toiling
in	the	heat	was	the	natural	order	of	things,	and	one	upon	which	the
entire	 economy	 of	 the	 South	 depended:	 “The	 labor	 requiring
exposure	 to	 a	 mid-day’s	 summer	 sun,	 from	 the	 laws	 of	 the	 white
man’s	nature,	cannot	be	performed	in	the	cotton	and	sugar	region
without	 exposing	 him	 to	 disease	 and	 death;	 yet	 the	 same	 kind	 of
labor	 experience	 proves	 to	 be	 only	 a	 wholesome	 and	 beneficial
exercise	to	the	negro.”

Cartwright	 was	 far	 from	 alone	 in	 this	 view.	 In	 1826,	 South
Carolina	doctor	and	planter	Philip	Tidyman	argued	that	the	African
American	 was	 “protected	 by	 the	 very	 nature	 of	 his	 constitution
from	the	unhealthiness	of	hot	climates,	which	are	so	inimical	to	the
whites,	especially	among	those	who	may	be	necessitated	to	labour
in	 low	 swampy	 situations.”	 Under	 such	 difficult	 conditions,
Tidyman	had	seen	slaves	“working	with	cheerfulness	and	alacrity,
when	the	white	labourer	would	become	languid	and	sink	from	the
effects	of	the	torrid	sun.”

A	 Southern	 doctor	 named	 William	 Holcombe	 suggested	 that
the	heat	tolerance	of	slaves	was	due	to	an	anatomical	distinction:
“The	 skull	 of	 the	 negro	 is	 very	 thick,	 dense	 and	 strong,	 resisting
injuries	 and	 the	 effect	 of	 the	 heat	 to	 a	 wonderful	 degree.”
Holcombe	 concluded	 that	 racial	 peculiarities	 “prove	 the	 negro	 to
be	 organically	 constituted	 to	 be	 an	 agricultural	 laborer	 in	 tropical
climates—a	 strong	 animal	 machine.”	 New	 York	 doctor	 John	 Van
Evrie	 agreed:	 “[The	 negro’s]	 head	 is	 protected	 from	 the	 rays	 of	 a
vertical	sun	by	a	dense	mat	of	woolly	hair,	wholly	impervious	to	its
fiercest	heats,	while	his	entire	surface,	studded	with	 innumerable
sebaceous	 glands,	 forming	 a	 complete	 excretory	 system,	 relieves
him	 from	 all	 those	 climatic	 influences	 so	 fatal,	 under	 the	 same
circumstances,	 to	 the	 sensitive	 and	 highly	 organized	 white	 man.
Instead	 of	 seeking	 to	 shelter	 himself	 from	 the	 burning	 sun	 of	 the
tropics,	he	courts	it,	enjoys	it,	delights	in	its	fiercest	heats.”	To	Van
Evrie,	a	divine	design	explained	the	slave’s	constitution:	“God	has
adapted	 him,	 both	 in	 his	 physical	 and	 mental	 structure,	 to	 the
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tropics.”
Even	 after	 slavery	 was	 abolished	 and	 scientific	 racism	 was

exposed	 as	 a	 manifestation	 of	 white	 privilege	 and	 stupidity,	 the
idea	 that	 some	 races	 were	 better	 suited	 to	 heat	 than	 others
persisted.	In	1908,	a	federal	study	noted	an	influx	of	Mexicans	into
less-skilled	 jobs	 across	 the	 Southwest,	 especially	 in	 construction
and	agriculture.	One	investigator	observed	that	“they	work	well	and
are	contented	in	the	desert,	where	Europeans	and	Orientals	either
become	dissatisfied	or	prove	unable	to	withstand	the	climate.”

Labor	 shortages	 during	 World	 War	 I	 drew	 large	 numbers	 of
Mexicans	 and	 Central	Americans	 into	 Northern	 industrial	 centers.
There,	 management	 channeled	 them	 into	 the	 hot	 jobs	 for	 which
they	were	presumed	to	be	natural	candidates.	In	Detroit,	Mexicans
worked	in	the	foundry	departments	of	auto	plants.	In	Chicago,	they
sweated	at	the	mouths	of	coke	ovens	and	blast	furnaces.	In	1925,	a
Pittsburgh	pipe	manufacturer	codified	the	stereotypes	for	thirty-six
groups	 on	 what	 it	 termed	 “Racial	Adaptability	 to	Various	Types	 of
Work.”	 Mexicans	 received	 a	 positive	 rating	 only	 for	 jobs	 with	 hot-
dry	 conditions	 and	 those	 considered	 dirty.	 When	 economist	 Paul
Taylor	visited	Pennsylvania	in	the	late	1920s,	he	was	struck	by	the
concentration	 of	 immigrants	 in	 the	 hottest	 operations	 of	 the
Bethlehem	Steel	mill.	“The	Mexicans,”	Taylor	reported,	“were	said	to
endure	heat	well.”

In	 the	 1920s,	 the	 US	 Congress	 tried	 to	 grapple	 with	 all	 this
during	debates	over	 immigration	policy.	 In	a	hearing	of	the	House
Committee	 on	 Immigration	 and	 Naturalization,	 Colorado
congressman	William	Vaile	summed	up	the	problem	from	the	point
of	view	of	rich	white	farm	and	factory	owners:	“The	South	was	not
fitted	 properly	 for	 manual	 labor	 by	 white	 men.	 It	 is	 a	 hot	 country
and	 the	 white	 man	 does	 not	 thrive	 under	 manual	 labor	 in	 the
South.”	Texas	 congressman	 Carlos	 Bee,	 whose	 father	 had	 been	 a
general	 in	the	Confederacy,	reassured	his	colleagues	that	despite
what	 they	 might	 have	 heard	 about	 the	 difficulty	 and	 danger	 of
working	 in	 hot	 fields	 and	 factories,	 the	 Mexican	 “is	 a	 hot-weather
plant…	 He	 does	 not	 want	 to	 go	 into	 a	 cold	 climate;	 he	 lives	 in	 a
tropical	 climate,	 and	 he	 is	 willing	 to	 live	 in	 Texas	 in	 the	 summer
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time.”

Ernst	Nursery	&	Farms,	where	Perez	worked,	employs	forty	to	fifty
farmworkers,	 depending	 on	 the	 season,	 virtually	 all	 of	 them
undocumented	 migrants,	 according	 to	 several	 workers	 I	 spoke
with.	 Ernst	 was	 flagged	 by	 Oregon	 OSHA	 in	 2007	 and	 2010	 for
repeatedly	failing	to	post	information	about	pesticides	used	at	the
worksite,	as	well	as	the	locations	and	contact	information	of	local
emergency	 medical	 care	 facilities.	 In	 2014,	 the	 nursery	 was	 cited
for	failing	to	provide	water	to	its	workers.	Ernst	would	not	comment
on	 their	 labor	 policies	 at	 the	 nursery,	 but	 the	 workers	 I	 talked	 to
said	the	nursery	was	no	better	or	worse	than	others	in	the	area:	a
ten-minute	 break	 every	 few	 hours,	 a	 half	 hour	 for	 lunch,	 a	 Porta
Potti	 out	 in	 the	 field.	 But	 no	 special	 provisions	 for	 water	 and	 no
tents	or	other	structures	for	shade.	In	fact,	during	a	reporting	trip	to
the	Willamette	Valley,	when	temperatures	were	in	the	midnineties,	I
didn’t	see	any	shade	structures	for	workers	 in	the	fields	of	any	of
the	nurseries	or	farms	I	visited.

It’s	 not	 clear	 how	 much	 attention	 growers	 even	 pay	 to	 their
workers,	 other	 than	 scrutinizing	 the	 numbers	 on	 their	 paychecks.
Like	many	other	nurseries	and	farms,	Ernst	subbed	out	the	task	of
finding	 and	 hiring	 workers	 to	 an	 independent	 labor	 contractor.	 In
effect,	 independent	contractors	allow	farm	and	nursery	owners	to
distance	themselves	from	responsibility	for	who	is	working	on	their
farm	or	how	they	are	treated.

It	also	makes	it	harder	for	workers	to	speak	up	against	unsafe
working	conditions,	since	it	is	often	not	clear	who	is	in	charge,	the
nursery	 owner	 or	 the	 contractor.	 Sometimes,	 workers	 are	 moved
around	 so	 much	 that	 they	 become	 disoriented:	 “We	 have	 seen
workers	 who	 don’t	 even	 know	 where	 they	 are,	 or	 which	 farm	 they
are	 on,”	 says	 Reyna	 Lopez,	 executive	 director	 of	 Pineros	 Y
Campesinos	 Unidos	 del	 Noroeste,	 a	 farmworker-rights	 group	 in
Oregon.	 When	 I	 contacted	 Ernst	 Nursery	 to	 ask	 them	 about
working	 conditions	 on	 the	 farm	 and	 Perez’s	 death,	 the	 woman	 I
spoke	 with	 (she	 asked	 that	 her	 name	 not	 be	 used)	 refused	 to
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comment	 on	 any	 specifics	 and	 would	 only	 say,	 “Our	 hearts	 are
broken	by	what	happened.”

A	 few	 weeks	 after	 Perez’s	 death,	 officials	 in	 Washington	 and
Oregon	 finally	 announced	 emergency	 rules	 for	 heat	 for	 outdoor
workers.	 Oregon’s	 rules	 now	 require	 shade	 and	 drinking	 water
whenever	 the	 temperature	 rises	 above	 80	 degrees,	 and,	 when	 it
jumps	above	90	degrees,	 ten-minute	cool-down	periods	for	every
two	 hours	 of	 work.	 This	 may	 be	 an	 improvement,	 but	 it’s	 still	 not
much	 more	 than	 the	 bare	 minimum	 for	 survival.	 Had	 those	 rules
been	 in	 place,	 would	 they	 have	 saved	 Perez’s	 life?	 It’s	 impossible
to	say.	It’s	one	thing	to	have	a	rule;	it’s	another	to	enforce	it.	But	the
simple	truth	is	that	in	twenty-first-century	America,	nobody	should
be	doing	physical	labor	in	an	open	field	when	it’s	107	degrees.

“It’s	 enraging,	 in	 a	 slow	 and	 violent	 way,	 to	 think	 about	 how
heat	 death	 is	 entirely	 preventable,”	 said	 Elizabeth	 Strater,	 director
of	 strategic	 campaigns	 for	 United	 Farm	 Workers.	 “It	 doesn’t	 take
cutting-edge	technologies,	or	expensive	machinery.	It	takes	shade
and	cool	water	and	rest.	That	is	all.	The	way	that	this	industry	has
disrespected	 and	 refused	 to	 provide	 this	 to	 workers	 is	 just
criminal.”

A	 week	 after	 Perez’s	 death,	 while	 his	 body	 was	 still	 at	 a	 funeral
home	 nearby,	 waiting	 to	 be	 shipped	 back	 to	 Guatemala,	 I	 walked
up	 the	 stairs	 to	 the	 room	 where	 he	 spent	 his	 last	 night.	 Nothing
there	but	a	bed,	a	 lamp,	and	a	vase	of	flowers	wilting	 in	the	heat.
Lucas	had	put	Perez’s	few	possessions	into	the	casket	with	him.

“Sometimes	 I	 think	 he	 is	 still	 here,”	 Lucas	 told	 me,	 standing
beside	 the	 empty	 bed.	 “At	 night,	 I	 hear	 his	 footsteps.”	 He	 thought
Perez	continued	to	live	in	the	house	because	he	wanted	to	pay	his
debt	 back,	 and	 because	 he	 wanted	 to	 take	 care	 of	 Maria	 and	 his
mother.	 Lucas,	 a	 strong	 man	 with	 hands	 like	 eagle	 talons,	 turned
away	and	wept.

The	 next	 day,	 I	 drove	 out	 to	 Ernst	 Nursery.	 I	 checked	 the
temperature:	 97	 degrees.	 I	 pulled	 off	 to	 the	 side	 of	 the	 road	 and
opened	 a	 gate	 and	 walked	 out	 onto	 the	 field	 of	 boxwood	 and
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arborvitae	where	Perez	had	been	working	when	he	died.	This	was
not	 an	 accident,	 or	 a	 tragic	 result	 of	 unforeseen	 circumstances.
After	 all,	 scientists	 have	 known	 for	 decades	 that	 burning	 fossil
fuels	 are	 heating	 up	 the	 atmosphere,	 and	 that	 more	 intense	 heat
waves	 are	 one	 of	 the	 clearest	 manifestations	 of	 life	 on	 a
superheated	planet.	And	we’ve	known	that	people	like	Perez—poor,
vulnerable,	 living	 outside	 the	 air-conditioned	 bubble	 of	 middle-
and-upper-class	 privilege—will	 be	 the	 ones	 who	 suffer	 first	 and
suffer	most.	But	the	hard	math	of	the	climate	crisis	 is	that	people
like	Perez	are	all	too	often	perceived	expendable.	They	are	one-day
media	stories	and	statistics	in	government	reports.

In	the	field	where	Perez	fell,	the	young	trees	looked	healthy	and
green	and	well	tended.	I	pulled	out	my	phone	to	take	a	photo,	but	I
got	a	warning	screen:	 iPhone	needs	to	cool	down	before	you	can
use	it.	A	few	hundred	feet	away,	at	the	edge	of	the	field	beneath	a
Douglas	fir,	Perez’s	wide-brimmed	hat	and	water	jug	still	sat	on	the
ground.

I	walked	over	and	picked	up	his	hat—it	was	stained	with	sweat.
“He	used	to	call	me	when	he	was	out	 in	the	field	sometimes,”

Maria	 told	 me	 a	 few	 days	 later.	 “He’d	 say,	 ‘Mari,	 I’m	 working	 hard
here,	I’m	going	to	come	back	soon	and	build	us	a	house.’	That	was
what	he	always	said.	I	promised	I	would	wait	for	him.	And	now	he’s
coming	home	in	a	box.”	



9.	ICE	AT	THE	END	OF	THE
WORLD

January	30,	2019

Today,	we’re	supposed	to	be	steaming	toward	Antarctica.	 Instead,
as	 I	 write	 this	 morning,	 the	Nathaniel	 B.	 Palmer,	 a	 308-foot-long
icebreaker	and	research	vessel	I’m	aboard,	is	still	tied	up	at	a	dock
in	 Punta	 Arenas,	 Chile.	 On	 the	 ship	 with	 me	 are	 twenty-six
scientists	and	thirty-one	crew	members	and	support	staff,	as	well
as	 many	 millions	 of	 dollars’	 worth	 of	 scientific	 equipment.	 We
departed	for	Antarctica	two	nights	ago,	but	we	had	to	return	to	port
because	of	a	problem	with	the	ship’s	rudder.	Divers	are	in	the	water
now—presumably	it	will	get	fixed	shortly	and	we’ll	be	on	our	way.

The	trip	I’m	about	to	take	is	the	first	expedition	in	a	$50-million,
five-year-long	joint	research	project	between	the	National	Science
Foundation	 and	 the	 British	 Antarctic	 Survey	 designed	 to	 explore
the	risk	of	sudden	collapse	of	Thwaites	Glacier,	one	of	the	largest
glaciers	 in	 West	 Antarctica.	 On	 this	 trip,	 scientists	 will	 poke	 and
prod	Thwaites—aka	the	Doomsday	Glacier1—from	every	direction,
map	 the	 ground	 beneath	 it,	 measure	 changes	 in	 ocean	 currents
that	are	bringing	warm	water	to	the	base	of	the	glacier,	and	dig	up
mud	near	the	front	of	the	glacier	to	better	understand	how	quickly
it	 has	 retreated	 during	 past	 warm	 periods.	 As	 chief	 scientist	 Rob
Larter	told	us	during	a	science	meeting	aboard	the	ship	last	night,
“The	question	we	want	to	answer	is,	is	the	West	Antarctic	ice	sheet
on	the	verge	of	unstoppable	collapse?”

How	 close	 West	 Antarctica	 is	 to	 collapse	 is	 one	 of	 the	 most
urgent	 and	 consequential	 questions	 of	 our	 time.	 A	 stable	 West
Antarctic	 ice	 sheet	 means	 coastal	 cities	 around	 the	 world	 will
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likely	have	time	to	adapt	to	rising	seas.	An	unstable	West	Antarctic
ice	 sheet	 means	 goodbye	 Miami—and	 virtually	 every	 other	 low-
lying	coastal	city	in	the	world.

But	to	answer	that	question,	we	have	to	get	to	Antarctica.	Right
now,	as	we	wait	for	the	rudder	to	be	fixed,	everyone	is	sorting	out
their	 gear,	 meeting	 their	 cabinmates	 (two	 people	 to	 a	 cabin,	 in
small	 bunk	 beds	 with	 railings	 that	 can	 be	 installed	 so	 you	 aren’t
thrown	out	of	bed	during	high	seas).	The	ship	has	five	decks,	which
are	connected	through	a	maze	of	green	steel	doors	and	stairways.
Because	 this	 is,	 in	 part,	 a	 US	 government–sponsored	 trip,	 this
afternoon	we	all	had	to	watch	videos	about	sexual	harassment	and
environmental	 rules	 in	 Antarctica	 (which	 included	 tips	 on	 how	 to
pick	seedpods	out	of	the	Velcro	on	your	winter	jacket	so	as	to	not
import	 any	 invasive	 species	 to	 the	 continent).	 We	 also	 practiced
getting	into	the	lifeboat	and	donning	our	bright-orange	immersion
suits,	 which	 would,	 in	 theory,	 keep	 us	 warm	 for	 a	 few	 hours	 if	 we
had	to	abandon	ship	in	the	icy	waters	of	the	Southern	Ocean.	We
have	learned	that	everything	must	be	strapped	down	and	we	have
tested	 seasickness	 medications	 and	 been	 advised	 where	 to	 puke
(toilet	or	trash	can,	 if	possible)	when	the	big	seas	hit	as	we	cross
Drake	 Passage,	 the	 notoriously	 treacherous	 open	 water	 between
South	America	and	Antarctica.

Talk	over	breakfast	 in	the	mess	hall	this	morning	was	about	a
storm	brewing	just	west	of	Drake	Passage.	But	as	Larter,	a	veteran
of	 many	 Antarctic	 crossings,	 put	 it	 with	 a	 wry	 smile,	 “There	 is
always	a	storm	on	the	way	to	Antarctica.”

Definitions	 of	 extreme	 heat,	 like	 definitions	 of	 pornography,
depend	a	lot	on	context.	Where	I	live	in	Texas,	a	temperature	rise	of
one	 or	 two	 degrees	 is	 imperceptible.	 In	 Antarctica,	 however,	 a
change	 of	 one	 or	 two	 degrees	 can	 be	 the	 difference	 between	 ice
and	 water,	 and	 between	 stability	 and	 collapse.	 For	 millions	 of
people	 in	 coastal	 cities	 around	 the	 world,	 those	 one	 or	 two
degrees	can	make	the	difference	between	a	nice	view	of	the	beach
and	 three	 feet	 of	 water	 in	 the	 living	 room.	 Nowhere	 on	 the	 planet
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does	 heat	 have	 as	 much	 leverage	 over	 our	 future	 as	 it	 does	 in
Antarctica.

Antarctica	 is	 the	 size	 of	 the	 United	 States	 and	 Mexico
combined,	 with	 a	 permanent	 population	 of	 zero.	 It	 is	 not	 the
territory	 of	 any	 nation,	 and	 it	 has	 no	 government,	 in	 the
conventional	sense.	Ever	since	British	explorer	Robert	Falcon	Scott
and	 Norwegian	 Roald	 Amundsen	 captivated	 the	 world	 with	 their
race	 to	 the	 South	 Pole	 in	 1911,	 it	 has	 been	 a	 playground	 for
scientists	 and	 adventurers	 (and,	 in	 the	 popular	 imagination,
penguins).	Seventy	percent	of	the	Earth’s	water	is	frozen	here	in	ice
sheets	 that	 can	 be	 nearly	 three	 miles	 thick.	 The	 continent	 is
roughly	divided	by	the	Transantarctic	Mountains;	East	Antarctica	is
bigger	 and	 colder	 than	 West	 Antarctica,	 which	 is	 far	 more
vulnerable	to	melting,	in	part	because	large	parts	of	the	glaciers	in
West	 Antarctica	 lie	 below	 sea	 level,	 making	 them	 vulnerable	 to
melting	from	small	changes	in	ocean	temperatures.

Until	 recently,	 climate	 scientists	 didn’t	 worry	 too	 much	 about
Antarctica.	It	is,	after	all,	the	coldest	place	on	Earth,	and	except	for
a	 small	 part	 of	 the	 Antarctic	 Peninsula	 that	 juts	 north,	 it	 hadn’t
been	heating	up	much.	It	was	also	thought	to	be	isolated	from	the
warming	 ocean	 by	 a	 current	 that	 surrounds	 the	 continent,
essentially	 walling	 it	 off	 from	 the	 Atlantic	 and	 the	 Pacific.	 The
United	Nation’s	Intergovernmental	Panel	on	Climate	Change	Sixth
Assessment	 Report,	 which	 was	 issued	 in	 2021	 and	 is	 the	 gold
standard	for	climate	change	science,	projected	from	1.2	to	3.2	feet
of	 global	 sea-level	 rise	 by	 2100,	 with	 very	 little	 of	 it	 coming	 from
melting	 ice	 sheets	 in	Antarctica	 (although	 the	 IPCC	 did	 include	 a
caveat	suggesting	that	could	change).

The	 IPCC’s	 sea-level-rise	 projections	 have	 long	 been
controversial,	 in	 part	 because	 the	 melting	 of	 the	 Greenland	 and
Antarctica	 ice	 sheets	 is	 so	 difficult	 to	 predict.	 A	 few	 years	 ago,
NASA	climate	scientist	James	Hansen	told	me	that	he	believed	the
IPCC	 estimates	 were	 far	 too	 conservative	 and	 that	 the	 waters
could	rise	by	as	much	as	ten	feet	by	2100.	For	Hansen,	the	past	is
prologue.	 Three	 million	 years	 ago,	 during	 the	 Pliocene	 era,	 when
the	 level	 of	 CO2	 in	 the	 atmosphere	 was	 about	 the	 same	 as	 it	 is



the	 level	 of	 CO2	 in	 the	 atmosphere	 was	 about	 the	 same	 as	 it	 is

today	and	temperatures	were	only	slightly	warmer,	the	seas	were	at
least	 twenty	 feet	 higher.	That	 suggests	 there	 is	 a	 lot	 of	 melting	 to
come	 before	 the	 ice	 sheets	 reach	 a	 happy	 equilibrium.	 Mountain
glaciers	 could	 contribute	 a	 little	 bit,	 as	 would	 the	 thermal
expansion	of	the	oceans	as	they	warmed,	but	to	get	twenty	feet	of
sea-level	rise,	Greenland	and	Antarctica	likely	contributed	in	a	big
way	(as	did	other,	long-vanished	glaciers).

For	climate	scientists,	Greenland	was	an	obvious	concern.	For
one	 thing,	 the	 Arctic	 has	 been	 warming	 up	 faster	 than	 any	 other
place	 on	 the	 planet.	 For	 another,	 the	 melt	 there	 was	 visible	 to
anyone	who	cared	to	look:	every	summer,	as	the	surface	of	the	ice
sheet	heats	up,	water	pours	off	 in	great	blue	rivers,	some	of	them
falling	through	holes	in	the	ice	called	moulins.	For	scientists,	it	was
a	 no-brainer.	And	 compared	 to	Antarctica,	 Greenland	 is	 also	 easy
to	 get	 to,	 just	 a	 short	 flight	 from	 Europe	 to	 one	 of	 the	 old	 fishing
villages	on	the	coast.	You	can	visit	the	fastest-moving	glacier	in	the
world,	 the	 Jakobshavn,	 and	 be	 back	 at	 your	 hotel	 for	 a	 whiskey
before	dinner.

But	 then	 things	 got	 weird	 in	 Antarctica,	 causing	 some
scientists	 to	 look	 harder	 at	 what	 was	 going	 on	 down	 south.	 The
first	alarming	event	was	the	sudden	collapse	in	2002	of	the	Larsen
B	ice	shelf,	a	vast	chunk	of	 ice	on	the	Antarctic	Peninsula.	An	 ice
shelf	 is	 like	 an	 enormous	 fingernail	 that	 grows	 off	 the	 end	 of	 a
glacier	where	it	meets	the	water.	The	glaciers	behind	the	Larsen	B,
like	many	glaciers	in	both	Antarctica	and	Greenland,	are	known	as
marine-terminating	 glaciers,	 because	 large	 portions	 of	 them	 lie
below	 sea	 level.	 The	 collapse	 of	 ice	 shelves	 does	 not	 in	 itself
contribute	to	sea-level	rise,	since	they	are	already	floating	(just	like
ice	melting	in	a	glass	doesn’t	raise	the	level	of	the	liquid).	But	they
perform	 an	 important	 role	 of	 buttressing,	 or	 restraining,	 the
glaciers.	After	the	Larsen	B	ice	shelf	vanished,	the	glaciers	that	had
been	behind	it	started	flowing	into	the	sea	eight	times	faster	than
they	 had	 before.	 “It	 was	 like,	 ‘Oh,	 what	 is	 going	 on	 here?’”	 Ted
Scambos,	a	glaciologist	at	the	National	Snow	and	Ice	Data	Center
in	 Boulder,	 Colorado,	 told	 me	 in	 2017.	 “It	 turns	 out	 glaciers	 are
much	more	responsive	to	heat	than	anyone	thought.”



Luckily,	the	glaciers	behind	the	Larsen	B	aren’t	very	big,	so	sea-
level	rise	wasn’t	a	concern.	But	the	Larsen	B	prompted	scientists	to
look	closer	at	the	ice	shelves	and	movement	of	glaciers	elsewhere
in	 Antarctica.	 Satellite	 imagery	 showed	 that	 the	 ice	 shelves
throughout	 the	 continent	 were	 thinning,	 especially	 in	 West
Antarctica.	Some	were	thinning	by	a	lot.	It	wasn’t	clear	why,	since,
unlike	 Greenland,	 air	 temperatures	 in	 Antarctica	 weren’t	 warming
much,	 if	 at	 all.	 The	 only	 culprit	 could	 be	 the	 ocean.	 Scientists
figured	out	that	due	to	changes	in	the	winds	and	ocean	circulation,
more	 warm	 deep	 water	 was	 being	 pushed	 up	 under	 the	 ice
shelves,	melting	them	from	below.	“Just	one	degree	of	change	is	a
big	deal	to	a	glacier,”	Scambos	told	me.

As	 it	 turned	 out,	 a	 lot	 was	 going	 on	 in	 Antarctica.	 The	 ice
shelves	 were	 thinning,	 warmer	 water	 was	 pushing	 in	 beneath	 the
glaciers,	and	the	glaciers	were	flowing	faster.	The	whole	place	was
in	 dramatic	 flux.	 How	 fast	 would	 it	 go?	 Nobody	 knew.	 Was	 it
possible	 that	 the	 biggest	 threat	 to	 submerging	 coastal	 cities
wasn’t	Greenland	after	all,	but	Antarctica?	If	all	of	Greenland	were
to	 melt,	 that’s	 twenty-two	 feet	 of	 sea-level	 rise.	 When	 Antarctica
goes,	it’s	two	hundred	feet.

“Antarctica	 used	 to	 be	 the	 sleeping	 elephant,”	 Mark	 Serreze,
the	head	of	the	National	Snow	and	 Ice	Data	Center,	 told	me.	“But
now	the	elephant	is	stirring.”

February	2,	2019

We	 are	 about	 two	 hundred	 miles	 off	 the	 coast	 of	 Chile	 right	 now,
about	 to	 enter	 Drake	 Passage.	 This	 stretch	 of	 water,	 named	 after
English	 explorer	 Sir	 Francis	 Drake,	 has	 long	 terrorized	 sailors	 who
venture	 into	 what	 is	 called	 the	 inhospitable	 latitudes.	 The	 winds
often	 scream	 through	 the	 Drake	 from	 the	 west,	 swirling	 around
Antarctica	 with	 nothing	 to	 stop	 them,	 giving	 the	 winds	 plenty	 of
time	 and	 space	 to	 build	 monstrous	 waves.	 In	 addition,	 the



time	 and	 space	 to	 build	 monstrous	 waves.	 In	 addition,	 the

Antarctic	 Circumpolar	 Current,	 which	 is	 the	 strongest	 ocean
current	 in	 the	 world,	 five	 times	 more	 powerful	 than	 the	 Gulf
Stream,	 swirls	 around	 the	 continent,	 amplifying	 the	 waves	 and
making	 navigation	 difficult.	 Thirty-foot	 waves,	 combined	 with
seventy-knot	winds,	are	not	uncommon.	In	2017	a	buoy	just	west	of
the	passage	recorded	a	wave	sixty	feet	high,	the	largest	wave	ever
recorded	 in	 the	 Southern	 Hemisphere.	 The	 Drake	 is	 widely
recognized	as	the	most	dangerous	passage	in	the	world	for	ships.
It’s	 a	 seascape	 haunted	 by	 generations	 of	 broken	 masts,
abandoned	ships,	and	lost	sailors.

Today,	 I	 feel	 the	 swell	 growing.	 The	 Palmer	 rocks	 with	 a
predictable	 rhythm	 that	 is,	 so	 far,	 not	 terribly	 alarming.	 At	 lunch
today	 in	 the	 ship’s	 mess	 hall,	 I	 sit	 with	 some	 of	 the	 marine
technicians.	 Most	 of	 them	 have	 been	 through	 the	 Drake	 a	 dozen
times	 or	 more.	 They	 all	 agree	 that	 if	 they	 had	 to	 be	 crossing	 the
Drake	 on	 any	 ship,	 it	 would	 be	 this	 one.	The	Palmer	 has	 four	 big
diesel	engines,	and	a	deep,	strong	hull	built	out	of	ten-by-forty-foot
steel	plates.	The	ship	is	classified	as	an	ABS-A2	icebreaker,	which
means	 it	 is	 capable	 of	 plowing	 through	 three	 feet	 of	 ice	 at	 three
knots.

After	 lunch,	 I	 climb	 five	 flights	 of	 metal	 stairs	 to	 the	 bridge	 to
get	 a	 view	 of	 the	 sea.	 The	 bridge	 of	 the	Palmer	 is	 a	 remarkably
tranquil	 place,	 spacious	 and	 surrounded	 by	 windows	 on	 three
sides.	 The	 rumble	 of	 the	 engines	 is	 muted—it	 feels	 like	 you	 are
flying.	 There	 are	 mountains	 of	 waves	 all	 around	 us,	 with	 a	 swell
coming	 in	 from	 the	 west.	 Playing	 quietly	 on	 the	 bridge’s	 sound
system	are	the	Doobie	Brothers,	the	Grateful	Dead,	Pat	Benatar.	It’s
an	odd	juxtaposition:	wild	seas	and	classic	rock.

Rick	Wiemken,	the	chief	mate,	 is	at	the	helm.	He	grew	up	in	a
small	 town	 near	 Chicago	 and	 fell	 in	 love	 with	 the	 sea	 when	 he
sailed	 around	 the	 world	 with	 his	 brother	 when	 he	 was	 eighteen
years	old.	Now	he	has	two	kids	and	lives	 in	Honolulu	and	spends
half	his	life	on	the	sea,	piloting	ships	like	the	Palmer.

I	 ask	 him	 how	 many	 times	 he	 has	 been	 across	 the	 Drake
Passage.

“Oh,	eight	or	nine	times,”	he	tells	me.



“Have	you	had	many	rough	crossings?”
“I	think	the	first	one	was	the	worst,”	he	said.	“We	had	seventy-

knot-per	hour	winds.	It	was	dark.	I	was	afraid	we	were	going	to	tip
over.”

I	 ask	 him	 how	 high	 the	 swell	 is	 now.	 It’s	 hard	 to	 tell,	 with	 no
perspective	out	there.

“Maybe	ten	feet,”	he	says.	“It	will	get	worse	tomorrow.”
“How	big?”
“Depends	 on	 the	 storms.	 We’re	 trying	 to	 figure	 that	 out	 now.

This	 is	 a	 good	 ship.	 It	 can	 handle	 whatever	 comes	 our	 way.	 The
trouble	is,	when	the	big	waves	come,	and	they	hit	you	on	the	beam.
Then	 you	 have	 the	 risk	 of	 rolling.	 If	 they	 get	 too	 big,	 you	 have	 to
hove-to—which	means	turning	into	the	wave	and	facing	it	head-on.
You	ride	up	and	over	them.	That	is	much	more	stable.”

“What	does	tomorrow	look	like?”	I	ask	him.
He	smiles.	“It	will	be	interesting.”

The	 first	 person	 to	 understand	 the	 risks	 of	 a	 sudden	 collapse	 of
West	Antarctica	in	a	rapidly	warming	world	was	the	eccentric	Ohio
State	 glaciologist	 John	 Mercer.	 Mercer,	 who	 grew	 up	 in	 a	 small
town	 in	 England	 and	 was	 known	 for	 carrying	 out	 his	 scientific
fieldwork	 in	 the	 nude,	 first	 visited	Antarctica	 in	 the	 mid-1960s.	At
that	 time,	 scientists	 were	 just	 beginning	 to	 understand	 the	 link
between	CO2	emissions	and	a	warming	climate.	They	knew	that	ice
sheets	had	grown	and	retreated	in	the	past	and	caused	sea	levels
to	rise	dramatically,	but	the	discovery	that	ice	ages	were	triggered
by	 small	 changes	 in	 the	 Earth’s	 orbit	 meant	 that	 ice	 sheets	 were
much	more	sensitive	than	anyone	had	thought	to	small	changes	in
the	 temperature.	 Ice	 cores	 and	 improved	 mapping	 also	 helped
scientists	understand	that	 ice	sheets	were	not	monolithic	blocks,
but	in	fact	made	up	of	rivers	of	ice,	each	flowing	their	own	way	and
at	their	own	rate.	In	the	late	1960s,	Mercer	may	have	been	the	first
scientist	to	ask	the	question	that	is	still	central	today:	How	stable
is	Antarctica	in	a	climate	that	is	being	rapidly	warmed	by	fossil	fuel
consumption?



Mercer	 was	 most	 interested	 in	 West	 Antarctica.	 As	 far	 as
anyone	knows,	no	human	had	ever	set	foot	on	the	West	Antarctica
glaciers	 until	 the	 International	 Geophysical	 Year,	 in	 1957,	 a	 Cold
War	 collaboration	 of	 the	 US	 and	 the	 Soviet	 Union	 and	 other
nations	to	expand	the	boundaries	of	scientific	exploration.	A	team
of	 scientists	 had	 trekked	 across	 the	 glaciers	 of	 West	 Antarctica,
including	 Thwaites;	 by	 drilling	 ice	 cores	 and	 taking	 other
measurements,	 they	 discovered	 that	 the	 ground	 beneath	 the	 ice
was	 on	 a	 reverse	 slope,	 having	 been	 depressed	 by	 the	 weight	 of
the	glaciers	over	millions	of	years.	“Think	of	it	as	a	giant	soup	bowl
filled	with	ice,”	one	polar	scientist	told	me.

In	the	bowl	analogy,	the	edge	of	these	glaciers—the	spot	where
a	glacier	leaves	the	land	and	begins	to	float—is	perched	on	the	lip
of	the	bowl	a	thousand	feet	or	more	below	sea	level.	Scientists	call
that	lip	the	grounding	line.	Below	the	lip,	the	terrain	falls	away	on	a
downward	 slope	 for	 hundreds	 of	 miles,	 all	 the	 way	 to	 the
Transantarctic	Mountains,	which	divide	East	and	West	Antarctica.
At	the	deepest	part	of	the	basin,	the	ice	is	about	two	miles	thick.	In
the	1950s,	before	anyone	thought	about	global	warming,	this	was
considered	 an	 interesting	 insight	 into	 the	 structure	 of	 Antarctica,
but	hardly	a	discovery	of	huge	consequences.

Then,	 in	 1974,	 Hans	 Weertman,	 a	 materials	 scientist	 at
Northwestern	 University,	 figured	 out	 that	 these	 glaciers	 in	 West
Antarctica	were	more	vulnerable	to	rapid	melting	than	anyone	had
previously	 understood.	 He	 coined	 a	 term	 for	 it:	 marine	 ice-sheet
instability.	 Weertman	 pointed	 out	 that	 warm	 ocean	 water	 could
penetrate	 the	 grounding	 line,	 melting	 the	 ice	 from	 below.	 If	 the
melting	continued	at	a	rate	that	was	faster	than	the	glacier	grew—
which	 is	 currently	 the	 case—the	 glacier	 would	 slip	 off	 the
grounding	line	and	begin	retreating	backward	down	the	slope,	“like
a	ball	rolling	downhill,”	explained	Ian	Howat,	a	glaciologist	at	Ohio
State	 University.	As	 the	 glacier	 becomes	 grounded	 in	 deeper	 and
deeper	water,	more	of	the	ice	is	exposed	to	warming	ocean	water,
which	in	turn	increases	the	rate	of	melt.	At	the	same	time,	parts	of
the	glacier	want	to	float,	which	places	additional	stress	on	the	ice,
causing	 it	 to	 fracture.	 As	 the	 face	 of	 the	 glacier	 collapses,	 or



causing	 it	 to	 fracture.	 As	 the	 face	 of	 the	 glacier	 collapses,	 or

calves,	more	and	more	ice	falls	into	the	sea.	The	farther	the	glacier
retreats	 down	 the	 slope,	 the	 faster	 the	 collapse	 unfolds.	 Without
quite	 meaning	 to,	 Weertman	 had	 discovered	 a	 mechanism	 for
catastrophic	sea-level	rise.

Mercer	 understood	 that	 Weertman’s	 breakthrough	 had	 big
implications.	In	a	1978	paper	called	“West	Antarctic	Ice	Sheet	and
the	 CO2	 Greenhouse	 Effect:	A	Threat	 of	 Disaster,”	 Mercer	 focused
on	 the	 floating	 ice	 shelves	 that	 buttress	 the	 West	 Antarctic
glaciers.	Because	they	are	thinner	and	floating	in	the	ocean,	as	the
water	 warms,	 they	 will	 be	 the	 first	 to	 go.	 And	 when	 they	 do,	 they
will	 not	 only	 reduce	 friction	 that	 slows	 the	 glaciers’	 slide	 into	 the
sea,	they	will	change	the	balance	of	the	glaciers,	causing	them	to
float	off	the	grounding	line.	And	that,	in	turn,	would	accelerate	their
retreat	down	the	slope.	Mercer	argued	that	this	whole	system	was
much	more	unstable	than	anyone	had	yet	realized.	“I	contend	that
a	 major	 disaster—a	 rapid	 five	 meter	 [16	 foot]	 rise	 in	 sea	 level,
caused	by	the	deglaciation	of	West	Antarctica—may	be	imminent,”
he	wrote,	predicting	it	would	lead	to	the	“submergence	of	low-lying
areas	like	Florida	and	the	Netherlands.”

Mercer	didn’t	know	how	soon	this	might	happen,	but	when	he
made	his	calculations	 in	the	mid-1970s,	he	predicted	that	 if	 fossil
fuel	 consumption	 continued	 to	 accelerate,	 it	 could	 begin	 in	 fifty
years.	That	is,	right	about	now.

February	3,	2019

It	 was	 a	 rough	 night.	 The	 swell	 was	 fifteen	 to	 twenty	 feet,	 I	 later
learned.	As	the	waves	rolled	by,	the	ship	tilted	back	and	forth	like	a
giant	pendulum.	With	one	swing,	my	feet	rose,	the	blood	rushed	to
my	head.	Then	with	the	next	swing,	my	feet	fell,	until	it	almost	felt
like	 I	 was	 standing	 up.	 Everything	 in	 my	 cabin	 was	 stowed	 away.
But	 I	 heard	 stuff	 tumbling	 down	 the	 hallway,	 and	 in	 the	 distance,
the	crash	of	something	solid	and	heavy.



At	 breakfast	 in	 the	 mess	 hall	 today,	 there	 are	 a	 lot	 of	 ashen
faces.	This	 is	 now	 our	 third	 day	 in	 Drake	 Passage.	 From	 the	 looks
on	 my	 shipmate’s	 faces,	 nobody	 slept	 well.	 Water	 constantly
washes	over	the	portholes,	creating	the	feeling	that	we	are	almost
underwater.	 Lars	 Boehme,	 forty-four,	 an	 oceanographer	 and
ecologist	at	the	University	of	St.	Andrew’s,	Scotland,	is	on	the	trip
with	 us.	 He	 jokes,	 “When	 you	 see	 penguins	 flying	 past	 the
portholes,	you	know	you	are	in	trouble.”

After	 breakfast,	 I	 climb	 up	 to	 the	 bridge,	 where	 Captain
Brandon	Bell	and	one	of	the	mates	are	at	the	helm.	I	notice	that	the
ocean	is	in	a	different	mood	today	than	it	was	yesterday—instead
of	yesterday’s	furious	white-capped	waves,	 it’s	a	broad	horizon	of
long,	peaking	swells.	Each	swell	heaves	the	ship	to	thirty	degrees
and	floods	the	main	deck.	As	I	watch,	“Brown	Sugar”	is	playing	on
the	bridge	sound	system	as	the	swells	roll	the	ship	back	and	forth
like	 a	 rubber	 duckie	 in	 a	 bathtub.	 I	 secure	 myself	 in	 an	 observer
seat	 on	 the	 port	 side	 of	 the	 bridge.	 As	 we	 roll,	 the	 horizon	 tilts
radically	 and	 the	 bridge	 dips	 down	 toward	 the	 sea.	At	 the	 end	 of
each	roll,	it	almost	feels	like	I	could	reach	out	and	touch	the	water.

As	 the	 ship	 rocks,	 Captain	 Bell	 is	 cool.	 Oddly	 enough,	 he’s	 a
fellow	Texan.	He	grew	up	in	north	Texas,	on	a	ranch	his	family	has
had	since	the	1800s.	He	raises	commercial	cattle	and	rodeo	bulls.
He	has	been	through	the	Drake	many	times.	“This	is	our	stretch	of
the	highway,	we	know	it	pretty	well,”	he	says.	 I	ask	him	about	the
highest	wave	he’s	seen	in	the	Drake—“Sixty	feet,”	he	says.

I	joke	with	Bell	that	piloting	the	ship	through	big	waves	like	that
must	be	like	riding	a	rodeo	bull,	and	he	smiles.	“It’s	just	a	different
kind	of	ride,”	he	says,	and	explains	that	the	waves	are	more	spread
out,	 so	 you	 go	 up	 one	 side,	 and	 then	 over	 the	 top,	 and	 down	 the
other.

Today,	 despite	 the	 course	 correction,	 the	 swell	 is	 still	 hitting
the	ship	on	the	beam,	which	is	causing	a	big	roll.	On	the	wall	in	the
bridge	 is	 an	 instrument	 that	 tells	 you	 how	 far	 the	 ship	 is	 tilting.	 I
watch	it	roll	past	thirty	degrees.	The	captain	and	I	lean	like	we	are
standing	 in	 a	 fun	 house.	 I	 ask	 him	 where	 he	 gets	 worried,	 and	 he
says	thirty-five	or	forty	degrees.	“It’s	not	like	the	ship	is	going	to	roll



says	thirty-five	or	forty	degrees.	“It’s	not	like	the	ship	is	going	to	roll

over,”	 he	 explains.	 “But	 there	 can	 be	 a	 lot	 of	 damage,	 a	 lot	 of
computers	flying	around.”

In	the	early	afternoon,	I	retreat	into	one	of	the	labs	on	the	main
deck	of	the	ship.	The	rolls	continue	to	build.	Then	one	hits	that	 is
bigger	than	the	others,	and	the	ship	keeps	tilting	until	 it	 feels	 like
we	are	almost	sideways.	I	grab	the	desk—it	takes	all	my	strength	to
hold	 on.	 Chairs	 topple	 over.	A	 fellow	 journalist	 sitting	 a	 few	 seats
away	 from	 me	 struggles	 to	 hang	 on	 but	 loses	 her	 grip.	 Her	 chair
flips	 over	 with	 her	 in	 it.	 Everything	 that	 isn’t	 secured	 flies	 across
the	room.	Across	the	hall,	in	another	lab,	a	freezer	door	flies	open,
contents	 spill	 out.	 The	 ship	 rocks	 back	 the	 other	 way—it	 is
impossible	to	stand	up.	For	the	first	time,	I	see	real	fear	in	people’s
eyes.

When	 I	 get	 up	 to	 the	 bridge	 around	 8	 p.m.,	Wiemken	 is	 at	 the
helm	again.	“Quite	a	ride,	huh?”	he	says,	smiling.	“I	think	the	worst
is	 over.	 We	 squeezed	 through	 the	 storms.	 We’re	 back	 on	 course
now.”	We	are	close	to	60	degrees	latitude	south,	near	the	edge	of
the	 Antarctic	 Convergence,	 where	 the	 water	 changes	 and	 the
temperature	drops	and	we	arrive	in	a	different	world.

February	12,	2019

Aboard	the	Palmer	today,	there	is	much	talk	about	how	the	fate	of
the	 civilized	 world	 may	 be	 determined	 by	 the	 movement	 of	 warm
circumpolar	 deepwater	 currents	 under	 Thwaites	 Glacier.	 How	 far
and	how	fast	that	warm	current	is	flowing	under	Thwaites,	melting
it	 from	 below,	 will	 broadly	 determine	 how	 quickly	 the	 glacier
collapses.

The	 trouble	 is,	 measuring	 warm	 circumpolar	 deep	 water	 in
Antarctica	 is	 extremely	 difficult—especially	 under	 the	 ice.	 High-
tech	 underwater	 moorings	 can	 help,	 but	 they	 only	 cover	 limited
areas	 and	 don’t	 measure	 the	 top	 thousand	 feet	 of	 the	 ocean.
Remote	 submersible	 devices	 gather	 megabytes	 of	 precise	 ocean
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data,	but	they	are	expensive	and	best	suited	to	targeted	research
projects.

Mother	Nature	has	better	ways.	As	it	turns	out,	seals	are	terrific
research	 assistants	 in	 Antarctica.	 Weddell	 and	 elephant	 seals,	 in
particular,	regularly	swim	through	the	same	waters	scientists	want
to	 explore,	 and	 they	 do	 it	 all	 year	 long,	 even	 under	 thick	 ice.	Why
not	 give	 them	 a	 digital	 notebook	 and	 let	 them	 record	 what	 they
see?	 And	 that’s	 pretty	 much	 what	 a	 seal	 tag	 does.	 Using	 what
amounts	 to	 a	 temperature	 probe	 hooked	 up	 to	 a	 satellite	 phone,
seal	tags	record	where	seals	swim,	how	deep	they	dive,	and	what
the	 ocean’s	 temperature	 and	 salinity	 are	 wherever	 they	 travel.
When	 a	 seal	 surfaces,	 the	 tag	 beams	 the	 results	 up	 to	 a	 satellite,
which	is	then	relayed	to	a	central	database,	giving	scientists	real-
time	data	that	they	use	to	calculate	changes	in	ocean	circulation,
as	 well	 as	 to	 better	 understand	 the	 behavior	 of	 the	 seals
themselves.

Here	on	the	Palmer,	Lars	Boehme	is	 in	charge	of	seal	tagging.
Boehme,	 who	 grew	 up	 in	 a	 coastal	 town	 in	 Germany,	 is	 a	 witty,
cheerful	 guy	 who	 looks	 like	 he	 always	 has	 something	 more
important	 to	 do	 than	 comb	 his	 hair.	 He	 first	 sailed	 across	 the
Atlantic	 alone	 when	 he	 was	 eighteen	 (he’s	 done	 it	 twice)	 and
considered	a	career	as	a	sailmaker	before	giving	it	up	for	science.
On	 the	 Palmer,	 Boehme	 has	 earned	 the	 nickname	 “the	 seal
whisperer”	 for	 his	 obvious	 connection	 with	 seals	 and	 his	 respect
for	 their	 intelligence	 and	 remarkable	 capabilities.	 At	 dinner	 this
week,	he	wowed	a	group	of	us	by	explaining	how	a	seal	can	track
fish	 by	 using	 its	 whiskers	 to	 detect	 the	 minute	 disturbances	 the
fish	makes	in	the	water	as	it	swims.

February	14,	2019

We	escape	the	Palmer	on	a	Zodiac	boat	and	beach	on	one	of	the
Schaefer	Islands,	where	a	Weddell	seal	is	lying	on	the	rocks	a	few
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yards	 away	 from	 our	 landing	 spot.	 The	 Schaefer	 Islands	 are	 less
than	 a	 mile	 from	 the	 coast	 of	 Antarctica,	 an	 archipelago	 of
windblown	rock	and	ice.	The	island	we	happen	to	find	ourselves	on
is	 a	 tiny	 spit	 of	 land	 that	 is	 clearly	 beloved	 by	Weddell	 seals	 and
Adélie	 penguins.	 Weddell	 seals	 are	 smaller	 than	 elephant	 seals,
and	 don’t	 dive	 as	 deep,	 but	 they	 are	 still	 big,	 impressive	 animals.
This	one	is	a	female.	She	is	more	than	five	feet	long	and	Boehme
estimates	 she	 weighs	 about	 six	 hundred	 pounds.	 Her	 fur	 is	 light
brown,	her	eyes	closed.	She	 isn’t	moving.	 I	wonder	 if	she	 is	dead.
“She’s	 just	 taking	 a	 nice	 long	 nap	 in	 the	 sunshine,”	 Boehme
explains.	Meanwhile,	we	humans	all	have	on	at	least	five	layers	of
high-tech	winter	gear,	insulated	boots,	and	several	pairs	of	gloves.
And	we	are	still	freezing.	“When	you	come	to	Antarctica,”	Boehme
said,	“you	feel	like	an	alien,	while	all	the	animals	are	well	adapted
and	comfortable.”

A	few	yards	away,	a	big	male	elephant	seal	eyes	us.	He	is	about
three	times	the	size	of	the	female	Weddell	seal—Boehme	guesses
he	weighs	nearly	a	ton.	When	Boehme	walks	over	to	check	whether
this	 seal	 might	 be	 a	 candidate	 for	 tagging,	 the	 seal	 lifts	 his	 head
and	opens	his	pink	mouth,	revealing	long	fanglike	teeth,	and	roars
like	a	lion.	Boehme	seems	amused.	“He’s	cranky,”	Boehme	says.	He
determines	that	the	seal	has	not	molted	yet	(that	is,	shed	its	coat
and	replaced	it	with	new	fur)	so	is	unsuitable	for	tagging.

With	 that,	 he	 focuses	 on	 the	 Weddell	 seal	 sunbathing	 on	 the
rocks.	 He	 has	 already	 checked	 her	 fur—she	 has	 molted.	 But
Boehme	 is	 concerned	 that	 the	 seal	 is	 too	 close	 to	 the	 water	 and
could	make	a	run	for	it	under	light	sedation.	So	instead	of	using	a
blow	dart	to	tranquilize	her,	which	injects	the	drug	into	the	muscle
and	is	slow	to	take	effect,	they	decide	to	use	a	head	bag	to	quickly
gain	control	of	her	and	then	use	a	syringe	to	inject	the	tranquilizer
intravenously.	It	is	a	little	more	difficult,	but	in	Boehme’s	view,	it	is
safer	for	the	seal.

Boehme	and	Bastien	Queste,	an	oceanographer	from	the	UK’s
University	 of	 East	 Anglia	 who	 is	 assisting	 him,	 approach	 the	 seal
with	a	heavy	green	canvas	bag	with	straps	on	each	side.	The	seal
wakes	 at	 their	 approach,	 her	 big	 doglike	 eyes	 looking	 at	 them
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curiously.	Boehme	and	Queste	try	to	slip	the	bag	over	her	head,	but
she	 twists	 away.	Who	 are	 these	 strange	 upright	 creatures	 and
what	are	they	trying	to	do	to	me?	Unlike	in	the	Arctic,	where	seals
are	 preyed	 upon	 by	 polar	 bears	 and	 flee	 any	 movement,	 seals	 in
Antarctica	have	no	natural	predators.	And	so	they	have	no	fear.	But
they	are	also	highly	intelligent.

Boehme	and	Queste	move	with	the	seal,	but	she	dances	away
again,	surprisingly	graceful	and	fast.	They	wrestle	and	dance	with
her	for	a	few	minutes.	Then,	in	one	quick	move,	it	is	done.	The	seal
is	 hooded.	 At	 first,	 it	 is	 hard	 not	 to	 make	 a	 disturbing	 visual
association	with	a	Klansman	or	executioner.	But	it	is	apparent	that
the	 seal	 was	 not	 hurt.	 In	 fact,	 she	 calms	 down.	 Boehme	 gently
lowers	 the	 seal’s	 head	 to	 the	 ground,	 and	 the	 rest	 of	 the	 team
quickly	 approaches.	 Gui	 Bortolotto,	 a	 veterinarian	 and	 marine
mammal	ecologist	at	the	University	of	St.	Andrews	who	is	working
with	Boehme,	pulls	out	a	syringe.	Boehme	finds	a	spot	in	the	vein
that	runs	along	the	seal’s	back	and	injects	the	tranquilizer.	The	seal
relaxes	 immediately.	 Boehme	 and	 his	 team	 withdraw	 to	 give	 the
tranquilizer	a	few	moments	to	take	effect.

Working	 quickly,	 Boehme	 checks	 that	 the	 tag	 is	 functioning
properly.	 Then	 he	 and	 Bortolotto	 and	 Queste	 kneel	 down	 beside
the	seal,	measure	her	length	(eight	and	a	half	feet),	and	roll	her	on
her	side	to	measure	her	girth	(about	sixty-three	 inches).	They	fold
back	 the	 hood	 to	 reveal	 the	 seal’s	 head,	 while	 keeping	 her	 eyes
covered.	Boehme	spreads	epoxy	on	the	base	of	the	tag,	then	sets	it
on	the	seal’s	head,	moving	with	a	gentleness	that	he	might	use	 if
he	were	crowning	a	queen.	He	positions	the	tag	exactly	where	he
wants	it	and	neatly	spreads	the	epoxy	along	the	edges	of	the	tag,
wiping	 away	 any	 excess.	 Then,	 quietly,	 Boehme	 and	 the	 others
stand	up,	remove	the	bag	from	the	seal’s	eyes,	and	step	back.

The	seal’s	breathing	stutters	a	bit,	which	Boehme	assures	me	is
normal.	 Then	 she	 slowly	 opens	 her	 eyes	 and	 looks	 around,	 as	 if
waking	 from	 a	 dream.	 She	 doesn’t	 know	 it,	 but	 she	 now	 has	 a
plastic	box	with	an	antenna	glued	to	her	head.	 It	 looks	ridiculous,
almost	comical.	And	a	lot	of	people	will	say	it’s	depressing	to	see	a
beautiful	 wild	 animal	 tampered	 with	 like	 this,	 even	 if	 she	 is
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unaware	 of	 it	 and	 feels	 no	 pain.	 Some	 people	 might	 even	 be
outraged	 by	 it.	 But	 to	 me,	 this	 connection	 between	 seal	 and
scientist	is	moving,	even	heroic.	Within	the	next	hour,	she	will	slide
into	the	cold	Antarctic	waters	and	be	off	on	her	journey,	diving	into
the	deep,	surfacing,	and	sending	data	back	to	Boehme,	doing	her
part	 to	 help	 scientists	 learn	 about	 the	 risk	 of	 ice-sheet	 collapse.
She	has,	in	effect,	become	a	heat	researcher.

March	2,	2019

At	5	a.m.,	at	 latitude	74	degrees	57.4	S	and	longitude	106	degrees
12.8	 W	 on	 the	 remote	 coast	 of	 West	 Antarctica,	 the	 Doomsday
glacier	looms	up	out	of	the	fog	and	reveals	itself	to	us.

Peter	Sheehan,	a	witty	and	hardworking	twenty-seven-year-old
researcher	 from	 the	 University	 of	 East	 Anglia,	 is	 one	 of	 the	 first
scientists	aboard	the	ship	to	lay	eyes	on	the	enormous	glacier.	He
had	just	climbed	up	five	flights	of	stairs	from	the	lab	to	the	bridge
of	the	icebreaker,	where	he	takes	sea	ice	assessments	every	hour
throughout	 the	 night.	 And	 there	 it	 was:	 a	 big	 wall	 of	 ice	 on	 the
starboard	 side	 of	 the	 ship,	 looming	 in	 the	 early-morning	 light.	 “It
was	an	eerie	sight—the	blue	water,	the	blue	sky,	the	blue	ice.	It	was
all	shades	of	blue.”

Sheehan,	 who	 had	 never	 been	 to	Antarctica	 before,	 ran	 down
to	get	his	camera	and	then	put	on	his	coat	and	walked	out	to	the
bow	 of	 the	 ship,	 where	 he	 stood	 alone,	 one	 of	 the	 first	 human
beings	 ever	 to	 confront	 this	 enormous	 glacier,	 whose	 fate	 is
inextricably	linked	with	the	future	of	civilization.

“Usually	 I	 have	 a	 science	 mind,	 I	 am	 considering	 how	 we’re
going	 to	 collect	 data,	 but	 at	 that	 moment,	 it	 was	 all	 the	 human
reaction,”	 Sheehan	 says.	 “I	 was	 just	 overwhelmed	 by	 the	 power
and	beauty	of	it.”

By	7	a.m.,	virtually	the	entire	science	and	support	team	on	the
Palmer—maybe	 twenty-five	 people—crowds	 up	 onto	 the	 bridge.
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We	all	have	our	cameras	and	iPhones	out,	snapping	pictures	as	we
cruise	 along	 the	 hundred-foot-tall	 craggy	 face	 of	 Thwaites’s	 ice
shelf.	The	weather	 is	oddly	warm	and	welcoming—the	wind	calm,
the	 sea	 tranquil.	 The	Palmer	 is	 able	 to	 get	 within	 a	 few	 hundred
feet	of	the	calving	front—an	extremely	rare	thing	to	be	able	to	do	at
any	 glacier,	 much	 less	 a	 giant	 like	 Thwaites,	 due	 to	 the	 risk	 of
falling	 ice.	 The	 fissures	 in	 the	 ice	 glow	 luminous	 blue.	 Emperor
penguins	 dive	 off	 a	 nearby	 ice	 floe	 and	 swim	 beside	 the	 ship,
surprisingly	fast	and	graceful,	leaping	in	and	out	of	the	water,	as	if
they	are	welcoming	the	big	ship	as	a	long-lost	friend.

The	peacefulness	of	such	glacial	awesomeness	is	sublime.	It	is
also	 spooky,	 as	 if	 this	 massive	 ice	 wall	 marks	 the	 boundary	 of
another	dimension	of	time	and	space.

I	stand	on	the	bridge	with	Anna	Wåhlin,	an	oceanographer	from
Sweden,	 who	 has	 been	 to	 Antarctica	 seven	 times	 before	 and
thought	 she	 had	 seen	 plenty	 of	 ice	 in	 every	 shape	 and	 form.	 But
she	 is	 obviously	 moved	 by	 her	 encounter	 with	 Thwaites.	 “We	 are
the	 first	 people	 to	 be	 here	 looking	 at	 this,”	 she	 said,	 her	 eyes
scanning	the	blue	wall	of	ice.	“Ever.”

Chief	 scientist	 Rob	 Larter	 walks	 over	 and	 joins	 us.	 “It’s	 more
chaotic	 than	 I	 expected,”	 he	 says.	 He	 explains	 that	 most	 ice
shelves	 in	 Antarctica	 are	 flat	 and	 clean,	 like	 slices	 of	 wedding
cake.	 In	 contrast,	 many	 sections	 of	 the	 Thwaites	 ice	 shelf	 are	 a
jumbled	mess,	with	big	crevasses	and	sloping	shoulders.	To	Larter,
the	sloping	shoulders	of	the	ice	shelf	mean	there	is	a	lot	of	melting
going	 on	 at	 the	 base	 of	 the	 ice	 sheet,	 which	 means	 there	 is
probably	a	lot	of	warm	circumpolar	deep	water	flowing	in	below.

We	 cruise	 along	 the	 face	 of	 the	 glacier	 for	 a	 few	 hours,
mesmerized	by	the	wall	of	ice.	“It’s	like	staring	at	a	fire,”	says	Lars
Boehme.	 “You	 can	 keep	 staring	 at	 ice	 forever.”	 As	 we	 sail	 by,	 a
sonar	system	in	the	ship’s	hull	sends	out	mile-wide	pulses	of	high-
pitched	 sound	 waves,	 which	 the	 ship’s	 computers	 will	 translate
into	colorful,	real-time	maps	of	the	troughs	and	undulations	of	the
ocean	floor	three	thousand	feet	below.

By	 evening,	 the	 wind	 has	 kicked	 up,	 and	 the	 ship	 turns	 away
from	 the	 face	 of	 the	 glacier	 to	 map	 more	 of	 the	 seabed	 in	 the
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region.	 People	 crash	 out	 in	 their	 cabins,	 or	 lounge	 around	 in	 the
labs,	eating	ice	cream	bars.

I	 find	 myself	 thinking	 about	 life	 in	 Austin.	 The	 music	 and	 the
bars,	 the	 highways	 and	 the	 traffic,	 the	 new	 buildings	 downtown
and	the	boats	on	the	lake—all	the	buzz	of	civilization,	all	the	life,	all
the	heat.	I	imagine	the	molecules	in	the	city	all	vibrating	faster,	and
those	 molecules	 bumping	 into	 other	 molecules,	 until	 finally	 the
dancing	molecules	vibrate	all	the	way	down	to	Antarctica,	a	place
so	 remote	 that	 I	 am	 one	 of	 the	 first	 humans	 ever	 to	 sail	 these
waters.	 I	 know	 that	 isn’t	 how	 it	 works,	 but	 I	 also	 know	 it	 sorta	 is.
The	heat	we	generate	in	modern	life	cannot	be	contained.	It	is	not
localized,	like	the	soot	that	spews	out	of	the	4x4s	blasting	through
the	city.	The	heat	of	life	in	Austin—or	Bangkok	or	Rio	de	Janeiro	or
Sydney—is	the	heat	of	the	world.	And	it	touches	everything.

Later,	I	find	Sheehan	at	his	desk	in	the	ship’s	lab,	back	at	work
on	ocean	chemistry	data.	 I	ask	him	to	show	me	some	pictures	he
took	early	this	morning	from	the	bow	of	the	ship.	He	pulls	them	up
on	 his	 Mac	 and	 flips	 through	 them.	 In	 each	 one,	 the	 wall	 of	 ice
looms	out	of	the	blue,	terrifying	 in	 its	beauty.	 I	ask	Sheehan	what
he	 is	 thinking	 about	 now,	 looking	 at	 them.	 “For	 me,	 it’s	 hard	 to
envisage	something	so	big,	so	permanent,	so	vast,	to	be	as	fragile
as	 it	 is,”	 Sheehan	 says.	 “We	 equate	 size	 and	 grandeur	 with
permanence—like	you	look	at	a	mountain,	and	you	think,	That	will
always	be	there.	But	looking	at	Thwaites	forces	you	to	realize	that
is	 not	 always	 the	 case.	 This	 glacier,	 huge	 as	 it	 is,	 doesn’t	 have
permanence.	 If	 we	 come	 back	 next	 year,	 it	 will	 look	 completely
different.”	 Sheehan	 pauses,	 looking	 again	 at	 the	 photo	 of	 the
glacier.	 Above	 his	 head,	 just	 outside	 the	 porthole,	 the	 real	 thing
looms	 in	 the	 twilight.	 “Seeing	 this	 glacier	 makes	 you	 realize	 that
things	 you	 think	 will	 always	 be	 there	 might	 not	 be.	That’s	 quite	 a
thing	to	get	your	head	around.”

Footnote



1	 I	 gave	 Thwaites	 this	 nickname	 in	 a	 2017	 article	 I	 wrote	 about	 Antarctica,	 and	 the	 phrase	 has
subsequently	been	widely	circulated	in	the	media.	It	has	not,	however,	been	universally	embraced
by	scientists,	some	of	whom	find	the	nickname	alarmist.	Myself,	I	find	the	prospect	of	the	collapse
of	a	glacier	that	could	lead	to	ten	feet	of	sea-level	rise	in	the	not-so-distant	future	plenty	alarming.
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10.	THE	MOSQUITO	IS	MY
VECTOR

JENNIFER	 JONES	 SPENT	 most	 of	 the	 summer	 of	 2020	 at	 home,	 as	 so
many	 did	 during	 the	 first	 year	 of	 the	 Covid-19	 pandemic.	 Jones,
forty-five,	 lives	 in	 Tavernier,	 a	 community	 in	 the	 Florida	 Keys	 just
south	of	Key	Largo,	and	passed	a	lot	of	time	in	her	yard,	puttering
around	with	plants.	At	some	point,	a	mosquito	landed	on	her.	That’s
not	unusual	in	Florida,	and	Jones	doesn’t	remember	this	mosquito
bite	 in	 particular.	 But	 it	 was	 not	 a	 garden-variety	 backyard
mosquito.	 It	 was	 Aedes	 aegypti,	 an	 exquisitely	 designed	 killing
machine	that	is	one	of	the	deadliest	animals	in	human	history.	By
one	count,	half	the	people	who	have	ever	lived	have	been	killed	by
mosquito-borne	 pathogens.	 Aedes	 aegypti,	 which	 first	 arrived	 in
North	 America	 on	 slave	 ships	 in	 the	 seventeenth	 century,	 is
capable	 of	 carrying	 a	 whole	 arsenal	 of	 dangerous	 diseases,	 from
yellow	fever	to	Zika.

The	mosquito	could	sense	the	heat	of	Jones’s	body	and	smell
CO2	on	her	breath	from	more	than	thirty	feet	away.	It	landed	on	her
exposed	 flesh,	 likely	 her	 arm	 or	 lower	 leg.	 The	 mosquito	 was	 a
female—only	 females	 drink	 blood,	 which	 they	 need	 to	 produce
their	eggs.	 It	worked	quickly,	knowing,	 in	the	genetic	coding	of	 its
insect	 brain,	 that	 the	 longer	 it	 lingered	 the	 less	 likely	 it	 was	 to
survive.	First,	it	spit	on	Jones’s	skin	to	numb	it	so	she	wouldn’t	be
alerted	to	the	bite.	Then	it	plunged	its	syringelike	proboscis,	which
is	 actually	 a	 sheath	 containing	 six	 needles,	 into	 Jones’s	 skin.	 It
probed	 around	 until	 it	 found	 an	 ideal	 place	 to	 tap	 into	 a	 blood
vessel.	 Then	 it	 inserted	 two	 needles,	 each	 one	 serrated	 like	 a
carving	 knife,	 to	 saw	 a	 hole	 in	 Jones’s	 flesh.	 Two	 more	 needles
pried	the	hole	open,	which	allowed	it	to	insert	what	looks	like	a	tiny
hypodermic	 syringe	 into	 Jones’s	 blood	 vessel.	 And	 here	 is	 the
important	 part:	 as	 it	 sucked	 out	 the	 blood,	 the	 mosquito	 spit	 its
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own	saliva	into	Jones’s	veins,	which	contains	an	anticoagulant	that
prevents	the	blood	from	clotting	at	the	puncture	site.	In	this	case,	it
also	 contained	 a	 virus	 that	 causes	 a	 tropical	 disease	 called
dengue	 fever.	 When	 its	 appetite	 was	 sated	 and	 its	 belly	 full	 of
blood,	the	mosquito	flew	off.

The	word	“dengue”	most	likely	comes	from	the	Swahili	phrase
Ka-dinga	 pepo,	 meaning	 “cramplike	 seizure	 caused	 by	 an	 evil
spirit.”	 Dengue	 is	 also	 known	 as	 breakbone	 fever	 because	 when
you	have	it,	it	feels	like	your	bones	are	breaking.	It	has	been	around
for	 centuries,	 and	 is	 most	 common	 in	 Asia	 and	 the	 Caribbean.
According	 to	 the	 World	 Health	 Organization	 (WHO),	 before	 1970,
only	 nine	 countries	 had	 severe	 dengue	 epidemics.	 Since	 then,	 it
has	 increased	 tenfold,	 making	 the	 disease	 endemic—that	 is,
permanently	 embedded	 in	 the	 local	 mosquito	 population—in	 a
hundred	countries.	The	WHO	estimates	that	390	million	people	are
infected	 with	 the	 dengue	 virus	 each	 year.	 As	 the	 world	 warms,
making	 more	 of	 the	 planet	 comfortable	 for	 heat-loving	 Aedes
aegypti,	 the	 mosquito’s	 Goldilocks	 Zone	 will	 expand	 northward,
and	to	higher	altitudes.	By	2080,	five	billion	people,	or	60	percent
of	 the	 world’s	 population,	 may	 be	 at	 risk	 for	 dengue.	 “The	 fact	 is,
climate	 change	 is	 going	 to	 sicken	 and	 kill	 a	 lot	 of	 people,”	 said
Colin	Carlson,	a	biologist	at	 the	Center	 for	Global	Health	Science
and	Security	at	Georgetown	University.	 “Mosquito-borne	diseases
are	going	to	be	a	big	way	that	happens.”

It	took	a	week	or	so	for	the	virus	to	do	its	work.	Once	in	Jones’s
bloodstream,	 it	 latched	 onto	 her	 white	 blood	 cells	 and	 began
replicating.	 She	 was	 watering	 plants	 when	 she	 felt	 light-headed,
and	 then	 developed	 a	 fever.	 “I	 knew	 something	 weird	 was	 going
on,”	 she	 told	 me.	 Rashes.	 Pain	 behind	 her	 eyes.	 And	 bone-break
ache	in	her	joints.	“I	felt	like	I	was	a	ninety-nine-year-old	lady	who
had	 been	 hit	 by	 a	 truck,”	 she	 said.	 In	 rare	 cases,	 dengue	 can
escalate	to	brain	swelling	and	bleeding,	which	can	be	fatal	(about
ten	thousand	people	a	year	die	from	dengue).	But	Jones	was	lucky.
The	 pain	 and	 fever	 faded	 after	 four	 or	 five	 days,	 and	 she	 was
almost	recovered	when	her	son	called	her	to	his	room	to	point	out
the	red	splotches	on	his	skin.	As	soon	as	she	saw	them,	she	knew:
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dengue.
As	 it	 turned	 out,	 the	 Florida	 Keys,	 already	 hit	 hard	 by	 the

coronavirus,	was	in	the	middle	of	a	dengue	outbreak	too.

Heat	rearranges	the	natural	world	and	rewrites	disease	algorithms
on	 our	 planet.	 It	 creates	 new	 opportunities	 for	 microbes,	 opening
up	 fresh	 biological	 landscapes	 for	 them	 to	 explore,	 turning
pathogens	 into	 microscopic	 versions	 of	 Ferdinand	 Magellan,
expanding	the	boundaries	of	the	known	world.	Heat	waves,	as	well
as	 heat-driven	 climate	 events	 like	 flooding	 and	 drought,	 have
worsened	 more	 than	 half	 of	 the	 hundreds	 of	 known	 infectious
diseases	 in	 people,	 including	 malaria,	 hantavirus,	 cholera,	 and
anthrax.

“We	have	entered	a	pandemic	era,”	wrote	Dr.	Anthony	Fauci	of
the	National	Institute	of	Allergy	and	Infectious	Diseases	(NIAID)	in
a	paper	he	coauthored	with	his	NIAID	colleague	David	Morens.	The
paper	 cites	 HIV/AIDS,	 which	 has	 so	 far	 killed	 at	 least	 thirty-seven
million,	 as	 well	 as	 “unprecedented	 pandemic	 explosions”	 of	 the
past	 decade.	 It’s	 a	 deadly	 list,	 starting	 with	 the	 H1N1	 “swine”
influenza	 in	 2009,	 chikungunya	 in	 2014,	 and	 Zika	 in	 2015.	 Ebola
fever	 has	 burned	 in	 large	 parts	 of	Africa	 for	 the	 past	 six	 years.	 In
addition,	 there	 are	 seven	 different	 known	 coronaviruses	 that	 can
infect	humans.	SARS-CoV	spilled	over	from	an	animal	host,	likely	a
civet	 cat,	 in	 2002–03,	 and	 caused	 a	 near	 pandemic	 before
disappearing.	 Middle	 East	 respiratory	 syndrome	 (MERS)
coronavirus	 jumped	 from	 camels	 to	 people	 in	 2012,	 but	 never
found	 a	 way	 to	 spread	 efficiently	 among	 humans	 and	 died	 out
quickly.	Now	we	have	SARS-CoV-2,	the	virus	that	causes	Covid-19.

As	 I	 write	 this,	 the	 precise	 origins	 of	 Covid-19	 remain	 unclear.
The	simplest	explanation	is	that	the	virus	emerged	from	the	wilds
near	 southern	 China,	 then	 found	 residence	 in	 horseshoe	 bats
before	 making	 the	 jump	 to	 humans.	 The	 virus,	 as	 of	 this	 writing,
has	 infected	 more	 than	 680	 million	 people	 and	 caused	 nearly
seven	 million	 deaths	 around	 the	 world.	 The	 amount	 of	 human
suffering	 this	 tiny	 microbe	 has	 caused	 is	 incalculable:	 lost	 loved
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ones,	vanished	jobs,	broken	families,	and	lingering	sickness	from	a
virus	that	will	eventually	retreat	but	will	never	disappear.

And	yet	we	got	 lucky.	 “It	could	have	been	much	worse,”	Scott
Weaver,	scientific	director	of	the	Galveston	National	Laboratory	in
Texas,	one	of	the	top	viral-research	centers	in	the	country,	told	me.
Compared	 with	 other	 pathogens	 out	 there,	 Covid-19	 is	 relatively
docile.	 It	 is	 an	 easily	 transmissible	 virus	 that	 is	 far	 more	 deadly
than	 the	 flu,	 and	 has	 mysterious	 long-term	 effects.	 But	 it	 doesn’t
kill	three	out	of	four	people	it	infects,	like	the	Nipah	virus.	It	doesn’t
cause	 people	 to	 bleed	 out	 of	 their	 eyes	 and	 rectums	 like	 Ebola.
“Imagine	 a	 disease	 with	 seventy-five	 percent	 case	 fatality	 that	 is
equally	 transmissible,”	 says	 Stephen	 Luby,	 an	 epidemiologist	 at
Stanford	University.	“That	would	be	an	existential	threat	to	human
civilization.”

The	 Covid-19	 pandemic	 is	 often	 compared	 to	 the	 1918
influenza,	which	killed	at	least	fifty	million	people	globally.	But	it	is
perhaps	more	accurately	seen	as	a	preview	of	what’s	to	come.

Thawing	 permafrost	 in	 the	 Arctic	 is	 releasing	 pathogens	 that
haven’t	 seen	 daylight	 for	 tens	 of	 thousands	 of	 years.	 The	 Vibrio
bacteria	that	causes	cholera,	a	diarrheal	disease	that	haunted	big
cities	like	London	and	New	York	in	the	nineteenth	century	and	still
kills	tens	of	thousands	each	year,	thrives	in	warmer	water.	An	even
more	 deadly	 strain	 of	 the	 same	 bacteria,	Vibrio	 vulnificus,	 while
rare,	 has	 been	 detected	 more	 and	 more	 frequently	 in	 bays	 and
estuaries	 on	 the	 East	 Coast,	 particularly	 around	 Chesapeake	 Bay,
as	 well	 as	 in	 Florida	 in	 the	 aftermath	 of	 Hurricane	 Ian	 in	 2022.
Vibrio	 vulnificus,	 if	 you	 happen	 to	 eat	 it	 in	 raw	 or	 undercooked
shellfish,	might	give	you	a	bad	stomachache	(in	rare	cases,	 it	can
be	 fatal).	 If	 the	 bacteria	 gets	 in	 a	 cut	 or	 wound,	 however,	 it
becomes	 a	 flesh-eating	 horror	 and	 kills	 one	 in	 five	 people	 who
come	in	contact	with	it.

But	 the	 biggest	 impact	 on	 human	 health	 and	 well-being	 may
be	 the	 emergence	 of	 new	 pathogens	 from	 animals.	 Through
intensive	agriculture,	habitat	destruction,	and	rising	temperatures,
we	are	forcing	creatures	to	live	by	the	cardinal	rule	of	the	climate
crisis:	 adapt	 or	 die.	 For	 many	 animals,	 that	 means	 migrating	 to
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more	 hospitable	 environments.	 In	 one	 recent	 study	 that	 tracked
the	 movement	 of	 four	 thousand	 species	 over	 the	 past	 few
decades,	 as	 many	 as	 70	 percent	 had	 moved,	 almost	 all	 of	 them
seeking	cooler	lands	and	waters.	In	Alaska,	hunters	are	discovering
parasites	 from	 a	 thousand	 miles	 away	 in	 southeast	 Canada	 alive
under	 the	 skin	 of	 wild	 birds.	 “A	 wild	 exodus	 has	 begun,”	 writes
Sonia	Shah	in	The	Next	Great	Migration.	“It	is	happening	on	every
continent	and	in	every	ocean.”

During	 this	 wild	 exodus,	 these	 migrating	 animals	 are	 likely	 to
bump	 into	 new	 animals	 and	 humans	 they	 have	 never	 crossed
paths	 with	 before.	 Carlson,	 the	 Georgetown	 biologist,	 calls	 these
events	 “meet	 cutes”—random	 encounters	 where	 viruses	 jump
species	and	new	diseases	are	often	born.	The	vast	majority	of	the
new	 infectious	 diseases	 that	 have	 emerged	 in	 recent	 decades
have	come	from	these	zoonotic	pathogens,	as	they	are	called,	with
bats,	 mosquitoes,	 and	 ticks	 being	 among	 the	 most	 competent
carriers	 of	 new	 viruses.	 When	 they	 jump	 to	 humans,	 we	 get
pandemics	like	Covid-19.	What’s	next?	“It’s	really	a	roll	of	the	dice,”
says	 Raina	 Plowright,	 an	 epidemiologist	 at	 Montana	 State
University	 who	 studies	 the	 emergence	 of	 new	 diseases.	 An
estimated	40,000	viruses	lurk	in	the	bodies	of	mammals,	of	which
a	 quarter	 could	 infect	 humans.	 In	 2019,	 Carlson	 and	 a	 colleague
created	 a	 massive	 simulation	 that	 maps	 the	 past,	 present,	 and
future	 ranges	 of	 3,100	 mammal	 species,	 and	 predicts	 the
likelihood	of	viral	spillovers	if	those	ranges	overlap.	Even	under	the
optimistic	 climate	 scenarios,	 Carlson	 estimates	 that	 the	 coming
decades	will	see	about	300,000	first	encounters	between	species
that	normally	don’t	interact,	leading	to	roughly	15,000	spillovers	in
which	 viruses	 enter	 new	 hosts.	 Vineet	 Menachery,	 a	 virologist	 at
the	Galveston	lab,	called	the	prospect	“harrowing.”

In	 1994,	 in	 the	 small	 town	 of	 Hendra,	 in	 the	 suburbs	 of	 Brisbane,
Australia,	 a	 number	 of	 racehorses	 at	 one	 of	 the	 stables	 in	 town
started	to	get	sick.	No	one	knew	why.	The	horses	were	disoriented,
their	faces	swelled,	a	bloody	froth	poured	out	of	their	nostrils.	One
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of	them	was	seen	banging	its	head	against	a	concrete	wall.	Several
horses	collapsed	and	died.	At	about	the	same	time,	a	man	named
Vic	 Rail,	 who	 worked	 at	 the	 stable,	 came	 down	 with	 what	 he
thought	was	the	flu.	He	ended	up	in	intensive	care,	where	his	lungs
filled	 up	 with	 fluid.	 Shortly	 afterward,	 he	 died.	 Six	 hundred	 miles
north	 of	 Brisbane,	 another	 man	 who	 lived	 and	 worked	 on	 a	 horse
farm	got	a	mysterious	illness,	with	seizures,	convulsions,	and	brain
swelling	before	he	died,	twenty-five	days	after	he	was	admitted	to
the	 hospital.	 Before	 the	 outbreaks	 ended,	 seventy	 horses	 were
sick,	and	seven	humans	died	who	had	been	in	close	contact	with
dead	or	ill	horses.

It	 took	 months	 of	 sleuthing	 before	 scientists	 figured	 out	 what
was	happening:	Giant	fruit	bats—the	Aussies	call	them	flying	foxes
—likely	congregated	 in	fruit	trees	 in	a	horse	pasture.	The	big	bats
have	 been	 common	 in	 that	 part	 of	 Australia	 for	 twenty	 million
years.	 But	 as	 the	 rain	 forests	 that	 were	 their	 natural	 habitat	 were
fragmented	 by	 roads,	 logging,	 and	 farms,	 and	 their	 food	 sources
became	 more	 and	 more	 difficult	 to	 locate	 due	 to	 a	 changing
climate,	 they	 moved	 into	 civilization.	 They	 roosted	 in	 the	 trees	 in
the	 pasture,	 contaminating	 the	 grass	 with	 their	 urine,	 which	 was
laced	 with	 a	 virus	 that	 nobody	 had	 ever	 seen	 before—it	 would
become	 known	 as	 Hendra	 virus.	 It	 leapt	 to	 the	 horses,	 which	 had
grazed	on	the	grass,	and	then	to	the	humans	who	cared	for	them.
Luckily,	Hendra	virus	was	not	highly	transmissible	and	was	quickly
brought	under	control.

This	 story	 is	 important	 for	 two	 reasons.	 First,	 it’s	 a	 classic
“spillover	event,”	and	one	that	echoes	the	emergence	of	Covid-19,
which	likely	originated	in	a	horseshoe	bat	somewhere	in	southern
China,	northern	Vietnam,	or	Laos.	No	one	is	sure	exactly	where	the
jump	from	bats	to	humans	happened.	The	virus	was	first	detected
in	 Wuhan,	 China,	 in	 late	 2019,	 but	 that	 doesn’t	 necessarily	 mean
that	it	first	infected	humans	there.	One	hypothesis	is	that	the	virus
made	the	leap	to	humans	while	someone	was	exploring	a	cave	and
came	 in	 contact	 with	 infected	 guano.	 That	 person,	 or	 perhaps
someone	they	transmitted	it	to,	then	traveled	to	Wuhan,	where	the
virus	spread	widely	enough	to	be	noticed.	A	more	likely	hypothesis



virus	spread	widely	enough	to	be	noticed.	A	more	likely	hypothesis

is	that	the	virus	first	jumped	to	an	intermediate	host,	such	as	a	red
fox	 or	 common	 raccoon	 dog,	 which	 was	 then	 sold	 at	 a	 wildlife
market	 in	Wuhan,	where	the	virus	made	the	 leap	to	humans.	 (The
theory	 that	 the	 virus	 may	 have	 escaped	 from	 a	 Chinese	 lab	 has
been	 ruled	 out	 by	 most	 scientists.)	 “We	 may	 never	 know	 exactly
where	or	how	this	virus	first	made	the	 jump	from	bats	to	people,”
said	 Plowright.	 It	 took	 thirty	 years	 of	 detective	 work	 to	 determine
that	 HIV	 likely	 emerged	 in	 1908	 in	 Cameroon,	 during	 a	 bloody
interaction	between	a	human	and	a	chimpanzee.

The	 second	 reason	 the	 Hendra	 virus	 is	 important	 is	 that	 it
alerted	scientists	to	just	how	good	bats	are	at	harboring	infectious
diseases.	The	list	of	viruses	that	have	jumped	from	bats	to	humans
is	 long	 and	 terrifying:	 Hendra,	 Marburg,	 Ebola,	 rabies	 (it	 can	 be
transmitted	 by	 dogs,	 raccoons,	 and	 many	 other	 mammals,	 but	 in
the	 US	 bats	 are	 the	 main	 reservoir).	 Why	 are	 bats	 so	 good	 at
harboring	 deadly	 viruses?	 For	 one	 thing,	 they	 have	 immune
systems	tolerant	of	infection	that	allow	them	to	host	a	wide	variety
of	 viruses	 without	 getting	 sick.	 They	 live	 long	 lives	 (up	 to	 forty
years),	giving	them	plenty	of	time	to	spread	disease.	They	are	very
mobile—some	species	range	thirty	miles	or	so	each	night	 in	their
hunt	for	food.	And	more	important,	as	the	climate	warms,	they	can
relocate.	“Climate	change	is	affecting	bats	in	profound	ways,”	said
Plowright.	 “Many	 bat	 species	 are	 insectivorous,	 and	 so	 climate
change	has	a	big	impact	on	their	food	sources,	as	well	as	on	their
physiological	stress	and	where	they	live	and	how	they	interact	with
humans.”

If	the	Hendra	virus	alerted	epidemiologists	to	the	link	between
fruit	bats	and	viruses,	that	link	got	weirder	in	1998,	when	the	Nipah
virus,	a	close	relative	of	the	Hendra	virus,	showed	up	in	Malaysia.
Around	the	same	time,	two	other	viruses	originating	from	bats	were
detected	 in	 Asia	 and	 Australia,	 a	 sign	 of	 a	 serious	 leap.	 “Four
viruses	 to	 emerge	 from	 one	 host	 animal	 is	 unprecedented,”
Plowright	told	me.	The	question	was,	Why?

Nipah	 virus	 was	 particularly	 scary.	 Nipah	 is	 a	 horrible
pathogen,	 causing	 fever,	 brain	 swelling,	 and	 convulsions.	 Its
fatality	 rate	 is	 as	 high	 as	 75	 percent.	 Of	 those	 who	 survive,	 one-
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third	 have	 neurological	 damage.	 It	 was	 initially	 isolated	 and
identified	 in	 1999	 among	 pig	 farmers	 and	 people	 who	 had	 close
contact	with	pigs	in	Malaysia	and	Singapore.	Fruit	bats	hanging	in
the	 trees	 near	 a	 piggery	 dropped	 fruit	 infected	 with	 saliva,	 which
the	 pigs	 ate.	 Nipah	 virus	 caused	 a	 relatively	 mild	 disease	 in	 pigs,
but	nearly	three	hundred	human	cases	with	more	than	a	hundred
deaths	 were	 reported.	 To	 stop	 the	 outbreak,	 more	 than	 a	 million
pigs	were	slaughtered.	Then	in	2001,	a	second	outbreak	occurred,
in	 Bangladesh.	This	 time,	 people	 contracted	 the	 virus	 by	 drinking
date	 palm	 sap	 that	 had	 been	 infected	 by	 the	 bats.	 Of	 248	 Nipah
virus	 cases	 identified	 in	 Bangladesh	 between	 2001	 and	 2014,	 82
were	caused	by	person-to-person	transmission,	and	193	ended	in
death—a	 78	 percent	 fatality	 rate.	 “The	 only	 thing	 that	 prevented
Nipah	 from	 being	 a	 widespread	 pandemic	 was	 that	 it	 was	 not
transmitted	asymptomatically,”	said	Plowright.	“With	Nipah,	people
are	 only	 contagious	 when	 they	 already	 know	 they	 have	 it,	 which
makes	the	virus	much	easier	to	contain.”

But	 viruses	 mutate,	 and	 new	 strains	 can	 emerge.	 Nipah	 virus
belongs	 to	 a	 family	 (paramyxoviruses)	 that	 includes	 measles	 and
mumps,	 both	 of	 which	 spread	 really	 well	 in	 human	 populations.
Small	changes	in	Nipah	could	enhance	its	ability	to	spread	human
to	human,	creating	a	pandemic	with	a	high	mortality	rate.	“If	Nipah
did	 become	 more	 transmissible,”	 said	 Stanford’s	 Stephen	 Luby,
“that	would	be	a	really	Black	Death	plague–level	concern.”

To	Plowright,	the	link	between	the	climate	crisis	and	disease	is
evident.	 “These	 bats	 are	 dependent	 on	 food	 collection	 that	 is
regulated	 by	 climate,”	 she	 explained.	 “When	 does	 a	 forest	 flower,
and	what	triggers	 it	 to	happen?	It’s	not	well	understood,	but	 it’s	a
whole	 bunch	 of	 factors	 that	 come	 together,	 like	 the	 temperature,
the	season,	the	rainfall.	Climate	is	a	key	factor.	Things	are	changing
really	quickly.	You	can	imagine	a	network	of	food	caches	across	a
landscape—some	 of	 the	 bats	 are	 moving	 from	 one	 patch	 to	 the
next;	one	has	flowers	and	nectar,	then	they	die	off,	and	the	bats	go
to	 the	 next	 patch.	 You	 start	 taking	 away	 those	 patches,	 get	 to	 a
point	where	there’s	no	food,	so	they	end	up	in	people’s	yards,	or	at
horse	stables,	or	anywhere	food	is	plentiful.”



The	more	contact	these	bats	have	with	other	animals,	as	well
as	 people,	 the	 more	 opportunities	 the	 viruses	 they	 carry	 have	 to
spill	 over.	 “SARS-COV-2	 has	 been	 a	 humanitarian	 disaster,”
Plowright	said.	“But	can	you	imagine	if	it	was	killing	half	the	people
it	infected	after	some	period	of	asymptomatic	transmission?	That’s
the	 risk	 we	 are	 taking	 here.	And	 the	 quicker	 the	 climate	 changes,
the	bigger	the	risk	grows.”

In	a	small,	sparsely	equipped	lab	in	a	down-and-out	neighborhood
in	Houston,	Max	Vigilant	was	sorting	through	a	pile	of	hundreds	of
dead	 mosquitoes,	 looking	 for	 the	 winged	 terrorist	Aedes	 aegypti.
Vigilant,	 fifty-eight,	 is	 the	 head	 of	 operations	 at	 the	 Mosquito	 &
Vector	Control	Division	of	the	Harris	County	Department	of	Public
Health—basically,	he	is	the	head	mosquito	hunter	in	what	is	widely
recognized	 as	 one	 of	 the	 top	 mosquito-control	 operations	 in	 the
United	States.	His	expertise	 is	hard-won.	On	the	Caribbean	 island
of	Dominica,	where	he	was	born,	he	got	dengue	fever	when	he	was
sixteen,	 sweating	 through	 it	 with	 a	 home	 remedy	 of	 lemon	 water.
The	 experience	 changed	 his	 life,	 and	 ever	 since,	 he	 has	 been
working	at	the	intersection	of	mosquitoes	and	human	health.

A	few	hours	earlier,	this	pile	of	now-dead	mosquitoes	had	been
buzzing	 around	 a	 Houston	 neighborhood.	 Vigilant	 retrieved	 them
from	 a	 trap,	 tossed	 them	 in	 a	 freezer	 at	 the	 lab	 for	 three	 minutes
(“Doesn’t	 take	 long!”	 he	 joked),	 and	 now	 he	 was	 sorting	 out	 his
catch.	 Soon	 these	 mosquitoes	 would	 be	 ground	 up	 and	 run
through	a	series	of	tests	to	determine	what,	if	any,	pathogens	they
contained.	There	are	millions	of	mosquitoes	in	Harris	County.	Every
week,	a	few	thousand	are	ground	up	to	see	if	anything	scary	pops
out.	 It’s	 not	 exactly	 sophisticated	 screening,	 but	 it’s	 more	 than
most	cities	do.

Most	of	the	mosquitoes	in	Vigilant’s	pile	belonged	to	the	Culex
genus,	 ordinary	 backyard	 mosquitoes	 that	 are	 pretty	 much
everywhere	 in	 the	 South.	 But	 Vigilant	 was	 looking	 for	 something
else.	He	poked	through	the	pile,	 then	plucked	one	out	and	held	 it
under	a	magnifying	glass.	At	first	glance,	it	looked	the	same	as	the
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others.	He	pointed	out	the	bushy	eyebrows,	which	is	one	way	you
distinguish	a	male	from	a	female	(this	is	a	female).	“See	the	white
stripes	 on	 her	 abdomen?”	 he	 said	 to	 me,	 holding	 it	 under	 a	 big
magnifying	 glass	 mounted	 on	 the	 desk.	 “She	 looks	 like	 she	 is
wearing	a	white	tuxedo.”

He	held	her	up	 like	a	prize,	 twisting	her	around	so	 I	could	see
her	from	every	angle.	“That’s	Aedes	aegypti,”	he	said.	“She’s	kind	of
beautiful,	isn’t	she?”

There	are	roughly	three	thousand	species	of	mosquitoes	in	the
world.	 Of	 those,	 only	 a	 small	 percentage	 are	 of	 concern	 from	 a
public	 health	 perspective:	Culex	pipiens,	 which	 carries	 West	 Nile
virus,	 and	 Aedes	 albopictus,	 also	 known	 as	 the	 Asian	 Tiger
mosquito,	which	has	recently	arrived	in	the	US	from	Asia	and	can
carry	 dengue	 and	 Zika,	 but	 does	 not	 lust	 after	 human	 blood	 like
Aedes	aegypti.
Aedes	 aegypti	 is	 an	 extremely	 competent	 vector	 for	 dengue

and	Zika,	as	well	as	yellow	fever	and	chikungunya,	making	it	one	of
the	 most	 dangerous	 animals	 on	 Earth.	 And	 it	 is	 also	 one	 of	 the
most	 companionable	 (or,	 as	 Fauci	 puts	 it,	 Aedes	 aegypti	 is
“uniquely	 anthropophilic”).	 It’s	 the	 Labrador	 retriever	 of
mosquitoes,	happiest	when	it	is	living	in	or	near	our	homes,	laying
eggs	in	little	puddles	of	clean,	fresh	water	in	a	bottle	cap	or	the	rim
of	 a	 planter.	 And	 because	 it	 thrives	 in	 higher	 temperatures	 than
other	mosquitoes,	it	is	well	adapted	to	life	on	a	warming	planet.

The	impact	of	rising	heat	on	mosquitoes	is	fairly	easy	to	model,
in	 part	 because	 mosquitoes	 are	 very	 sensitive	 to	 temperature
changes	 and	 will	 basically	 move	 to	 stay	 in	 their	 happy	 zone.	And
that	happy	zone	is	expanding.	Aedes	aegypti–transmitted	diseases
have	 increased	 thirtyfold	 in	 the	 past	 fifty	 years	 because	 of
changes	 in	 climate,	 land	 use,	 and	 population.	 Mexico	 City,	 for
example,	 has	 always	 been	 a	 few	 degrees	 too	 cold	 for	 Aedes
aegypti	 to	 get	 established.	 Because	 of	 that,	 the	 city	 has	 always
been	 blissfully	 free	 of	 yellow	 fever,	 dengue,	 and	 Zika,	 which	 have
haunted	 the	 lowlands	 of	 Mexico.	 But	 now,	 as	 temperatures	 rise,
Aedes	aegypti	is	moving	in.	For	the	twenty-one	million	people	who
live	 in	 the	 city,	 it’s	 an	 alarming	 development.	 Wherever	 Aedes
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aegypti	 turns	 up,	 dengue,	 Zika,	 and	 other	 diseases	 are	 sure	 to
follow.	 You	 can	 already	 see	 this	 happening	 in	 places	 like	 Nepal,
which,	until	 recently,	was	nearly	free	of	mosquito-borne	diseases.
In	2015,	Nepal	had	135	cases	of	dengue.	In	the	first	nine	months	of
2022,	there	were	28,109	cases.

In	 other	 places,	 the	 changes	 in	 mosquito-borne	 diseases	 will
be	 more	 complex.	 Malaria	 killed	 more	 than	 six	 hundred	 thousand
people	 in	 2020,	 mostly	 children	 in	 sub-Saharan	 Africa.	 The	 most
deadly	form	of	the	disease	is	caused	by	the	parasite	Plasmodium
falciparum,	which	is	carried	by	the	Anopheles	gambiae	mosquito,
a	 smaller,	 less	 elegant	 creature	 than	 Aedes	 aegypti,	 and	 more
sensitive	to	high	temperatures.	As	the	planet	warms,	West	Africa	is
likely	 to	 grow	 too	 hot	 for	Anopheles	 gambiae,	 which	 will	 shift	 to
higher	and	cooler	regions	in	eastern	and	southern	Africa.	A	recent
study	 by	 Sadie	 Ryan,	 a	 medical	 geographer	 at	 the	 University	 of
Florida,	found	that	under	a	high-emissions	scenario	(which	would
cause	 more	 severe	 global	 warming),	 an	 additional	 seventy-six
million	 people	 could	 be	 at	 risk	 from	 exposure	 to	 malaria
transmission	 in	 eastern	 and	 southern	 Africa	 by	 the	 year	 2080.	 At
the	 same	 time,	 heat-loving	 Aedes	 aegypti	 will	 move	 into	 West
Africa,	vacated	by	Anopheles	gambiae,	putting	millions	of	Africans
at	risk	for	dengue,	Zika,	and	other	diseases.

In	 Houston,	 as	 in	 most	 of	 the	 South,	 Aedes	 aegypti	 is
established	 but	 less	 common.	 The	 city	 had	 its	 first	 outbreak	 of
dengue	 in	2003,	and	a	flare-up	of	Zika	 in	2016.	Vigilant	and	other
members	of	Harris	County	Mosquito	Control	are	constantly	on	the
lookout	 for	Aedes	aegypti,	 knowing	 they	 are	 harbingers	 of	 doom.
Their	only	real	tool	for	fighting	them	is	to	spray	insecticides,	which
they	do	from	the	back	of	pickup	trucks	whenever	there	is	evidence
of	 a	 flare-up.	 But	Aedes	aegypti,	 as	 well	 as	 other	 mosquitoes,	 are
developing	 immunity	 to	 many	 commercial	 insecticides.	 “We	 are
losing	 the	 war,”	 says	 Galveston	 National	 Laboratory	 scientific
director	 Scott	 Weaver.	 Technological	 advances,	 such	 as
genetically	 engineering	 mosquitoes	 to	 produce	 female	 offspring
that	are	infertile,	hold	some	promise	in	the	future.	In	the	first	field
experiment	 of	 its	 kind,	 a	 biotech	 firm	 called	 Oxitec	 released	 five



experiment	 of	 its	 kind,	 a	 biotech	 firm	 called	 Oxitec	 released	 five

million	 genetically	 modified	Aedes	 aegypti	 in	 the	 Florida	 Keys	 in
2021.	How	effective	this	strategy	will	be	at	reducing	the	population
of	 wild	 disease-carrying	 mosquitoes,	 however,	 remains	 highly
speculative.	Right	now	Aedes	aegypti	reigns	supreme	as	the	most
formidable	 and	 insidious	 vector	 of	 future	 diseases.	 As	 Anthony
Fauci	 wrote,	 “Any	 virus	 that	 can	 efficiently	 infect	 Aedes	 aegypti
also	has	potential	access	to	billions	of	humans.”

The	 Galveston	 National	 Laboratory	 is	 a	 fortress	 of	 pathogens,
although	 you	 would	 never	 know	 it	 from	 the	 outside.	 It	 sits	 on	 the
campus	 of	 the	 University	 of	 Texas	 Medical	 Branch	 like	 any	 other
building.	 There	 are	 some	 concrete	 barriers	 on	 the	 outside,	 and	 a
bunch	of	weird-looking	exhaust	systems	on	the	roof,	but	otherwise,
it	 could	 easily	 be	 the	 building	 where	 you	 took	 Chemistry	 101	 in
college.	 Inside,	 in	 one	 of	 about	 a	 dozen	 Biosafety	 Level	 4	 labs	 in
the	 United	 States,	 scientists	 work	 on	 some	 of	 the	 most	 lethal
viruses	in	the	world:	Ebola,	Nipah,	Marburg,	and	others.

The	BSL-4	lab	is	Dennis	Bente’s	workroom.	A	broad-shouldered
guy	with	a	full	dark	beard	and	a	slight	German	accent,	Bente	grew
up	 in	 a	 small	 town	 in	 northwest	 Germany	 and	 studied	 veterinary
medicine	 in	 Hannover	 before	 developing	 an	 interest	 in	 vector-
borne	 diseases.	 He	 worked	 with	 mosquitoes	 for	 a	 while,	 then
decided	ticks	were	more	compelling.

The	BSL-4	lab	is	basically	a	big	concrete	box	within	the	larger
lab.	Entering	it	is	like	a	journey	into	deep	space.	Bente	first	passes
through	 a	 buffer	 corridor,	 where	 he	 grabs	 a	 clean	 pair	 of	 scrubs.
Then	 he	 enters	 a	 changing	 room,	 where	 he	 strips	 off	 his	 street
clothes	 and	 pulls	 on	 the	 scrubs.	 Next	 is	 the	 suit	 room,	 where	 he
steps	 into	 what	 he	 calls	 his	 space	 suit,	 including	 built-in	 gloves
and	a	clear	plastic	helmet.	To	pressurize	the	suit,	and	give	himself
air	 to	 breathe,	 Bente	 hooks	 up	 to	 an	 air	 hose	 and	 inflates	 like	 the
Michelin	Man.	 If	all	 is	well,	he	steps	 into	the	air	 lock,	which	 is	the
most	 important	 barrier	 between	 the	 deadly	 pathogens	 and	 the
outside	world.	He	opens	a	heavy,	airtight	submarine	door,	closes	it,
walks	 a	 few	 feet,	 then	 opens	 another	 heavy,	 airtight	 submarine



walks	 a	 few	 feet,	 then	 opens	 another	 heavy,	 airtight	 submarine

door.	Finally,	he	steps	into	the	hot	zone.
Inside,	 he	 works	 with	 a	 group	 of	 ornate-looking	 ticks	 that	 are

native	to	the	Mediterranean	basin,	known	as	Hyalomma	ticks.	They
are	brown,	with	yellow	stripes	on	their	legs,	which	are	much	longer
than	 the	 stubby	 legs	 on	 deer	 ticks	 you	 see	 in	 upstate	 New	 York.
They	 look	 almost	 spidery,	 which	 is	 not	 surprising—ticks	 are
arachnids,	 not	 insects,	 in	 the	 same	 family	 as	 spiders	 and
scorpions.	 With	 their	 long	 legs,	 Hyalomma	 ticks	 are	 the	 speed
demons	 of	 the	 tick	 world.	 (On	 YouTube,	 you	 can	 find	 videos	 of
Hyalommas	 running	 after	 people	 like	 tiny	 lions	 in	 pursuit	 of	 an
antelope.)	Unlike	many	other	ticks,	Hyalommas	are	predators.	They
are	 one	 of	 the	 few	 species	 of	 ticks	 that	 have	 eyes	 (the	 word
“Hyalomma”	is	derived	from	the	Greek	words	for	“glass”	and	“eye”).
Instead	 of	 using	 CO2	 sensors	 like	 other	 ticks	 to	 locate	 a	 blood
meal,	 Hyalommas	 sense	 vibrations	 in	 the	 ground,	 and	 watch	 for
shadows,	to	chase	down	a	nearby	human	(or	livestock,	one	of	their
favorite	foods).

But	 Bente	 is	 not	 studying	 Hyalomma	 ticks	 because	 of	 their
athletic	 ability	 or	 visual	 acuity.	 He	 is	 studying	 them	 because	 they
are	 the	 most	 competent	 carriers	 and	 transmitters	 of	 Crimean
Congo	 Hemorrhagic	 Fever	 (CCHF)	 to	 humans.	 One	 way	 to	 think
about	 CCHF	 is	 that	 it’s	 basically	 a	 slightly	 less	 awful	 version	 of
Ebola.	 CCHF	 often	 starts	 with	 high	 fever,	 joint	 pain,	 and	 vomiting.
Red	spots	appear	on	your	face	and	throat.	Then	by	the	fourth	day,
you	 get	 severe	 bruising	 and	 nosebleeds,	 and	 in	 many	 cases,
uncontrolled	bleeding	from	other	orifices.	It	lasts	for	two	weeks	or
so.	There	is	no	treatment,	no	vaccine,	no	cure.	The	fatality	rate	for
people	with	CCHF	ranges	from	about	10	percent	to	40	percent.

As	far	as	Bente	knows,	the	only	Hyalomma	ticks	in	America	are
in	 the	 Galveston	 lab.	 In	 the	 wild,	 they	 are	 found	 in	 North	 Africa,
Asia,	and	parts	of	Europe	(in	Turkey,	there	are	about	seven	hundred
CCHF	cases	a	year).	The	ticks,	which	thrive	in	warm,	dry	climates,
are	expanding	their	range.	In	recent	years,	CCHF	has	killed	people
in	Spain	and	northern	India.

Bente	 keeps	 a	 colony	 of	 Hyalomma	 ticks	 in	 his	 lab	 and	 feeds
them	 on	 mice	 and	 rabbits	 that	 he	 deliberately	 infects	 with	 the



them	 on	 mice	 and	 rabbits	 that	 he	 deliberately	 infects	 with	 the

CCHF	 virus.	 (“The	 virus	 has	 no	 impact	 on	 these	 animals,”	 Bente
pointed	 out.	 “It’s	 only	 dangerous	 to	 humans.”)	 He	 is	 studying
fundamental	 questions	 about	 Hyalomma	 ticks	 and	 CCHF	 that
should	freak	out	anyone	who’d	like	to	walk	through	nature	without
worrying	 whether	 they’ll	 contract	 a	 virus	 that	 will	 make	 their
eyeballs	bleed:	Can	Hyalomma	ticks	be	established	in	the	US?	(It’s
extremely	unlikely.)	Might	other	types	of	ticks	be	carrying	CCHF	in
Africa?	 (Yes,	 but	 so	 far,	 they	 are	 only	 “a	 sideshow,”	 Bente	 said.)	 Is
airborne	 transmission	 of	 CCHF	 possible?	 (“CCHF	 is	 a	 very	 old
virus,”	 Bente	 said.	 “Why	 mutate	 now?”)	 But	 Bente	 still	 has
concerns.

As	 disease	 vectors,	 ticks	 are	 very	 different	 from	 mosquitoes.
They	 live	 up	 to	 two	 years	 instead	 of	 a	 few	 weeks.	 But	 like
mosquitoes,	they	are	sensitive	to	changes	in	temperature	and	can’t
survive	 long	 in	cold	or	dry	climates.	As	the	world	warms,	 they	are
following	the	heat.	Some	tick	species	are	moving	as	much	as	thirty
miles	 north	 each	 year—an	 unseen	 parade	 of	 bloodsuckers
conquering	 new	 terrain.	 They	 are	 difficult	 to	 target	 with
insecticides,	 and	 have	 many	 remarkable	 survival	 tricks,	 such	 as
the	 ability	 to	 go	 long	 periods	 without	 water	 by	 basically	 spitting
into	a	pile	of	leaves	and	then	drinking	it	later	when	they	are	thirsty.
Heat	is	also	changing	ticks’	appetites.	As	temperatures	rise,	brown
dog	 ticks	 that	 transmit	 Rocky	 Mountain	 spotted	 fever—a	 disease
with	a	4	percent	fatality	rate—are	twice	as	likely	to	choose	to	bite
people	 over	 dogs.	 In	 the	 US,	 ticks	 can	 carry	 more	 than	 twenty
different	 pathogens—and	 more	 are	 being	 discovered	 all	 the	 time.
“The	more	we	look	at	ticks,	the	more	viruses	we	continue	to	find,”
Bobbi	 Pritt,	 a	 microbiologist	 at	 the	 Mayo	 Clinic	 in	 Rochester,
Minnesota,	told	me.

Lyme	 disease	 is	 emblematic	 of	 the	 threat	 ticks	 pose	 in	 a
warming	 world.	 It	 is	 caused	 by	 deer	 ticks	 carrying	 the	 bacteria
Borrelia	 burgdorferi.	 Lyme	 was	 discovered	 in	 Connecticut	 in	 the
mid-1970s.	 Today	 it	 is	 a	 major,	 and	 growing,	 health	 threat.
According	to	the	CDC,	reported	cases	in	the	US	have	tripled	since
the	 late	 nineties.	 Lyme	 disease	 has	 become	 an	 almost
“unparalleled	 threat	 to	 regular	American	 life,”	 as	 Bennett	 Nemser,
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an	 epidemiologist	 who	 manages	 the	 Cohen	 Lyme	 &	 Tickborne
Disease	 Initiative	 at	 the	 Steven	 &	 Alexandra	 Cohen	 Foundation,
has	 said.	 “Really	 anyone—regardless	 of	 age,	 gender,	 political
interest,	 affluence—can	 touch	 a	 piece	 of	 grass	 and	 get	 a	 tick	 on
them.”

It’s	 not	 just	 the	 heat	 that	 has	 expanded	 the	 range	 of	 Lyme-
carrying	 ticks.	 It’s	 also	 the	 increasingly	 fragmented	 landscapes	 in
the	Northeast.	As	forests	are	cut	up	 into	suburban	developments,
the	 populations	 of	 foxes	 and	 owls	 decline,	 which	 leads	 to	 an
explosion	 in	 the	 population	 of	 white-footed	 mice,	 which	 are	 the
main	 reservoir	 for	Borrelia	burgdorferi.	 Young	 larval	 ticks	 feed	 on
the	 infected	 mice,	 and	 then	 pick	 up	 Lyme	 and	 later	 spread	 it	 to
anyone	passing	by.

But	 in	 Bente’s	 view,	 the	 most	 worrisome	 development	 in
TickWorld	 is	 the	 invasion	 of	 Asian	 longhorned	 ticks	 in	 the	 US,
which	 he	 calls	 “a	 cautionary	 tale.”	 Nobody	 is	 quite	 sure	 how	 or
when	 the	 first	Asian	 longhorned	 tick	 (Haemaphysalis	 longicornis)
arrived	 in	 the	 continental	 US.	 They	 are	 native	 to	 East	 Asia,
including	 Australia	 and	 New	 Zealand.	 They	 were	 first	 reported	 in
2017,	 in	New	Jersey.	Within	a	year,	researchers	had	found	the	tick
in	 eight	 other	 states,	 and	 its	 territory	 continues	 to	 expand	 as	 the
climate	warms	and	winters	grow	milder.	One	key	contributor	to	its
rapid	 spread	 is	 the	 fact	 that	 females	 can	 reproduce	 through
cloning	themselves,	without	the	need	for	mating,	a	process	called
parthenogenesis.	 This	 makes	 it	 extremely	 hard	 to	 control.	 “In
practice,	it’s	impossible	to	eradicate	this	species,”	said	Ilia	Rochlin,
an	entomologist	at	Rutgers	University.

Asian	longhorned	ticks	are	aggressive	biters,	and	can	gang	up
on	 prey	 to	 drink	 large	 quantities	 of	 blood.	Their	 preferred	 meal	 is
cattle.	 In	 parts	 of	 New	 Zealand	 and	 Australia,	 the	 ticks	 have
reduced	production	in	dairy	cattle	by	25	percent.	So	far,	there	is	no
evidence	that	Asian	 longhorns	 in	North	America	have	transmitted
diseases	 to	 humans.	 But	 that	 could	 change.	 Pritt	 called	 the
longhorned	invasion	“extremely	worrisome.”	They	can	carry	several
deadly	 human	 pathogens,	 including	 potentially	 fatal	 severe	 fever
with	 thrombocytopenia	 syndrome	 (SFTS)	 virus	 and	 Rickettsia



with	 thrombocytopenia	 syndrome	 (SFTS)	 virus	 and	 Rickettsia

japonica,	 which	 causes	 Japanese	 spotted	 fever.	 “While	 these
pathogens	have	yet	to	be	found	in	the	United	States,	there	is	a	risk
of	their	future	introduction,”	Pritt	told	me.

A	close	cousin	of	SFTS,	as	 it	turns	out,	 is	CCHF.	What	worries
Bente	 is	 the	 possibility	 of	 what	 scientists	 call	 vector	 switching.
That	is,	that	somehow	the	CCHF	virus	jumps	from	Hyalomma	ticks,
which	 are	 not	 yet	 in	 the	 US	 outside	 of	 Bente’s	 lab,	 to	 Asian
longhorned	ticks,	an	aggressive	biter	that	is	becoming	widespread.

Could	CCHF	make	the	leap	to	Asian	longhorned	ticks?	“Nature
is	complex,”	Bente	told	me.	“I	don’t	 like	the	narrative	that	says	we
are	 one	 tick	 bite	 away	 from	 catastrophe.	 But	 at	 the	 same	 time,	 I
can’t	say	it	won’t	happen.”	



11.	CHEAP	COLD	AIR

THERE	HAVE	ALWAYS	been	a	lot	of	flashy	people	in	Houston.	Oil	money,
Wall	 Street	 money,	 art	 money,	 cancer	 research	 money—the	 city
swings	between	boom	and	bust,	attracting	outsize	characters	who
thrive	on	the	flash	and	cash.	But	Harold	Goodman	was	never	part
of	that	Houston.	He	was	of	medium	build	with	medium	dark	eyes
and	 a	 taste	 for	 white	 shirts	 and	 suits	 that	 were,	 at	 best,	 medium
stylish.	 His	 politics	 were	 moderately	 conservative	 (“He	 was	 not	 a
man	 who	 was	 up	 for	 a	 lot	 of	 social	 change,”	 his	 daughter	 Betsy
Abell	 told	 me).	 He	 lived	 in	 Tanglewood,	 a	 quiet	 but	 nice	 Houston
neighborhood,	 with	 his	 wife,	 Harriet,	 and	 four	 kids.	 His	 business
was	 air-conditioning,	 which	 was	 definitely	 not	 flashy.	 He	 was	 a
man	who	knew	how	to	talk	about	ducts	and	cubic	feet	of	air	and
relative	humidity.	He	played	poker	once	a	month.	On	weekends,	he
played	tennis.	He	never	wore	cowboy	boots.

There	 were	 two	 glittering	 exceptions	 to	 Goodman’s	 modesty.
The	 first	 was	 cars.	 He	 loved	 them.	The	 fact	 that	 he	 was	 a	 terrible
driver,	often	hitting	the	gas	and	the	brakes	at	the	same	time,	didn’t
matter.	 Every	 year	 or	 so,	 he	 traded	 his	 old	 one	 in	 for	 something
new.	 His	 favorite	 was	 Lincoln	 Continentals—over	 the	 years,	 he
owned	a	slew	of	them.	He	also	owned	Porsches,	a	gold	Corvette,	a
green	 Oldsmobile	 convertible,	 and	 a	 particularly	 sharp	 coral-red
Thunderbird	with	a	white	top	and	white	leather	seats.

The	 other	 exception	 was	 horses.	 He	 loved	 to	 bet	 on	 races.	 It
was	something	that	he	had	done	with	his	father	when	he	was	a	kid
and	 that	 continued	 to	 be	 a	 passion	 all	 his	 life.	 He	 read	 the	Daily
Racing	Form	and	BloodHorse	and	he	always	knew	which	horse	he
liked	 in	 the	 second	 race	 at	 Churchill	 Downs	 or	 the	 fifth	 race	 at
Santa	 Anita.	 He	 won	 some,	 he	 lost	 some,	 but	 he	 never	 lost	 the
thrill.	 When	 he	 got	 rich,	 one	 of	 his	 big	 indulgences	 was	 to	 buy	 a
seven-hundred-acre	horse	farm	outside	of	Houston.

Despite	 Goodman’s	 basic	 modesty,	 there	 must	 have	 been	 a
moment	when	he	recognized	what	he	had	achieved.	Maybe	it	was
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moment	when	he	recognized	what	he	had	achieved.	Maybe	it	was

when	 he	 walked	 into	 a	 Lincoln	 dealership	 and	 felt	 the	 whoosh	 of
cold	 air.	 Maybe	 it	 was	 when	 he	 saw	 his	 name	 on	 an	 air-
conditioning	unit	hanging	outside	someone’s	window.

At	that	moment,	he	must	have	understood:	He	was	the	King	of
Cool.

I	didn’t	know	much	about	air-conditioning	until	I	moved	to	Texas.	I
grew	up	in	Silicon	Valley,	which	was	blessed—at	least	when	I	was
a	 kid	 in	 the	 1970s—with	 a	 perfect	 Mediterranean	 climate.	We	 had
no	 air-conditioning	 and	 I	 didn’t	 know	 anyone	 who	 did.	 In	 fact,	 I
never	 saw	 or	 heard	 of	 air-conditioning	 until	 it	 turned	 up	 in	 my
father’s	Chevy	El	Camino	sometime	in	the	seventies.	I	fiddled	with
it	 sometimes	 while	 my	 dad	 drove,	 but	 mostly	 I	 didn’t	 care.	 Who
needs	air-conditioning?

After	college,	I	moved	to	New	York	City.	 I	worked	as	a	reporter
for	a	Manhattan	weekly	 in	the	early	1990s,	hanging	out	with	cops
and	 taxi	 drivers	 and	 AIDS	 activists.	 During	 the	 hot	 asphalt
summers,	 I	 discovered	 why	 people	 love	 air-conditioning.	 Still,	 I
never	had	it	in	any	apartment	I	lived	in.	When	it	was	hot,	I	turned	on
a	 rotating	 electric	 fan	 and	 opened	 the	 windows	 and	 sweated
through	it.	Later	I	moved	upstate	to	Saratoga	Springs	and	lived	in	a
Victorian	 house	 with	 several	 fireplaces	 but	 no	 air-conditioning.	 In
Saratoga,	 I	 learned	 that	 the	 whole	 city	 arose	 in	 the	 nineteenth
century	 largely	 as	 a	 retreat	 from	 the	 heat	 for	 Southerners	 and
wealthy	city	folks,	with	big	trees	and	big	porches	that	gave	people
a	place	to	socialize	during	the	hot	summer	evenings.

When	I	traveled,	I	sometimes	put	up	with	air-conditioning	for	a
few	 days.	 But	 I	 hated	 the	 way	 the	 units	 rattled	 and	 clattered	 all
night	 long,	 and	 the	 soggy,	 fetid	 air	 in	 hotels	 where	 the	 windows
were	sealed	shut.

When	 I	 moved	 to	 Texas,	 I	 came	 to	 understand	 heat	 in	 a
different	way.	I’d	walk	out	to	check	the	mail	and	slam	into	a	wall	of
hot,	humid	air.	Going	for	a	bike	ride	in	the	middle	of	the	day	felt	like
a	life-threatening	adventure.	We	live	in	a	small	house,	one	that	was
built	before	air-conditioning,	but	which	has	been	retrofitted	with	a



built	before	air-conditioning,	but	which	has	been	retrofitted	with	a

centralized	system.	In	the	summer,	I	sometimes	work	on	the	screen
porch,	 beyond	 the	 reach	 of	 air-conditioning,	 but	 the	 heat	 is	 often
overwhelming	and	I	retreat	inside.

I	 wonder	 sometimes	 how	 people	 lived	 in	 Texas	 without	 air-
conditioning.	 But	 then	 I	 look	 around	 and	 I	 see	 the	 old	 dogtrot
houses	 with	 wide	 breezeways	 that	 allowed	 cooling	 winds	 to	 flow
through,	 the	 wide	 porches	 that	 gave	 people	 a	 place	 to	 sleep	 on
summer	 nights,	 and	 the	 way	 houses	 are	 built	 under	 the	 shading
limbs	 of	 big	 oak	 trees.	 I	 visit	 public	 parks	 like	 Barton	 Springs,
where	 I	 jump	 into	 the	 cold	 clear	 water	 that	 flows	 out	 of	 the
limestone	 and	 feel	 sweet	 relief.	 In	 the	 world	 before	 air-
conditioning,	 there	 was	 less	 CO2	 in	 the	 atmosphere	 to	 trap	 the
heat,	 and	 less	 asphalt	 and	 concrete	 on	 the	 ground	 to	 radiate	 it
back	 at	 you.	 It	 wasn’t	 a	 better	 world,	 necessarily,	 but	 it	 was	 a
different	 world,	 and	 people	 managed.	 Playwright	 Arthur	 Miller
recalled	 growing	 up	 in	 New	 York	 City	 in	 the	 era	 before	 air-
conditioning:	 “Broadway	 had	 open	 trolleys	 with	 no	 side	 walls,	 in
which	 you	 at	 least	 caught	 the	 breeze,	 hot	 though	 it	 was,	 so	 that
desperate	 people,	 unable	 to	 endure	 their	 apartments,	 would
simply	pay	a	nickel	and	ride	around	aimlessly	for	a	couple	of	hours
to	 cool	 off.”	 On	 Coney	 Island,	 Miller	 wrote,	 “block	 after	 block	 of
beach	 was	 so	 jammed	 with	 people	 that	 it	 was	 barely	 possible	 to
find	a	space	to	sit	or	to	put	down	your	book	or	your	hot	dog.”

Harold	 Goodman	 was	 born	 in	 Beaumont,	 Texas,	 in	 1926.	 Oil	 had
been	discovered	outside	the	city	a	few	decades	earlier—it	was	the
center	 of	 the	 booming	 Texas	 oil	 patch.	 Goodman’s	 family	 wasn’t
part	of	 it—his	uncle	was	a	farmer,	his	father	was	 in	the	 insurance
business.	 The	 family	 moved	 to	 Houston	 not	 long	 after	 Goodman
was	 born,	 where	 his	 father’s	 insurance	 business	 prospered.
Goodman’s	 sister,	 Betsy	 Bramson,	 who	 was	 five	 years	 older,	 told
me	Harold	was	“a	sharp	little	boy.	But	we	never	thought	of	him	as
being	really	smart,	if	you	know	what	I	mean.	He	loved	to	play	cards
and	go	to	the	horse	races	with	our	father.”

In	those	days,	the	best	cooling	device	you	could	find	on	a	hot
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summer	 day	 in	 Texas	 came	 from	 the	 Blue	 Bell	 creamery	 in
Brenham,	 a	 small	 town	 about	 seventy-five	 miles	 northwest	 of
Houston.	 It	 was	 a	 scoop	 of	 vanilla	 ice	 cream,	 which	 old-timers
remembered	 had	 once	 been	 served	 in	 a	 cup	 out	 of	 the	 back	 of	 a
horse-drawn	 wagon.	 Blue	 Bell	 started	 making	 ice	 cream	 in	 1911,
using	a	mix	of	salt	and	ice	to	freeze	cream	into	ice.	This	was	not	a
new	 discovery—George	 Washington	 had	 been	 a	 big	 fan	 of
homemade	ice	cream.	But	in	the	early	twentieth	century,	ice	cream
went	from	an	elitist	treat	to	a	democratic	pleasure.	A	scoop	of	Blue
Bell	 might	 not	 stave	 off	 heatstroke,	 but	 it	 would	 make	 you	 feel
better	while	you	sweated.

For	 the	 Goodmans,	 Houston	 heat	 was	 a	 fact	 of	 life.	 In	 the
summer,	 they	 stayed	 out	 of	 the	 sun	 and	 slept	 with	 the	 windows
open	or	outside	on	a	sleeping	porch.	“There	was	no	such	thing	as
air-conditioning	 when	 we	 were	 growing	 up	 in	 Houston,”	 Bramson
recalled.	 “But	 the	 funny	 thing	 is,	 I	 don’t	 remember	 it	 being	 hot.
When	you’re	young,	you	don’t	pay	any	attention	to	it.”

Goodman	went	to	the	University	of	Houston	for	two	years,	and
then	transferred	to	the	University	of	Texas	in	Austin	and	graduated
with	 a	 degree	 in	 business.	 He	 spent	 a	 couple	 of	 unremarkable
years	in	the	navy.	When	he	got	out,	he	had	no	idea	what	he	wanted
to	 do	 with	 his	 life.	 So	 he	 went	 to	 work	 for	 his	 father	 in	 the
insurance	 business	 in	 Houston.	 “He	 absolutely	 hated	 it,”	 his
daughter	Betsy	told	me.	“He	wouldn’t	show	up,	or	he’d	run	off	and
play	 poker	 in	 some	 basement	 downtown	 with	 his	 friends	 at	 night
and	get	drunk.	Everybody	in	the	family	was	worried	about	him.”

As	 it	 happened,	 his	 sister’s	 husband	 had	 gone	 into	 the	 air-
conditioning	 business,	 which	 in	 the	 early	 1950s	 was	 a	 new	 but
promising	 venture.	 “His	 mother	 thought	 that	 would	 be	 good	 for
Harold	 to	 do	 too,	 but	 everybody	 worried	 because	 he	 was	 not
electrically	or	mechanically	inclined.”	Goodman	declined	to	go	into
business	 with	 his	 brother-in-law.	 But	 another	 friend	 was	 in	 the
business	 too	 and	 finally	 Goodman	 decided	 to	 give	 it	 a	 try.	 They
started	 selling	 window	 air-conditioning	 units,	 which	 were	 a	 new
thing	then.	If	Harold	Goodman	had	one	talent,	it	was	great	timing.



John	Gorrie,	 in	contrast,	had	no	such	talent.	 In	1833,	Gorrie	was	a
thirty-one-year-old	 physician	 living	 in	 the	 frontier	 swamp	 of
Apalachicola,	 Florida.	 Gorrie	 was	 a	 Victorian	 dandy	 from
Charleston,	 educated	 in	 New	 York,	 who	 found	 himself	 trying	 to
cure	 the	 scores	 of	 people	 who	 died	 of	 fever	 in	 the	 sweltering
wilderness	of	the	Gulf	Coast.	Like	most	of	his	peers	in	the	medical
world,	 Gorrie	 incorrectly	 believed	 that	 “miasmas,”	 or	 foul	 air,
generated	 by	 decaying	 vegetation	 in	 hot,	 damp	 places,	 were	 the
cause	of	many	diseases,	including	malaria.	If	he	could	cool	the	air,
he	believed	he	could	cure	malaria.

Gorrie	 experimented	 in	 the	 fever	 ward	 that	 he	 maintained	 for
patients	in	his	home.	In	one	test,	he	suspended	a	block	of	ice	from
the	ceiling	above	a	patient.	As	the	ice	melted	into	its	container,	air
was	 blown	 onto	 the	 block.	 The	 cooled	 air	 flowed	 down	 over	 the
patient	and	into	an	opening	in	the	floor.	It	didn’t	cure	the	disease,
but	 it	did	comfort	the	patient.	The	problem	was,	this	method	was
awkward	and	dependent	on	ice	shipped	down	to	Florida	from	New
England,	which	was	expensive.

Students	of	natural	science	had	known	for	decades	that	a	gas,
compressed,	 will	 become	 hot—and	 if	 that	 gas	 expands,	 its
temperature	will	drop	sharply.	But	they	had	no	idea	how	to	put	this
knowledge	to	use.	Gorrie	had	an	idea.	Using	a	small	steam	engine
to	 power	 a	 mechanism	 that	 drew	 in	 air,	 Gorrie	 built	 a	 device	 that
compressed	 air	 into	 a	 chamber	 with	 a	 piston	 (the	 air	 becoming
hot),	 then	 forced	 it	 into	 a	 labyrinth	 of	 pipe,	 where	 it	 expanded
(becoming	cool).	The	air	was	then	routed	through	a	tank	of	brine,
which	 itself	 became	 chilled	 below	 freezing	 and	 lowered	 the
temperature	 of	 the	 air	 even	 more.	 “John	 Gorrie	 had	 actually
produced	 a	 machine	 that	 was	 complete,”	 one	 historian	 wrote.
“More	 important,	 it	 worked.	 For	 the	 first	 time,	 a	 machine	 was
manufacturing	cold	air.”

This	method	is	called	vapor	compression,	and	it’s	more	or	less
how	air	conditioners	still	work	today.	It	is	a	technology	that	shaped
the	 twentieth	 century	 just	 as	 surely	 as	 the	 internal	 combustion
engine	 did,	 and	 has	 turned	 out	 to	 be	 just	 as	 durable,	 useful,	 and
troubling	for	our	future.



Gorrie’s	 vapor	 compression	 machine	 worked	 well	 enough	 to
comfort	the	people	in	his	ward,	even	if	 it	didn’t	cure	them	of	their
fevers.	But	Gorrie	had	grander	ambitions:	he	wanted	to	usher	 in	a
new	 age	 of	 cooling.	 He	 noted	 how	 in	 northern	 countries	 it	 was
customary	to	design	insulated	buildings	in	order	to	heat	them	more
easily.	Now,	Gorrie	called	for	the	opposite:	“Let	the	houses	of	warm
countries	 be	 built	 with	 an	 equal	 regard	 to	 insulation,	 and	 a	 like
labor	and	expence	be	incurred	in	moderating	the	temperature,	and
lessening	 the	 moisture	 of	 the	 internal	 atmosphere,	 and	 the
occupants	would	incur	little	or	no	risk	from	malaria.”

But	 his	 big	 ideas	 went	 nowhere.	 In	 part,	 it	 was	 because	 his
vapor	 compression	 machine	 was	 big,	 noisy,	 expensive,	 and
complicated.	 But	 it	 was	 also	 because	 most	 people—even	 friends
and	neighbors	in	sweltering	Apalachicola—couldn’t	see	the	use	of
it.	 Sweating	 was	 just	 something	 people	 did.	The	 idea	 of	 “comfort
cooling”	didn’t	exist.

Gorrie	later	discovered	that	if	he	left	his	machine	running	long
enough,	it	could	manufacture	ice	from	water.	So	for	a	few	years,	he
tried	to	sell	it	as	the	world’s	first	ice-making	machine,	which	would
save	 people	 from	 the	 expense	 and	 trouble	 of	 importing	 ice	 from
New	 England.	 But	 Frederic	 Tudor,	 a	 New	 England	 businessman
who	had	single-handedly	built	up	the	ice	trade	from	one	tiny	ship
into	a	worldwide	empire,	was	not	going	to	let	a	crazy	inventor	from
Apalachicola	 kill	 his	 business.	 Tudor	 made	 sure	 Gorrie	 got	 zero
funding	for	his	ice-making	machine.	In	1855,	Gorrie	died	broke	and
broken.	His	invention	was	forgotten	for	the	next	fifty	years.

In	 1902,	 the	 idea	 of	 mechanically	 cooling	 the	 air	 was
resuscitated	 by	 a	 young	 engineer	 named	 Willis	 Carrier.	 Carrier
arrived	 at	 the	 Sackett-Wilhelms	 Lithographing	 and	 Publishing
Company	 in	 New	 York	 City	 to	 help	 them	 solve	 the	 problem	 of
warping	 paper	 in	 their	 printing	 press.	 As	 it	 turned	 out,	 high
humidity	 was	 causing	 the	 paper	 to	 swell,	 blurring	 the	 printed
image	 as	 it	 ran	 through	 the	 press.	 What	 could	 be	 done	 about	 it?
Carrier	had	never	thought	about	the	problem	of	humidity	in	the	air,
but,	after	several	tries,	came	up	with	a	way	to	“condition”	the	air	by
using	 a	 fan	 to	 blow	 it	 over	 pipes	 filled	 with	 cold	 water,	 which
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caused	 the	 moisture	 in	 the	 air	 to	 condense	 on	 pipes	 and	 emerge
not	 just	cooler,	but	drier	too.	 It	was	an	entirely	different	approach
than	 Gorrie	 had	 taken,	 but	 the	 science	 was	 the	 same.	 Carrier’s
invention	 had	 the	 added	 benefit	 of	 having	 a	 practical	 business
application.	The	 problem	 with	 the	 swollen	 paper	 was	 solved,	 and
the	age	of	air-conditioning	was	born.

When	 Goodman	 started	 in	 the	 air-conditioning	 business	 in
Houston	 in	 the	 late	 1950s,	 the	 city	 was	 an	 oil-soaked	 boomtown.
As	one	witty	character	put	it,	“A	fellow	can	make	ten	million	dollars
here	 if	 he	 wants	 to	 run	 after	 it.	 A	 fellow	 can	 make	 one	 million
dollars	 just	 by	 standing	 still.”	 In	 1940,	 the	 city’s	 population	 was
384,000.	Twenty	years	later,	it	was	nearly	one	million—the	fastest-
growing	city	in	the	US.

If	oil	money	was	the	engine	of	the	boom,	air-conditioning	was
the	 vehicle.	As	 Fred	 Hofheinz,	 the	 mayor	 of	 Houston	 in	 the	 1970s,
put	 it:	 “Without	 air-conditioning,	 Houston	 would	 not	 have	 been
built	at	all.	It	just	wouldn’t	exist,	that’s	all.”

The	 AC	 invasion	 began	 in	 the	 cafeteria	 at	 the	 Rice	 Hotel	 in
1922.	Movie	theaters,	such	as	the	Texan	and	Majestic,	got	chilled	in
1926.	 By	 1949,	 all	 eleven	 hundred	 rooms	 at	 the	 city’s	 glamorous
Shamrock	 Hotel	 had	 air-conditioning.	 In	 1961,	 the	 Sharpstown
Center	became	the	first	air-conditioned,	enclosed	shopping	mall	in
the	 US.	 In	 1965,	 the	 Astrodome	 became	 the	 first	 air-conditioned
stadium	in	the	world.	By	1980,	even	the	most	sacred	site	in	Texas—
the	Alamo	in	San	Antonio—was	cooled.

Air-conditioning	enabled	the	building	boom	not	only	 in	Texas,
but	throughout	the	South.	Goodbye	big	porches	and	flow-through
ventilation.	 Hello	 mass-produced	 suburban	 development	 with
cheap	construction,	low	ceilings,	and	zero	airflow.	In	1957,	the	FHA
began	 including	 the	 cost	 of	 installing	 central	 air-conditioning	 in
mortgage	loans.

In	Texas,	it	was	mostly	middle-class	white	folks	who	benefited
from	air-conditioning.	By	1960,	30	percent	of	homes	in	Texas	were
air-conditioned,	 the	highest	 in	the	country.	But	only	10	percent	of
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the	state’s	Black	population	had	it.
Nothing	captures	the	rising	cultural	cachet	of	air-conditioning

like	The	Seven	Year	 Itch,	 a	 1955	 comedy	 directed	 by	 Billy	Wilder.
The	film	includes	one	of	the	most	iconic	Hollywood	images	of	the
twentieth	century:	Marilyn	Monroe	standing	over	a	subway	grating
in	Manhattan,	her	dress	blown	up	around	her	waist	by	the	rush	of
air	from	a	passing	train.

In	 the	 opening	 scenes	 of	 the	 movie,	 New	 York	 City	 is	 in	 the
middle	of	a	scorching	heat	wave.	Women	and	children	are	fleeing
the	 city	 for	 refuge	 upstate	 and	 at	 the	 beach,	 leaving	 their
hardworking	 husbands	 behind	 to	 toil	 in	 the	 city.	 Monroe	 plays	 a
single	 woman	 who	 is	 happy	 to	 stay	 and	 battle	 the	 heat.	 The	 first
time	she	appears	on-screen,	she	is	carrying	a	big	fan	up	the	stairs
into	her	apartment.	When	her	neighbor,	a	repressed,	sex-obsessed
family	man	played	by	Tom	Ewell,	jokes	about	the	heat,	she	quips,	“I
keep	my	underwear	in	the	ice	box.”	The	only	attractive	thing	about
Ewell	is	his	air-conditioned	apartment.	He	uses	it	to	entice	Monroe
to	visit,	boasting	that	he	has	air-conditioning	in	every	room.	In	one
scene,	 Wilder	 shows	 Monroe	 sitting	 with	 her	 long	 bare	 legs
stretched	 out	 in	 front	 of	 an	 air-conditioning	 unit.	At	 that	 moment,
AC	became	sexy.

In	 the	 mid-1950s,	 Goodman	 started	 Goodman	 Manufacturing,
making	 flexible	 air	 ducts	 used	 in	 residential	 air	 conditioners.	 The
new	air	ducts,	which	replaced	stiff	metal	ducts,	made	it	easier	and
quicker	 to	 install	 air-conditioning	 in	 new	 houses.	 Business
boomed.

A	decade	or	so	later,	Goodman	got	into	the	business	of	making
air-conditioning	 units	 themselves.	 He	 did	 it	 by	 buying	 a	 bankrupt
company	in	Ohio	called	Janitrol.	As	Peter	Alexander,	who	would	go
on	to	work	side	by	side	with	Goodman	for	more	than	twenty	years,
recalled:	 “Harold	 called	 me	 and	 he	 said,	 ‘Listen,	 I’m	 thinking	 of
buying	this	company,	getting	into	the	manufacturing	business.	And
I’d	love	to	have	you	join.’	I	said	to	him,	‘You’ve	lost	your	mind.’”	The
air-conditioning	 business	 was	 already	 dominated	 by	 big,
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established	manufacturers	like	Carrier	and	Fedders.	But	Alexander
flew	down	to	Houston	to	talk	to	Goodman	about	it	anyway.	“By	the
time	 I	 was	 with	 him	 for	 two	 hours,”	 Alexander	 recalled,	 “I	 said	 to
myself,	‘I	want	to	do	this.’”

Goodman’s	first	move	was	to	relocate	the	company	to	Houston.
Why	 build	 an	 air	 conditioner	 in	 the	 North	 and	 then	 transport	 it	 to
the	South	where	air-conditioning	was	king?	“When	we	started	the
company,”	 Alexander	 told	 me,	 “we	 said,	 ‘How	 are	 we	 going	 to
differentiate	 ourselves?’	 And	 Harold	 said,	 ‘We	 are	 going	 to
differentiate	 ourselves	 under	 the	 theory	 that	 all	 the	 consumer
wants	is	cheap	cold	air.’

“I	know	that	sounds	kind	of	crude,”	Alexander	continued.	“But	if
you	 ask	 ten	 consumers	 what	 brand	 of	 residential	 air	 conditioners
they	 have	 in	 the	 house,	 maybe	 two	 can	 tell	 you.	 All	 of	 these
companies	 that	 were	 doing	 all	 this	 advertising—well,	 what’s	 the
benefit	of	that?	So	we	decided	we’re	not	gonna	do	any	advertising.
We’re	 just	 gonna	 focus	 on	 the	 fact	 that	 people	 don’t	 know	 what
brand	is	in	their	house.	And	that	the	most	important	driving	factor
in	 their	 choice	 of	 an	 air	 conditioner	 is	 price.	 So,	 we	 said,	 ‘We’re
going	to	be	a	manufacturer	of	cheap	cold	air.’	We	used	to	actually
say	that	flat	out.	Cheap	cold	air.	That	was	our	product.”

Goodman	saved	costs	by	focusing	on	manufacturing	quality	to
reduce	 warranty	 returns	 and	 service	 calls.	 He	 kept	 overhead	 low.
He	offshored	manufacturing	(mostly	to	Korea).	He	paid	employees
by	 piece	 rate,	 a	 controversial	 but	 not	 illegal	 labor	 practice	 that
allowed	 them	 to	 earn	 more	 if	 they	 worked	 harder.	 And	 most
important	 of	 all,	 he	 pushed	 the	 dogma	 of	 low	 price/high-volume
sales.	 “If	 you	 sell	 a	 hundred	 units	 and	 make	 seventeen	 bucks	 a
piece,	instead	of	selling	twenty	units	and	make	fifty	bucks	a	piece,
you’re	going	to	make	a	lot	more	money,”	Alexander	explained.	“We
convinced	 distributors	 that	 this	 was	 smart	 business.	 And	 it	 was.
When	 installing	 contractors	 came	 to	 people’s	 houses,	 the
customer	would	say,	‘Holy	Jesus,	I	can	buy	this	Goodman	unit	for	a
lot	less	than	I	buy	the	Carrier	unit.’	And	the	business	just	exploded.”
In	 1982,	 when	 Goodman	 began	 selling	 air-conditioning	 units,	 the
company	sold	50,000	units.	By	2002,	 they	were	selling	1.2	million
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units	a	year.	“We	were	a	runaway	train,”	Alexander	said.
It	 probably	 didn’t	 hurt	 that	 Goodman	 appreciated	 the	 product

he	 was	 selling	 as	 much	 as	 anyone.	 “He	 was	 very	 fussy	 about	 his
own	comfort	level,”	one	former	employee	recalls.	“But	in	the	office,
he	 didn’t	 play	 with	 the	 thermostat	 himself.	 He	 left	 that	 up	 to	 his
administrative	 assistant,	 whose	 name	 was	 Cynthia.	 I’d	 hear	 him
shout,	 ‘Cynthia,	turn	it	up!’	Or	‘Cynthia,	turn	it	down!’	It	was	a	little
fetish	of	his.”

I	 asked	Alexander	 if	 there	 were	 any	 technological	 innovations
behind	Goodman’s	success.	“The	answer	is	no,”	he	said	bluntly.	“It
was	 a	 conventional	 air	 conditioner	 and	 everybody	 was	 making	 a
conventional	air	conditioner	and	they	still	are.	You	know,	you	can
get	into	some	little	idiosyncrasies	to	create	a	premium	unit	versus
a	 basic	 unit	 and	 so	 forth,	 but	 they’re	 basically	 the	 same	 today	 as
they	were	fifty	years	ago,	with	a	different	refrigerant.”

In	Alexander’s	 view,	 Goodman’s	 brilliance	 can	 be	 summed	 up
like	this:	“Don’t	ever	kid	yourself—price	is	everything.”

At	 about	 the	 same	 time	 as	 Goodman	 was	 investigating	 the
commercial	possibilities	of	cheap	cold	air,	writer	William	Faulkner
died	of	a	heart	attack	in	Mississippi	at	age	sixty-four.	“The	first	fact
of	 the	 day,”	 wrote	 William	 Styron	 in	 an	 account	 of	 Faulkner’s
funeral	in	Oxford,	Mississippi,	“aside	from	that	final	fact	of	a	death
which	 has	 so	 diminished	 us,	 is	 the	 heat,	 and	 it	 is	 a	 heat	 which	 is
like	 a	 small	 mean	 death	 itself,	 as	 if	 one	 were	 being	 smothered	 to
extinction	 in	 a	 damp	 woolen	 overcoat.”	 Styron	 described	 Oxford
that	day	as	a	city	drowned	in	“a	heat	so	desolating	to	the	body	and
spirit	as	to	have	the	quality	of	a	half-remembered	dream,	until	one
realizes	 that	 it	 has,	 indeed,	 been	 encountered	 before,	 in	 all	 those
stories	and	novels	of	Faulkner	through	which	this	unholy	weather
—and	 other	 weather	 more	 benign—moves	 with	 almost
untouchable	reality.”

Faulkner	hated	air-conditioning.	He	lived	for	most	of	his	life	in
a	 two-story	 Greek	 Revival	 home	 built	 in	 1848.	 Faulkner	 installed
plumbing,	 electricity,	 and	 heat.	 But	 despite	 the	 monumental
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summer	 heat	 in	 Mississippi,	 he	 refused	 to	 install	 air-conditioning.
Instead,	 he	 added	 a	 sleeping	 porch	 upstairs.1	 In	 his	 novel	 The
Reivers,	one	of	the	characters	grouses,	“There	are	no	seasons	at	all
any	 more,	 with	 interiors	 artificially	 contrived	 at	 sixty	 degrees	 in
summer	 and	 ninety	 degrees	 in	 winter,	 so	 that	 mossbacked
recidivists	like	me	must	go	outside	in	summer	to	escape	cold	and
in	winter	to	escape	heat.”

Faulkner	 was	 not	 the	 only	 one	 who	 saw	 air-conditioning	 as	 a
technology	 from	 hell.	A	 cooling	 system	 was	 installed	 in	 the	White
House	 in	 the	 1930s,	 but	 President	 Franklin	 Delano	 Roosevelt
preferred	to	throw	open	the	windows	in	the	Oval	Office	during	the
summer	and	work	in	his	shirtsleeves	(in	contrast,	President	Lyndon
Johnson,	 who	 was	 a	Texan,	 liked	 to	 crank	 up	 the	 air-conditioning
and	 sleep	 under	 an	 electric	 blanket	 during	 sweltering	 DC
summers).	 In	 1945,	 Henry	 Miller	 titled	 his	 memoir	 about	 a	 trip
across	America	The	Air-conditioned	Nightmare.	Soul	singer	Aretha
Franklin	 once	 stopped	 a	 live	 show	 when	 someone	 turned	 the	 air-
conditioning	on,	worried	that	the	cool	air	would	ruin	her	voice.

But	 most	 people	 who	 tried	 it	 loved	 it.	 And	 it	 changed	 the
landscape	 of	 America,	 opening	 up	 whole	 new	 frontiers	 to
migration	and	development.	White	retirees	in	the	North,	previously
unwilling	 to	 put	 up	 with	 the	 muggy	 heat	 of	 Florida	 and	 other
Southern	 states,	 flocked	 south	 to	 air-conditioned	 condos	 on
beaches	and	golf	courses.	They	drove	their	air-conditioned	cars	to
air-conditioned	 shopping	 malls	 and	 ate	 in	 air-conditioned
restaurants.	 Corporations	 moved	 their	 headquarters	 south.
Factories	and	manufacturing	plants,	fertilized	by	cheap	real	estate
and	non-union	labor,	blossomed	in	abandoned	cotton	fields.

The	political	ramifications	of	this	demographic	shift	to	the	Sun
Belt	was	enormous.	The	flood	of	conservative	retirees	to	the	South,
once	 a	 Democratic	 stronghold,	 shifted	 the	 balance	 of	 power	 in
American	politics.	Between	1940	and	1980,	warm-climate	states	in
the	 South	 gained	 twenty-nine	 electoral	 college	 votes,	 while	 the
colder	 states	 of	 the	 Northeast	 and	 the	 Rust	 Belt	 lost	 thirty-one.
Among	 the	 first	 to	 figure	 this	 out	 was	 Richard	 Nixon,	 who	 wooed
these	 Sun	 Belt	 conservatives	 in	 the	 1960s	 with	 anti–civil	 rights
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messages	 and	 racial	 dog	 whistles.	 American	 politics	 has	 never
been	the	same	since.

As	the	Sun	Belt	boomed,	the	technology	of	personal	comfort	had
large	 and	 unexpected	 costs	 that	 were	 just	 beginning	 to	 be
understood.	 In	 1974,	 a	 group	 of	 scientists	 published	 research
suggesting	that	chlorofluorocarbons	(CFCs),	the	chemicals	used	as
refrigerants	 in	 air	 conditioners,	 freezers,	 and	 refrigerators,	 as	 well
as	 in	 aerosol	 spray	 cans,	 could	 deplete	 the	 Earth’s	 ozone	 layer,
which	 protected	 people	 (as	 well	 as	 plants	 and	 wildlife)	 from
damaging	effects	of	the	sun,	including	skin	cancer.	In	1985,	when	a
hole	in	the	atmosphere	was	found	over	Antarctica,	the	ozone	hole
theory	 was	 no	 longer	 a	 theory.	 People	 freaked	 out.	 Within	 two
years,	an	 international	treaty	known	as	the	Montreal	Protocol	was
in	place	that	cut	the	use	of	CFCs	in	half.	The	treaty	was	remarkably
effective,	 a	 textbook	 example	 of	 the	 power	 of	 global	 agreements
when	 everyone	 is	 on	 board.	 Today,	 CFCs	 are	 outlawed	 by	 197
countries	 around	 the	 world	 and	 scientists	 agree	 that	 the	 ozone
layer	is	slowly	recovering.

Unfortunately,	 CFCs	 were	 replaced	 by	 another	 human-made
type	 of	 chemical—hydrofluorocarbons	 (HFCs),	 which	 contain
carbon,	 hydrogen,	 and	 fluorine.	 HFCs	 have	 the	 advantage	 of	 not
destroying	 the	 ozone	 layer.	 But	 they	 have	 the	 disadvantage	 of
being	greenhouse	gases	that	are	up	to	fifteen	thousand	times	more
potent	 than	 CO2.	 Air	 conditioners	 don’t	 burn	 HFCs,	 but	 the	 gas
often	 leaks	 out	 of	 the	 machines	 during	 repairs	 or	 disposal,	 or
whenever	the	piping	in	the	units	becomes	old	and	leaky.	HFCs	are
being	 phased	 out	 over	 the	 next	 several	 decades,	 but	 the	 air-
conditioning	units	that	contain	them	will	linger	for	a	very	long	time.

Air-conditioning	 is	 also	 a	 big	 energy	 suck.	 Globally,	 air-
conditioning	accounts	for	nearly	20	percent	of	the	total	electricity
used	in	buildings,	which	means	it	contributes	a	significant	amount
of	the	greenhouse	gas	pollution	from	buildings	that	are	heating	up
the	 atmosphere.	 The	 hotter	 the	 planet	 gets,	 the	 more	 air-
conditioning	feels	necessary.	The	more	it	feels	necessary,	the	more
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electricity	 is	 required	 to	 power	 it.	And	 as	 long	 as	 some	 portion	 of
that	 electricity	 is	 generated	 by	 fossil	 fuels,	 that	 means	 more
greenhouse	gas	pollution—which	further	heats	up	the	climate.

It’s	 a	 vicious	 cycle.	 And	 it	 is	 even	 more	 vicious	 in	 cities,
especially	 in	 older	 and	 poorer	 neighborhoods,	 where	 old,
inefficient	 window	 air	 conditioners	 hang	 out	 of	 every	 building,
sucking	heat	out	of	the	interior	but	blowing	it	out	into	the	street.	In
this	sense,	air-conditioning	 is	not	a	cooling	technology	at	all—it’s
simply	a	tool	for	heat	redistribution.

Harold	Goodman	died	in	1995	at	the	age	of	sixty-eight.	Some	of	his
coworkers	compared	him	to	Sam	Walton,	the	founder	of	Walmart,
or	 Herb	 Kelleher,	 the	 founder	 of	 Southwest	 Airlines—populist
businessmen	who	built	empires	by	selling	goods	to	the	masses	for
the	 right	 price.	 “He	 was	 most	 proud	 of	 the	 jobs	 he	 created	 for
people,”	 his	 daughter	 Betsy	 told	 me.	 “The	 company	 he	 built	 put
food	 on	 the	 table	 for	 thousands	 of	 people.”	 By	 the	 time	 he	 died,
Goodman	Manufacturing	was	worth	close	to	$1	billion.

For	the	next	decade	or	so,	the	company	was	run	by	Goodman’s
son,	John.	A	private	equity	firm	eventually	bought	the	company	for
$1.5	billion.	They	later	sold	it	for	$3.7	billion	to	Daikin	Industries,	a
Japanese	manufacturing	giant	that	already	had	several	lines	of	air
conditioners	and	was	looking	for	ways	to	expand	its	market	share.
The	 acquisition	 of	 Goodman	 made	 Daikin	 the	 largest	 air-
conditioning	 manufacturer	 in	 the	 world.	 In	 2017,	 Daikin
consolidated	 all	 of	 its	 air-conditioning	 manufacturing,	 sales,	 and
distribution	on	a	five-hundred-acre	campus	about	an	hour	east	of
Houston.	 The	 site	 is	 officially	 known	 as	 the	 Daikin	 Texas
Technology	Center,	but	it’s	sometimes	referred	to	by	a	more	poetic
name:	the	Comfortplex.

The	 Comfortplex	 is	 one	 of	 the	 largest	 factories	 in	 the	 US
(behind	the	Tesla	factory	in	Austin	and	the	Boeing	Everett	Factory
in	 Washington).	 It	 covers	 ninety-four	 acres	 under	 one	 roof	 and
employs	 seven	 thousand	 people.	 It’s	 the	 Taj	 Mahal	 of	 air-
conditioning	 and	 a	 monument	 not	 just	 to	 Harold	 Goodman’s
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achievements,	 but	 to	 the	 ongoing	 human	 effort	 to	 control	 the
Earth’s	climate	one	machine	at	a	time.

Inside,	the	Comfortplex	feels	like	a	giant	Costco,	cheaply	built
to	 build	 machines	 that	 sell	 cheaply.	 Out	 on	 the	 production	 floor,
fifteen-thousand-pound	rolls	of	aluminum	sheets	are	unfurled	and
stamped	 into	 louvers,	 heat	 exchangers,	 and	 other	 air	 conditioner
parts.	Robotic	carts	scoot	around,	carrying	tools	and	parts.	Newly
built	air	conditioners	roll	down	the	production	line,	robotic	soldiers
ready	for	deployment	against	the	enemy	of	heat.	Seven	production
lines	run	24/7.

Globally,	 the	 demand	 for	 air-conditioning	 remains	 insatiable.
There	are	over	one	billion	single-room	air-conditioning	units	in	the
world	 right	 now—about	 one	 for	 every	 seven	 people	 on	 Earth.	 By
2050,	there	are	likely	to	be	more	than	4.5	billion	units,	making	them
as	common	as	cell	phones	today.	Southern	Europe,	Indonesia,	and
the	 Middle	 East	 have	 all	 become	 addicted	 to	 cheap	 cold	 air.	 In
Qatar,	 they	 even	 air-condition	 the	 outdoors:	 open-air	 stadiums
built	for	the	2022	World	Cup	had	cool	air	piped	over	the	fields.	 In
China,	it	was	rare	to	feel	mechanically	chilled	air	twenty	years	ago.
Now	more	than	75	percent	of	homes	in	Beijing	and	Shanghai	have
some	form	of	air-conditioning.	Over	the	last	decade,	10	percent	of
the	 skyrocketing	 electricity	 growth	 in	 China	 has	 been	 due	 to
cooling.	 In	 a	 country	 that	 is	 still	 largely	 dependent	 on	 coal	 for
power,	this	is	a	climate	disaster.2

As	 global	 air-conditioning	 dependence	 rises,	 the	 dangers	 of
brownouts	 and	 blackouts	 rise	 along	 with	 it.	 During	 heat	 waves,
when	 everyone	 cranks	 up	 the	 air-conditioning,	 the	 demand	 for
electrical	 power	 spikes.	 “[In	 2018]	 in	 Beijing,	 during	 a	 heat	 wave,
fifty	percent	of	the	power	capacity	was	going	to	air-conditioning,”
John	Dulac,	an	analyst	at	the	International	Energy	Agency,	told	The
Guardian.	“These	are	‘oh,	shit’	moments.”	Here	in	Texas,	every	heat
wave	 is	 a	 nail-biter,	 with	 warnings	 coming	 from	 utilities	 to	 reduce
power	consumption	or	face	rolling	blackouts.	On	days	when	power
demand	is	spiking,	a	small	problem	on	the	grid	can	easily	cascade,
threatening	the	stability	of	the	entire	system.	And	if	power	goes	out
for	 long	 on	 a	 hot	 day,	 businesses	 shut	 down,	 schools	 close,	 and
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people	die.
Consider	 what	 happened	 in	 Hollywood,	 Florida,	 in	 2017.	 A

gentle	 sideswipe	 by	 Hurricane	 Irma	 knocked	 out	 power	 at	 a
nursing	home	for	several	days,	 leaving	 it	without	air-conditioning.
Outside,	 the	 temperature	 was	 only	 in	 the	 mideighties—hardly	 a
heat	apocalypse.	But	 inside	the	nursing	home,	 in	the	poorly	built,
poorly	 ventilated,	 air-conditioning-dependent	 building,	 the
temperature	 soared,	 especially	 on	 the	 upper	 floors.	 The	 nursing
staff	 ignored	 the	 slowly	 broiling	 patients.	 It	 wasn’t	 until	 two	 days
after	 the	 power	 failed	 that	 someone	 finally	 called	 911.	 When
Lieutenant	 Jeff	 Devlin	 from	 the	 Hollywood	 Police	 Department
arrived,	“It	was	markedly	hotter	 in	the	inside	than	the	outside,”	he
later	 testified	 in	 court.	 “The	 smell	 of	 urine	 and	 feces	 immediately
hit	 me.”	 Twelve	 patients	 died,	 some	 with	 body	 temperatures	 as
high	as	108	degrees.

Air-conditioning	 is	 a	 distinctly	 American	 invention,	 as	 red,	 white,
and	blue	as	a	double	cheeseburger	with	a	Coke	and	a	side	of	fries.
And	like	hamburgers	and	Cokes,	it	quickly	went	from	an	American
curiosity	 to	 a	 global	 addiction.	 “Comfort	 is	 valued	 because	 it
promises	consistency,	normalcy,	and	predictability,	which	allow	for
increased	 productivity	 or	 a	 good	 night’s	 sleep,”	 architectural
historian	 Daniel	 Barber	 wrote	 in	 an	 essay	 about	 our	 addiction	 to
air-conditioning.	 “Comfort	 indicates	 that	 one	 has	 risen	 above	 the
inconsistencies	of	the	natural	world	and	triumphed,	not	only	over
nature	 and	 the	 weather,	 but	 over	 chance	 itself.	 We	 can	 rely	 on
comfort.	It	will	be	there	when	we	get	back.”

It’s	a	false	victory,	however.	The	quest	for	comfort	at	all	costs—
or	to	be	more	precise,	the	sense	that	comfort	is	an	inalienable	right
of	 modern	 life—is	 wreaking	 havoc	 on	 our	 world.	As	 Barber	 put	 it,
“Comfort	is	destroying	the	future,	one	click	at	a	time.”

There	 are	 ways	 to	 limit	 the	 damage.	 The	 most	 obvious	 one,
which	I’ve	mentioned	earlier	and	will	say	again:	stop	burning	fossil
fuels	and	move	to	clean	energy.	That	may	happen	in	some	places
faster	than	you	think	(at	least	for	electricity	generation).	But	it	will
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also	happen	in	some	places	more	slowly	than	you	might	hope.	So
increasing	 the	 efficiency	 of	 air	 conditioners	 can	 help	 (in	 the	 US,
new	efficiency	standards	take	effect	in	2023).

Another	way	 is	 to	think	differently	about	how	we	build	things.
The	rise	of	air-conditioning	accelerated	the	construction	of	sealed
boxes,	 where	 the	 building’s	 only	 airflow	 is	 through	 the	 filtered
ducts	 of	 the	 air-conditioning	 unit.	 It	 doesn’t	 have	 to	 be	 this	 way.
Look	 at	 any	 old	 building	 in	 a	 hot	 climate,	 whether	 it’s	 in	 Sicily	 or
Marrakesh	 or	 Tehran.	 Architects	 understood	 the	 importance	 of
shade,	 airflow,	 insulation,	 light	 colors.	 They	 oriented	 buildings	 to
capture	cool	breezes	and	deflect	the	worst	heat	of	 the	afternoon.
They	 built	 with	 thick	 walls	 and	 white	 roofs	 and	 transoms	 over
doors	 to	 encourage	 airflow.	 Anyone	 who	 has	 ever	 spent	 a	 few
minutes	in	an	adobe	in	Tucson,	or	walked	on	the	narrow	streets	of
old	Seville,	knows	how	well	these	construction	methods	work.	But
all	 this	 wisdom	 about	 how	 to	 deal	 with	 heat,	 accumulated	 over
centuries	 of	 practical	 experience,	 is	 all	 too	 often	 ignored.	 In	 this
sense,	 air-conditioning	 is	 not	 just	 a	 technology	 of	 personal
comfort;	it	is	also	a	technology	of	forgetting.

In	 the	 end,	 the	 most	 enduring	 legacy	 of	 air-conditioning	 may
be	the	divide	it	has	created	between	the	cool	and	the	damned.	And
the	 hotter	 it	 gets,	 the	 bigger	 that	 gap	 will	 grow.	 This	 is	 not	 a
technological	failure	as	much	as	it	is	a	cultural	and	psychological
issue.	The	 simple	 truth	 is	 that	 in	 the	 second	 half	 of	 the	 twentieth
century,	 prosperous	Americans	 got	 hooked	 on	 comfort,	 with	 little
thought	about	the	cost	of	that	comfort	to	others,	to	the	welfare	of
other	species,	or	to	the	world	around	them.	That	addiction	has	now
spread	 to	 millions	 of	 people	 around	 the	 world,	 who	 find	 they	 too
cannot	live	without	cheap	cold	air.

Footnotes
1	The	day	after	Faulkner	died,	his	wife,	Estelle,	had	a	window-unit	air	conditioner	 installed	 in	her
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1	The	day	after	Faulkner	died,	his	wife,	Estelle,	had	a	window-unit	air	conditioner	 installed	 in	her

upstairs	bedroom.
2	Rising	heat	also	has	a	big	impact	on	AC	demand.	“If	you	want	to	cool	your	house	to	seventy-five
degrees	and	the	outside	temperature	increases	from	ninety-five	degrees	to	ninety-eight	degrees,
that	small	change	means	you	need	one-point-three	times	more	energy	to	cool,”	Andrew	Dessler,	a
climate	scientist	at	Texas	A&M,	told	me.	That’s	30	percent	more	power,	which	means	a	30	percent

higher	electricity	bill,	just	for	a	three-degree	increase	in	temperature.	
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12.	WHAT	YOU	CAN’T	SEE	WON’T
HURT	YOU

IN	 JUNE	 OF	 2021,	 The	 Telegraph,	 a	 UK-based	 newspaper,	 assigned
thirty-three-year-old	 Pakistani	 photographer	 Saiyna	 Bashir	 to
accompany	 reporter	 Ben	 Farmer	 to	 Jacobabad,	 a	 city	 of	 two
hundred	thousand	people	in	Sindh	province	in	central	Pakistan,	for
a	story	about	extreme	heat.	It	was	a	story	she	had	been	wanting	to
do	for	several	years,	in	part	because	as	a	photojournalist	she	was
interested	 in	 chronicling	 the	 lives	 of	 people	 whom	 the	 rest	 of	 us
often	choose	not	to	see:	families	living	with	HIV,	Pakistani	women
scarred	from	acid	attacks,	children	wandering	alone	 in	camps	for
Afghan	refugees.	People	living	in	extreme	heat	fascinated	her	in	a
similar	way.

If	there	was	anywhere	in	the	world	you	would	go	to	photograph
heat,	it	would	be	Jacobabad.	By	any	metric,	it	is	one	of	the	hottest
cities	on	Earth.	A	few	weeks	before	Bashir’s	visit,	 the	temperature
had	hit	126	degrees	every	day	for	more	than	a	week.	Worse,	it	was
a	 thick,	 wet	 heat—the	 deadliest	 kind.	 And	 there	 was	 not	 much
relief.	Two	hundred	and	twenty	million	people	live	in	Pakistan,	but
there	are	fewer	than	a	million	air	conditioners	in	the	country.

It’s	 important	 to	 underscore	 that	 killer	 heat	 is	 not	 something
Pakistanis	 brought	 on	 themselves.	 Pakistan	 produces	 about	 one
half	of	one	percent	of	 the	world’s	CO2	emissions.	On	a	per	capita
basis,	 each	 Pakistani	 is	 responsible	 for	 less	 than	 one-fifteenth	 as
much	CO2	as	each	American.	It’s	how	the	climate	crisis	works:	the
rich	pollute,	the	rest	suffer.

Bashir	was	born	in	Karachi,	but	because	her	father	was	in	the
military,	he	was	constantly	getting	transferred—“I	grew	up	all	over
the	country,”	she	told	me.	She	began	taking	pictures	when	she	was
a	teenager	but	never	really	dreamed	she	could	make	a	career	out
of	 it.	 In	 2014,	 she	 left	 Pakistan	 to	 study	 journalism	 at	 Columbia
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College	Chicago	and	ended	up	getting	a	job	as	a	photographer	at	a
newspaper	 in	 Madison,	 Wisconsin.	 She	 donned	 a	 gas	 mask	 and
photographed	 the	 riots	 in	 Ferguson,	 Missouri,	 that	 erupted	 after
the	 fatal	 shooting	 of	 Michael	 Brown	 by	 police	 officer	 Darren
Wilson.	 She	 got	 screamed	 at	 by	 Trump	 supporters	 while
photographing	 his	 rallies	 during	 the	 2016	 campaign.	 She
photographed	homeless	people	freezing	on	the	streets	of	Chicago.
Her	 photos	 won	 awards	 and	 gave	 her	 the	 confidence	 in	 her
abilities.	 She	 moved	 back	 to	 Islamabad,	 got	 married,	 and	 now
works	 as	 a	 freelance	 assignment	 photographer	 for	 the	New	York
Times,	 the	Washington	 Post,	 and	 many	 others.	 She	 sees	 herself
following	 in	 the	 footsteps	 of	 great	 women	 photojournalists	 like
Carol	 Guzy	 and	 Lynsey	 Addario	 who	 cover	 war	 and	 humanitarian
crisis	around	the	world.

For	 a	 photojournalist,	 heat	 is	 a	 difficult	 subject.	 What	 is	 the
visual	 reference	 for	 heat?	A	 glaring	 sun?	A	 melting	 ice	 cube?	The
story	that	needs	to	be	told	about	heat	is	the	story	of	what	it	does	to
life,	human	and	otherwise.	But	how	do	you	make	visible	the	story
of	an	invisible	killer?

Like	 most	 journalists,	 Bashir	 has	 a	 fundamental	 interest	 in
chronicling	 what	 extreme	 conditions	 reveal	 about	 human
character.	Her	work	is	a	way	of	expressing	her	awe	at	the	courage
and	 toughness	 of	 people.	 But	 her	 work	 is	 important	 for	 other
reasons	too.	A	single	great	picture	can	change	the	world.	The	Blue
Marble	photo	taken	from	Apollo	17	in	1972	gave	millions	of	people	a
new	 perspective	 on	 our	 place	 in	 the	 universe	 and	 helped	 inspire
the	 environmental	 movement.	 John	 Filo’s	 photo	 of	 the	 woman
kneeling	over	the	body	of	a	Kent	State	University	student	after	he
was	 shot	 by	 the	 National	 Guard	 during	 a	 protest	 against	 the
invasion	of	Cambodia	in	1970	changed	how	millions	of	Americans
thought	about	their	government.	Once	you	have	looked	at	“Falling
Man,”	the	photo	by	Associated	Press	photographer	Richard	Drew	of
a	 man	 plunging	 headfirst	 off	 the	 World	 Trade	 Center,	 you’ll	 never
think	about	the	September	11	attack	the	same	way	again.	Pictures
of	 Martin	 Luther	 King	 Jr.’s	 Selma-to-Montgomery	 march	 remain
touchstones	 in	 the	 fight	 for	 justice	 and	 equity.	 And	 I	 don’t	 mean
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that	 in	 a	 sentimental	 way.	 These	 images	 have	 changed	 laws,
shifted	politics,	redefined	our	past	and	our	future.

But	there	are	no	iconic	images	of	extreme	heat.	The	difficulty	of
photographing	heat	is	obviously	one	reason	for	that.	Another	may
be	 that	 our	 cultural	 awareness	 of	 the	 risks	 of	 extreme	 heat	 is	 so
rudimentary	that	 it’s	not	seen	as	a	worthy	subject.	To	photograph
heat,	you	have	to	see	it	in	a	way	that	goes	beyond	sweat	or	melting
ice.	 Photojournalists	 like	 Bashir	 do	 not	 pretend	 to	 be	 artists,	 but
sometimes	their	work	can	approach	art—that	is,	they	can	create	a
photo	 that	 transcends	 the	 surface	 reality	 of	 the	 moment	 and
captures	 something	 deeper	 about	 human	 nature	 and	 human
suffering.

Bashir	and	Farmer	and	their	driver	headed	out	of	Islamabad	at	7:30
a.m.	in	a	rented	Toyota	that,	blessedly,	had	air-conditioning.	It	was
an	eight-hour	trip	north	along	the	floodplains	of	the	Indus	River.	It
was	 a	 better	 road	 than	 it	 used	 to	 be,	 now	 that	 the	 Chinese	 had
poured	 money	 into	 Pakistan	 for	 road	 development	 and
improvement.	After	driving	all	day,	they	stayed	in	a	small	hotel	near
the	city	of	Larkana.	The	next	morning,	they	were	up	early,	traveling
through	 a	 parched,	 treeless	 landscape	 of	 cotton	 and	 rice	 fields.
The	road	was	crowded	with	shepherds	tending	their	goats,	trucks
overloaded	 with	 old	TVs	 and	 furniture,	 motorbikes	 buzzing	 by	 like
swarms	 of	 flies.	 They	 stopped	 so	 Bashir	 could	 take	 photos	 of	 a
man	 under	 a	 red-and-yellow	 awning	 who	 was	 selling	 thadal,	 a
drink	made	of	water,	sugar,	milk,	dried	fruits,	pepper,	and	almonds
that	 many	 Pakistanis	 (including	 Bashir)	 believe	 help	 with	 cooling.
He	kept	the	thadal	in	an	orange	cooler,	ladling	it	out	in	plastic	cups
to	 sweaty	 motorbikers	 who	 stopped	 to	 enjoy	 some	 shade.	 It	 was
only	 9	 a.m.,	 but	 the	 temperature	 was	 already	 more	 than	 100
degrees.	 It	 was	 forecast	 to	 hit	 115	 later	 in	 the	 day—hot,	 but	 not
record-breaking	hot.

A	half	hour	later,	they	entered	Jacobabad.	It	was	a	tangled	nest
of	 heat	 and	 commerce:	 sketchy-looking	 banks,	 fruit	 stands,	 a
drugstore,	 a	 spaghetti	 of	 wires	 overhead,	 Sindhi	 pop	 blaring	 from
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donkey	 carts,	 the	 smells	 of	 cardamom	 and	 motorbike	 exhaust.
Victoria	Tower,	 a	 monument	 to	 colonialism	 that	 was	 built	 in	 1887,
stood	 like	 a	 dried-out	 skeleton	 in	 the	 center	 of	 the	 city.	 Everyone
was	dressed	for	heat:	both	men	and	women	wore	colorful	kameez
(a	 type	 of	 long	 tunic	 or	 shirt)	 made	 of	 cotton	 lawn,	 and	 loose,
billowy	pants.	Women	wore	a	dupatta,	a	traditional	scarf,	over	their
heads.

There	was	no	shade,	no	relief.	Whatever	trees	had	once	grown
in	the	city	had	long	ago	been	cut	down	for	firewood—what	was	left
was	just	a	few	saplings	here	and	there	that	someone	had	planted
with	the	vague	hope	that	they	could	escape	the	axe	and	someday
provide	relief	from	the	sun.	Only	local	officials,	the	police,	and	the
hospital	 are	 lucky	 enough	 (and	 wealthy	 enough)	 to	 have	 air-
conditioning.	 But	 even	 for	 them,	 the	 power	 is	 so	 unreliable	 that
they	 can’t	 depend	 on	 it.	 Not	 long	 ago	 in	 Sahiwal,	 a	 neighboring
city,	 the	 extreme	 heat	 combined	 with	 a	 power	 outage	 had	 killed
eight	babies	in	a	hospital	ICU	when	the	air-conditioning	cut	out.

The	night	before,	Bashir	had	made	a	 list	of	things	she	wanted
to	 look	 for	 and	 photograph.	 She	 knew,	 for	 example,	 that	 most
Pakistani	towns	have	a	local	 ice	factory.	That	might	be	promising.
But	mostly	she	just	needed	to	keep	her	eyes	open.	Like	most	good
journalists,	she	doesn’t	know	what	she	is	looking	for	until	she	finds
it.

Bashir	and	Farmer	headed	first	to	the	town	square,	where	men
were	 selling	 ice	 from	 wooden	 carts	 shaded	 by	 plastic	 tarps
propped	up	with	bamboo	poles.	Each	cart	had	five	or	six	blocks	of
ice,	pushed	close	together	to	slow	the	melting.	People	lined	up	to
buy	small	chunks	of	ice	to	take	home	to	use	in	their	water	coolers
so	their	families	would	have	cold	water	to	drink	during	the	worst	of
the	 heat.	 In	 exchange	 for	 a	 few	 rupees,	 the	 ice	 men	 used	 mean-
looking	machetes	to	hack	off	shards	of	 ice,	which	they	put	 into	a
used	 plastic	 shopping	 bag	 for	 people	 to	 carry	 home.	 Customers
smiled—having	a	bag	of	ice	felt	lucky,	even	hopeful.	Some	reached
in	with	a	dirty	hand	and	grabbed	a	small	piece	and	slipped	it	into
their	mouth.	Nearby,	donkeys	stood	quietly,	staring	at	the	ice,	their
ears	 pinned	 back	 as	 if	 the	 heat	 were	 pressing	 down	 on	 them.



ears	 pinned	 back	 as	 if	 the	 heat	 were	 pressing	 down	 on	 them.

Bashir	 snapped	 away	 with	 her	 Canon	 EOS	 5D—a	 piece	 of
technology	 that,	 she	 knew	 very	 well,	 was	 worth	 more	 than	 any	 of
these	 men	 earned	 in	 a	 year.	 She	 didn’t	 feel	 bad	 about	 that.	 But	 it
did	inspire	her	to	take	her	job	seriously.	It	was	a	privilege	to	be	on
the	other	side	of	the	camera.

As	 midday	 approached,	 the	 temperature	 hit	 110	 degrees.
Bashir,	following	Muslim	tradition,	had	to	keep	herself	covered:	she
wore	a	black-and-white	kameez,	a	white	dupatta,	and	black	pants.
An	 hour	 or	 so	 was	 all	 she	 could	 handle	 before	 she	 had	 to	 take
refuge	in	the	air-conditioned	Toyota.

They	drove	out	to	the	ice	factory,	which	was	in	what	looked	like
a	dilapidated	warehouse	in	an	industrial	section	of	the	city.	Bashir
and	 Farmer	 stepped	 into	 a	 big,	 open	 room	 with	 a	 pulley	 on	 the
ceiling	and	steel	doors	on	the	floor.	It	was	blessedly	cool	in	there.
One	of	the	workers	explained	to	Bashir	the	process	of	 ice-making
—it’s	 just	 like	 a	 giant	 refrigerator,	 compressing	 fluid	 to	 heat	 it	 up,
then	 letting	 it	 expand	 and	 chill.	 He	 showed	 her	 the	 big	 radiator
tubes	 outside,	 where	 the	 heat	 is	 released,	 then	 the	 noisy	 room
where	 the	 compressor	 runs,	 a	 big	 wheel	 spinning.	 She
photographed	 it	 all—the	 loud,	 clanking,	 Dickensian	 machinery	 of
cool.	She	shot	workers	rolling	the	pulley	over	the	steel	doors	in	the
floor	and	using	the	hoist	to	haul	five-foot-long	pillars	of	ice	out	of
the	 floor.	 The	 best	 images	 were	 not	 of	 the	 ice	 itself,	 but	 of	 the
fatigue	on	the	faces	of	workers	who	were	sitting	against	the	wall,
worn	out	from	manufacturing	ice	 in	a	hot,	hot	world.	She	glanced
at	the	screen	of	her	Canon.	The	 images	were	good.	But	were	they
good	enough?

Bashir	and	Farmer	moved	on.	In	an	informal	settlement	nearby,
Bashir	 saw	 a	 woman	 lying	 on	 a	 woven	 bed	 called	 a	 charpoy.
Charpoys	 are	 well	 engineered	 for	 heat,	 with	 the	 jute	 webbing
elevated	 a	 foot	 or	 so	 off	 the	 ground	 to	 allow	 air	 to	 circulate
beneath	it.	Bashir	asked	the	woman,	whose	name	was	Shama	Ajay,
if	she	could	photograph	her.	The	woman	nodded	but	didn’t	move.
She	lay	on	her	side,	staring	at	Bashir’s	lens.	She	was	young,	maybe
midtwenties,	 wearing	 a	 wine-red	 kameez	 with	 beautiful
embroidery	on	the	front.	She	looked	almost	liquid	in	the	heat,	one



embroidery	on	the	front.	She	looked	almost	liquid	in	the	heat,	one

hand	 resting	 on	 her	 stomach,	 the	 other	 near	 her	 head,	 her	 dark-
brown	eyes	looking	straight	at	the	camera,	as	if	to	suggest	that	you
—whoever	you	are,	looking	at	her	photo—are	complicit	in	all	this.

As	 Bashir	 and	 Farmer	 traveled	 through	 the	 city,	 Bashir	 found
moments	worth	capturing:	old	men	drinking	tea	at	an	outdoor	café.
A	 boy	 selling	 handmade	 jute	 fans	 on	 the	 street.	A	 man	 sprinkling
water	on	tomatoes	and	okra	and	potatoes	at	a	vegetable	stand	to
keep	 them	 cool.	 Barefoot	 workers	 at	 a	 rice	 mill,	 raking	 a	 fifteen-
foot-high	 pile	 of	 golden	 rice	 and	 loading	 it	 into	 sacks.	And	 in	 the
market,	a	man	dressed	 in	white	selling	extension	cords	and	small
rotating	 fans,	 which	 he	 ran	 off	 a	 portable	 battery	 on	 the	 ground
beside	him.	They	were	all	good	images,	capturing	life	in	the	city	of
heat.	 Many	 of	 them	 showed	 human	 resilience	 and	 ingenuity	 and
strength.	Still,	they	were	not	quite	good	enough.

Finally,	 their	 guide	 suggested	 they	 go	 to	 the	 water	 station,
where	 men	 (and	 in	 a	 rigidly	 patriarchal	 society	 like	 Pakistan,	 they
are	all	men)	fill	donkey	carts	with	blue	plastic	containers	of	water,
which	 they	 then	 sell	 for	 fifty	 rupees	 (about	 twenty-five	 cents)	 to
people	in	their	neighborhoods.

The	 water	 station	 was	 on	 the	 outskirts	 of	 the	 city	 and
amounted	to	little	more	than	a	concrete	wall	with	five	water	pipes
attached	to	it	at	shoulder	height.	On	each	pipe	was	a	rubber	hose.
Water	vendors	load	up	their	carts	full	of	containers	of	water,	which
they	then	delivered	around	town.	When	Bashir	arrived,	there	were
several	 donkey	 carts	 at	 the	 station,	 and	 she	 photographed	 them
going	about	their	work.	The	images	weren’t	very	interesting.

Then	she	watched	a	man	leave	his	donkey	cart	to	the	side	and
walk	 up	 to	 the	 plastic	 hose	 alone.	 He	 was	 middle-aged,	 with	 a
beard	and	faraway	eyes,	wearing	a	plain	ivory-colored	kameez	and
bright	 orange-and-blue	 rubber	 sandals.	 His	 name,	 Bashir	 would
later	learn,	was	Mehboob	Ali.	Ali	did	something	very	unusual	for	a
Pakistani	 man	 to	 do	 in	 public,	 even	 in	 the	 extreme	 heat	 of	 a
summer	 afternoon:	 he	 sat	 down	 and	 grabbed	 the	 water	 hose	 and
raised	it	over	his	head	and	soaked	himself	with	water.	 It	was	as	 if
he	 were	 sitting	 under	 a	 waterfall—he	 was	 completely	 soaked,
sitting	 there	 on	 the	 concrete,	 everyone	 looking	 at	 him.	 Bashir



sitting	 there	 on	 the	 concrete,	 everyone	 looking	 at	 him.	 Bashir

started	snapping	pictures.	He	didn’t	even	notice	her.	He	moved	the
hose	around	above	his	head,	water	splashing	over	his	face.

In	 one	 image,	 a	 close-up	 of	Ali’s	 face,	 his	 hands	 raised	 above
him	holding	the	hose,	his	eyes	closed,	she	got	something	special.
Water	 hangs	 like	 icicles	 off	 his	 moustache	 and	 beard.	 His	 face,
covered	with	water,	reveals	a	bliss	that	is	the	inverse	of	the	pain	he
endured	 from	 the	 heat.	 It	 feels	 like	 a	 very	 private	 moment,	 the
transition	 between	 a	 man’s	 suffering	 and	 his	 relief.	 The	 photo
captures	 the	 brutality	 of	 heat	 while	 also	 suggesting	 redemption
from	 it.	 “I	 like	 this	 image	 because	 of	 the	 calmness	 in	 his
expression,”	Bashir	told	me	later,	after	I	had	seen	the	photo	in	The
Telegraph	 online.	 Even	 in	 one	 of	 the	 hottest	 and	 most	 hellish
places	on	Earth,	Bashir’s	photo	suggests,	you	can	be	saved.

The	way	we	communicate	about	extreme	heat	is	often	distorted	by
nostalgia	for	a	climate	that	no	longer	exists.	In	July	2022,	when	the
high	 temperature	 in	 Austin	 shattered	 records	 that	 went	 back	 to
1898	 by	 eight	 degrees,	 the	 local	 news	 station	 illustrated	 the	 story
of	 the	 heat	 wave	 with	 images	 of	 people	 playing	 with	 dogs	 in	 the
park.	 It	 reminded	 me	 of	 a	 New	 Yorker	 cartoon	 I’d	 seen	 of	 two
people	standing	below	a	fire-breathing	dragon	that	is	torching	their
house:	 “I	 know	 that	 it	 comes	 earlier	 every	 year,	 and	 is	 destroying
the	future	for	our	grandchildren,	but	I’ll	be	damned	if	that	extra	bit
of	warmth	isn’t	nice.”

Part	of	this	distortion	has	to	do	with	the	simple	fact	that	people
love	warm	weather.	I’ve	spent	a	lot	of	time	in	very	cold	places,	from
Greenland	 to	 Antarctica,	 and	 I	 find	 them	 exotic	 and	 thrilling.	 But
how	 many	 ads	 have	 you	 seen	 from	 airlines	 and	 travel	 companies
of	 hammocks	 and	 lounge	 chairs	 covered	 with	 ice?	 We	 are
constantly	 bombarded	 by	 images	 that	 suggest	 that	 if	 paradise
does	exist,	it	is	warm	and	sunny.

And	in	some	sense,	that’s	not	surprising.	Love	of	heat	is	in	our
genes.	 A	 recent	 study	 compared	 temperature	 and	 air	 moisture
levels	 in	 thirty-seven	 US	 homes	 to	 outdoor	 climates	 around	 the
world.	They	found	that	in	all	but	three	of	the	homes,	the	preferred



world.	They	found	that	in	all	but	three	of	the	homes,	the	preferred

temperature	was	72	degrees,	with	low	humidity,	a	combination	that
most	 closely	 resembled	 the	 temperature	 and	 humidity	 in	 East
Africa—the	 same	 region	 of	 the	 continent	 where	 the	 first	 humans
lived	 hundreds	 of	 thousands	 of	 years	 ago.	 As	 Mark	 Maslin,	 a
paleoclimatologist	 at	 University	 College	 London,	 observed,	 the
findings	 suggest	 that	 even	 when	 people	 can	 set	 the	 temperature
and	humidity	at	whatever	they	want,	“they	then	choose	something
that	harks	back	a	hundred	thousand	years	to	Africa.”

Adding	to	the	complexity	of	how	we	communicate	about	heat
waves	are	the	various	measurements	and	indexes	that	are	used	to
quantify	 heat.	 There	 is	 temperature	 and	 humidity,	 of	 course.	 But
there	 is	 also	 a	 heat	 index,	 “feels	 like”	 temperature,	 “apparent
temperature,”	 wet	 bulb	 temperature,	 and	 wet	 bulb	 globe
temperature,	 as	 well	 as	 proprietary	 indexes	 such	 as	 RealFeel	 that
are	 pushed	 by	 companies	 like	AccuWeather	 (see	 the	 glossary	 for
definitions	of	these	various	heat	metrics).	It	doesn’t	help	that	most
of	the	world	uses	the	Celsius	scale	for	temperature,	while	the	US
(along	 with	 the	 Cayman	 Islands	 and	 Liberia)	 uses	 the	 Fahrenheit
scale.	 All	 in	 all,	 it’s	 no	 surprise	 that	 people	 are	 confused	 about
when	heat	crosses	the	boundary	from	something	that	feels	good	to
something	that	can	kill	you.

One	big	problem	with	communicating	about	heat	waves	is	simply
defining	 what	 a	 heat	 wave	 actually	 is.	 A	 tropical	 storm	 or	 a
hurricane	is	defined	by	wind	speed.	A	drought	is	defined	by	lack	of
rain.	 But	 what	 defines	 a	 heat	 wave?	 Is	 it	 105	 degrees?	 Is	 it	 110
degrees?	And	how	long	does	it	have	to	last—an	hour?	A	day?	Three
days?	And	 what	 about	 humidity—how	 do	 you	 factor	 that	 into	 the
definition	of	a	heat	wave?

Here	 again,	 the	 invisibility	 of	 heat	 contributes	 to	 the	 problem.
Visually,	 we	 all	 know	 what	 the	 spinning	 eye	 of	 a	 hurricane	 looks
like,	and	how	as	the	wind	speed	of	the	storm	increases,	the	eye	of
the	 storm	 expands.	 For	 weathercasters,	 it	 is	 fairly	 easy	 to	 project
the	 path	 of	 the	 storm	 as	 it	 strengthens.	 But	 heat	 waves	 have	 no
visuals.	There	is	no	spinning	eye,	no	trajectory.	Weathercasters	talk
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about	 things	 like	 “heat	 domes,”	 but	 that’s	 a	 metaphorical
description,	based	on	the	buildup	of	high	pressure	in	a	certain	area
—you	can’t	track	the	movement	of	a	heat	dome,	and	you	can’t	look
out	your	window	and	see	it.

With	 hurricanes,	 the	 question	 of	 which	 storms	 to	 name	 is
purely	 meteorological:	 if	 the	 wind	 speed	 rises	 above	 thirty-eight
miles	 per	 hour,	 the	 storm	 gets	 a	 name.	 It	 is	 simple	 and
straightforward.

But	there	is	no	comparable	metric	for	heat	waves.	It	is	not	just
that	 a	 99-degree	 day	 in	 Buffalo	 feels	 very	 different	 from	 a	 99-
degree	day	in	Las	Vegas.	It’s	that	the	people	who	live	in	Buffalo	are
less	 likely	 to	 have	 air-conditioning,	 and	 so	 they	 are	 more
vulnerable.	People	 in	Buffalo	are	 likely	to	know	less	about	how	to
deal	with	heat	than	people	in	Las	Vegas	and	are	less	likely	to	check
on	 family	 and	 friends	 who	 might	 need	 help.	 In	 short,	 heat	 waves
are	 more	 like	 stories	 than	 meteorological	 events.	 Each	 one	 has	 a
particular	setting,	a	cast	of	characters,	and	different	dramatic	flash
points.

In	this	sense,	heat	waves	are	the	opposite	of	earthquakes.	For
centuries,	 earthquake	 intensity	 was	 measured	 by	 how	 much	 the
chandeliers	 swung	 or	 how	 many	 houses	 fell	 down.	 Then	 in	 1935,
American	 seismologist	 Charles	 Richter	 developed	 the	 Richter
magnitude	scale	to	describe	the	intensity	of	an	earthquake.	Richter
used	 a	 seismograph	 to	 measure	 actual	 Earth	 motion	 (seismic
waves)	 during	 earthquakes,	 then	 plotted	 these	 waves	 on	 a
logarithmic	 scale	 in	 which	 each	 point	 was	 ten	 times	 greater	 than
the	 previous	 (a	 magnitude	 7	 is	 ten	 times	 greater	 than	 a	 6,	 and	 a
hundred	times	greater	than	a	magnitude	5).	It	was	the	first	ranking
of	 a	 natural	 event	 that	 measured	 risk	 in	 a	 scientifically	 rigorous
way.

In	contrast,	the	heat	wave	ranking	system	used	by	the	National
Weather	 Service	 (NWS)	 has	 very	 little	 scientific	 rigor.	 The	 NWS
ranks	heat	 in	three	categories:	watches,	warnings,	and	advisories.
Heat	 watches	 are	 the	 least	 severe	 in	 this	 ranking	 system;	 heat
advisories	 are	 the	 most	 severe.	 But	 exactly	 what	 defines	 each	 of
those	categories	is	left	up	to	local	NWS	field	offices.	For	example,
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this	 is	 the	 guidance	 that	 NWS	 offers	 local	 field	 offices	 for	 an
Excessive	Heat	Warning:

Heat	 Index	 values	 forecast	 to	 meet	 or	 exceed	 locally
defined	 warning	 criteria	 for	 at	 least	 two	 days	 (Typical
values:	 1)	 Maximum	 daytime	 Heat	 Index	 ≥	 105°F	 north	 to
110°F	south	and	2)	Minimum	nighttime	lows	≥75°F).
Many	 things	 are	 confusing	 about	 this	 system.	 Who	 can	 keep

straight	 the	 difference	 between	 a	 warning,	 an	 advisory,	 and	 a
watch?	I	can’t,	and	none	of	my	friends	and	family	can	either.	Why	is
a	 heat	 index	 of	 105	 degrees—as	 opposed	 to,	 say,	 104	 or	 106—the
trigger	point	for	a	heat	advisory	in	the	North?	And	where	exactly	do
they	 draw	 the	 line	 between	 North	 and	 South?	The	 NWS	 says	 the
vagueness	 is	 deliberate,	 so	 local	 conditions	 can	 be	 factored	 into
the	 rankings.	 “We	 leave	 a	 great	 deal	 of	 discretion	 to	 local	 field
offices,”	 Kimberly	 McMahon,	 a	 NWS	 Public	 Weather	 Services
program	 manager,	 told	 me.	 But	 the	 end	 result	 is	 too	 often
confusion	and	a	lack	of	urgency.

Another	 problem:	 there’s	 not	 much	 evidence	 that	 these
warnings	make	much	difference.	One	2018	study	found	that	NWS
heat	 alerts	 were	 associated	 with	 a	 statistically	 significant
reduction	 in	 mortality	 in	 only	 one	 of	 the	 twenty	 cities	 studied.
Moreover,	there	is	no	standard	for	heat	alerts,	and	each	of	the	116
NWS	 field	 offices	 is	 free	 to	 make	 its	 own	 decisions	 about	 what
metric	 to	 use	 for	 alerts	 and	 when	 to	 issue	 them,	 leading	 to	 some
places	getting	lots	of	heat	alerts	and	some	places	getting	very	few.
Making	matters	worse,	the	alerts	are	not	issued	in	places	that	need
it	most.	As	the	study	put	it:	“The	spatial	pattern	in	heat	alerts	was
not	correlated	with	heat	attributable	mortality,	suggesting	that	the
current	approach	may	not	well	align	with	heat-health	risk.”

Nobody	 should	 die	 in	 a	 heat	 wave.	 People	 die	 because	 they	 are
alone	 and	 don’t	 know	 what	 to	 do	 and	 don’t	 ask	 for	 help.	 Or	 they
don’t	 have	 air-conditioning	 (or	 the	 money	 to	 run	 it).	 Or	 they	 can’t
get	 to	 a	 cooling	 center.	 Or	 they	 are	 afraid	 that	 their	 employer	 will
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fire	them	if	they	stop	working.
Moreover,	 people	 die	 because	 they	 don’t	 understand	 the

warning	 signs	 of	 heat	 exhaustion	 and	 heatstroke	 or	 don’t	 take
precautions	 and	 ask	 for	 help	 when	 those	 warning	 signs	 appear.
There	 is	 so	 much	 ignorance	 and	 confusion	 about	 what	 to	 do	 in
extreme	 heat	 situations.	 Do	 you	 turn	 on	 a	 fan	 and	 open	 the
windows?	 How	 much	 water	 should	 you	 drink?	 Should	 you	 take	 a
cold	 bath?	 Is	 it	 good	 or	 bad	 to	 sweat	 a	 lot?	 If	 your	 heart	 starts
racing	does	it	mean	you’re	going	to	have	a	heart	attack?

This	 is	 the	 basic	 problem	 that	 Kathy	 Baughman	 McLeod
understood	when	she	decided	to	make	extreme	heat	the	focus	of
the	 Adrienne	 Arsht-Rockefeller	 Foundation	 Resilience	 Center.1

Arsht-Rock,	which	was	founded	in	2019,	is	a	nonprofit	venture	that
started	with	only	one	directive:	to	increase	the	resilience	of	people
in	 a	 world	 ravaged	 by	 climate	 change.	 Baughman	 McLeod	 could
have	focused	her	attention	on	a	number	of	deserving	issues,	from
food	security	to	hurricane	preparedness.	But	after	thinking	about	it
for	 a	 few	 months	 and	 talking	 with	 other	 climate	 groups,	 she
decided	 that	 the	 risks	 and	 impacts	 of	 extreme	 heat	 were	 not
getting	 anywhere	 near	 the	 attention	 they	 deserved.	 In	 fact,	 those
risks	 and	 impacts	 were	 practically	 invisible.	 Making	 them	 visible,
Baughman	McLeod	thought,	could	save	millions	of	lives.

Baughman	 McLeod,	 fifty-three,	 is	 a	 dynamo.	 She	 has	 hazel
eyes	 and	 a	 quick	 laugh	 and	 a	 way	 of	 speaking	 that	 can	 shift
quickly	between	lighthearted	banter	and	drop-dead	seriousness.	“I
want	to	innovate,	evolve,	and	improve	the	world	at	the	same	time,”
she	 told	 a	 journalist	 early	 in	 her	 career.	 “I	 want	 to	 make	 a
difference.”

From	 the	 beginning,	 Baughman	 McLeod	 understood	 two
important	things:	the	climate	crisis	was	happening	fast,	and	it	was
going	to	change	our	economy	in	a	big	way.	She	spent	a	decade	or
so	working	in	various	climate-	and	finance-related	jobs	in	and	out
of	Florida	state	government,	including	a	stint	at	the	Florida	Energy
and	 Climate	 Commission.	 In	 2013,	 she	 became	 the	 managing
director	 for	 global	 climate	 resilience	 at	 the	 Nature	 Conservancy,
then	 moved	 on	 to	 become	 a	 senior	 vice-president	 for
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environmental	 and	 social	 risk	 at	 Bank	 of	 America.	 At	 the	 Nature
Conservancy,	Baughman	McLeod	was	known	for	innovative	ideas,
like	an	insurance	policy	she	created	for	the	coral	reef	in	Quintana
Roo,	Mexico,	that	protects	the	reef	and	beaches	in	the	region—as
well	 as	 the	 $10	 billion	 in	 annual	 tourism	 revenue	 they	 generate—
from	 damaging	 storm	 surges.	 It	 was	 the	 first	 natural	 structure	 in
the	 world	 with	 its	 own	 insurance	 policy—the	 New	 York	 Times
called	it	“a	radical	experiment	in	finance.”

At	 first	 glance,	 it’s	 hard	 to	 see	 how	 innovative	 financial	 tools
work	with	heat.	It’s	not	like	solar	panels,	where	an	entrepreneur	can
get	a	return	for	 investing	in	new	technology.	What	entrepreneur	 is
going	to	invest	in	better	bus	stops?	There	is	no	money	to	be	made
in	planting	urban	trees	for	shade	or	opening	cooling	centers	to	give
vulnerable	people	refuge	during	a	heat	wave.	To	put	it	another	way,
if	 extreme	 heat	 is	 the	 enemy,	 what	 does	 your	 fighting	 force	 look
like?

One	 answer	 came	 to	 Baughman	 McLeod	 in	 a	 nondescript
meeting	room	in	Sacramento	in	the	fall	of	2019.	She	was	there	for	a
gathering	 of	 a	 working	 group	 in	 California	 on	 climate	 and
insurance,	 where	 a	 dozen	 or	 so	 people	 met	 to	 make
recommendations	to	California’s	insurance	commissioner,	Ricardo
Lara.	Baughman	McLeod	was	chatting	with	Kristen	Torres	Pawling,
who	 is	 the	 sustainability	 program	 director	 in	 Los	Angeles	 County.
Pawling	 had	 been	 struck	 by	 what	 a	 hot	 summer	 it	 had	 been,	 and
the	wildfires	that	had	burned	nearly	three	hundred	thousand	acres
of	the	state.	Pawling	commented	on	how	everyone	knew	about	the
fires	and	talked	about	them	by	name,	but	heat	waves,	which	killed
far	more	people	than	wildfires,	were	much	harder	to	discuss.

“Why	 don’t	 we	 name	 heat	 waves	 like	 we	 name	 storms	 and
wildfires?”	 she	 asked	 Baughman	 McLeod,	 not	 really	 expecting	 an
answer.

And	 that’s	 when	 a	 lightbulb	 went	 on	 in	 Baughman	 McLeod’s
head.

Naming	is	a	basic	human	impulse.	We	name	our	kids,	our	pets,	our
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cars,	 our	 houses,	 the	 mountains	 we	 climb,	 and	 the	 constellations
in	 the	 night	 sky.	 Storms	 and	 hurricanes	 have	 been	 named	 for
centuries.	 Sometimes,	 they	 were	 named	 after	 prominent	 victims,
like	 Solano’s	 Storm,	 which	 wiped	 out	 the	 Spanish	 fleet	 off	 the
coast	 of	 Florida	 in	 1780,	 and	 was	 named	 after	 the	 Spanish
commander	 of	 the	 fleet,	 José	 Solano	 y	 Bote	 (he	 survived,	 but
thousands	 of	 men	 under	 his	 command	 didn’t).	 Often	 storms	 were
named	after	the	year	they	struck	and	the	area	they	hit,	such	as	the
“Great	Miami	Hurricane	of	1926.”

In	the	1950s,	in	a	nod	to	the	maritime	tradition	of	naming	ships
after	 women,	 the	 NWS	 started	 naming	 hurricanes	 after	 women.	 It
had	 nothing	 to	 do	 with	 increasing	 public	 awareness	 of	 how
destructive	 hurricanes	 can	 be.	 It	 was	 mostly	 to	 improve
communication	 among	 ships,	 airplanes,	 and	 meteorological
stations,	which	in	the	past	had	used	mainly	longitude	and	latitude
to	define	storms.

But	naming	storms	after	women	was	not	such	a	bright	idea.	In
the	 1960s,	 women	 were	 not	 happy	 with	 the	 gendered	 and
misogynistic	 way	 in	 which	 female-named	 hurricanes	 were
described	 as	 “witches,”	 “capricious,”	 “furious,”	 and	 “treacherous.”
(One	 outspoken	 feminist	 recommended	 that	 hurricanes	 be	 called
“himicanes”	instead.)

And	 so	 it	 was	 that	 from	 1979	 onward,	Atlantic	 tropical	 storms
and	hurricanes	have	alternated	between	male	and	female	names.
Today,	 the	 naming	 of	 hurricanes	 is	 handled	 by	 the	 World
Meteorological	Organization	(WMO),	a	United	Nations	agency	that
oversees	weather	monitoring	and	forecasting.

But	 where	 and	 when	 and	 how	 do	 you	 name	 a	 heat	 wave?	 Of
course,	 people	 had	 been	 doing	 it	 on	 their	 own	 for	 years.	 As	 an
editorial	 in	 a	 Jackson,	 Mississippi,	 newspaper	 quipped:	 “In
Mississippi	 and	 the	 rest	 of	 the	 Deep	 South,	 heat	 waves	 already
have	two	names:	July	and	August.”	When	a	heat	wave	boiled	Italy
in	2017,	Italians	nicknamed	it	Lucifer.	That	inspired	a	writer	for	the
Palm	 Beach	 Post	 to	 point	 out	 that	 “Heat	 Wave”	 is	 an	 actual
character	 in	 the	 DC	 Comics	 pantheon	 of	 supervillains.	 “We	 could
continue	that	theme	by	calling	our	long	summer	Blisterer,	Scorcher,
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Sizzler	or	Steam	Bath,	who	would	be	a	blundering	sort	of	evil-doer.”
Baughman	McLeod	thought	there	was	a	better	way	to	do	it.	 In

August	 of	 2020,	 in	 the	 middle	 of	 another	 hot	 summer,	 she
launched	a	group	called	the	Extreme	Heat	Resilience	Alliance	with
thirty	 global	 partners,	 including	 the	 Red	 Cross	 and	 the	 cities	 of
Miami,	 Florida,	 and	Athens,	 Greece.	 “This	 extreme	 heat	 crisis	 can
no	longer	be	the	 ‘silent	killer’	 it	 is,”	Baughman	McLeod	said	at	the
launch.	The	alliance	would	help	build	a	movement	to	take	on	heat.
Later,	 with	 those	 partners	 and	 others,	 Arsht-Rock	 created	 new
positions	for	chief	heat	officers	in	cities,	and	a	heat	health	science
panel,	 and	 developed	 a	 tool	 kit	 for	 policy	 makers	 to	 better
understand	 what	 they	 can	 do	 to	 reduce	 heat	 mortality	 and
morbidity.	 But	 Arsht-Rock’s	 top	 priority	 was	 ranking	 and	 naming
heat	 waves.	 “Naming	 heat	 waves	 is	 the	 clearest	 way	 to
communicate	 the	 dangers	 and	 severity	 of	 this	 risk,	 which	 is
growing,”	Baughman	McLeod	told	the	Washington	Post.

Not	 surprisingly,	 Baughman	 McLeod’s	 naming	 and	 ranking
proposal	 generated	 pushback	 from	 academics	 and	 traditionally
minded	 scientists	 who	 did	 not	 appreciate	 her	 bold	 ambition	 and
outside-the-box	 thinking.	 Forty-two	 heat	 researchers	 signed	 a
letter	 to	 Baughman	 McLeod	 warning	 her	 that	 naming	 and	 ranking
heat	 waves	 “does	 not	 align	 with	 published	 global	 heat-health
priorities	and	may	be	distracting,	or	even	counterproductive.”

In	some	sense,	the	opposition	from	the	science	establishment
was	not	surprising.	Because	naming	a	heat	wave	is	not	science.	“It
is	 branding,”	 Baughman	 McLeod	 says	 unabashedly.	 “It	 is	 PR.	 And
it’s	PR	that	will	save	lives.”

But	 it’s	also	 science,	 because	 before	 you	 can	 name	 a	 heat	 wave,
you	 must	 predict	 which	 one	 will	 be	 dangerous	 enough	 to	 merit	 a
name.	 Laurence	 Kalkstein,	 a	 respected	 heat	 researcher	 working
with	 Arsht-Rock,	 recommended	 a	 system	 for	 ranking	 heat	 waves
that	 uses	 much	 more	 than	 meteorology.	 It	 is	 built	 around	 the
expected	 health	 impacts	 of	 the	 heat	 to	 a	 specific	 community.
Kalkstein	 had	 developed	 a	 system	 called	 spatial	 synoptic
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classification,	which	identifies	eight	different	types	of	air	masses:
dry	 tropical,	 moist	 tropical,	 etc.	 He	 looks	 at	 cities	 and	 sees	 how
these	 different	 air	 masses	 correlate	 with	 data	 from	 all	 causes	 of
mortality	for	the	region.	He	can	see	that	in,	say,	Albuquerque,	when
a	 dry	 tropical	 air	 mass	 moves	 in,	 the	 mortality	 rate	 spikes	 by	 15
percent.	If	he	does	this	correlation	enough	times	with	air	masses	in
any	 given	 city,	 he	 can	 get	 a	 pretty	 good	 estimate	 for	 how	 many
people	that	air	mass	will	kill	whenever	it	arrives.

“We	 can	 forecast	 the	 air	 masses	 up	 to	 five	 days	 in	 advance
using	basic	meteorological	data,”	Kalkstein	told	me.	“And	then	we
can	develop	specific	algorithms	to	see	how	many	people	are	going
to	die.”

Ranking	 systems	 are	 always	 imperfect.	 But	 Kalkstein’s	 system
has	 two	 advantages.	 First,	 it	 looks	 exclusively	 at	 mortality,	 rather
than	other	 indicators	of	health	 impacts,	such	as	emergency	room
visits.	 Second,	 it	 blends	 several	 factors,	 including	 humidity	 and
nighttime	 temperatures,	 which	 have	 a	 big	 effect	 on	 heat-related
mortality,	 into	 a	 single	 score.	 Third,	 it	 is	 based	 on	 actual	 past
history	 in	 an	 actual	 place,	 so	 it	 is	 working	 with	 data	 that	 is	 very
specific	to	a	city	or	region.	All	Kalkstein	and	his	team	needed	was
past	 weather	 and	 mortality	 data,	 and	 it	 could	 all	 be	 crunched
together	in	an	algorithm	that	would	calculate	future	mortality	with
the	forecast	of	any	given	air	mass.

Deciding	which	heat	wave	to	name	is	one	thing.	Deciding	what
to	 name	 it	 is	 something	 else.	 Baughman	 McLeod	 hired	 a	 social
research	 firm	 to	 conduct	 focus	 groups	 in	 several	 regions	 of	 the
country	 to	 test	 different	 naming	 schemes.	 Among	 them:	 Greek
gods	 (Zeus,	 Apollo,	 Hades);	 Greek	 letters	 (alpha,	 beta,	 gamma,
delta);	 hot	 foods	 (salsa,	 chili,	 pepper);	 locations	 (Camelback
Mountain,	Lookout	Point);	color	(white,	orange,	red);	cooking	(rare,
medium,	well	done).

In	 the	 focus	 group	 that	 I	 observed,	 which	 was	 made	 up	 of
Arizona	 residents,	 there	 was	 no	 broad	 agreement	 on	 the	 best
naming	scheme.	In	fact,	the	participants	didn’t	even	think	naming
was	 a	 good	 idea	 until	 they	 were	 told	 that	 heat	 waves	 are	 the
deadliest	 extreme	 weather	 events,	 killing	 far	 more	 people	 every
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year	 than	 hurricanes	 or	 floods.	 Then	 they	 agreed,	 yeah,	 naming
might	be	important.	As	for	what	to	name	them,	Greek	mythology	“is
evocative,”	 one	 man	 said,	 “but	 it’s	 also	 kind	 of	 demoralizing.	 It
makes	 heat	 sound	 like	 a	 supernatural	 force.”	 A	 woman	 added:
“Using	mythological	names	makes	you	think	we	don’t	have	control
of	what’s	happening,	but	we	do.”

Cities	were	the	ideal	labs	for	a	new	heat	wave	ranking	and	naming
system,	 in	 part	 because	 both	 the	 politics	 and	 the	 science	 were
more	manageable	than	trying	to	roll	the	program	out	on	a	state	or
nationwide	 scale.	 Still,	 there	 were	 a	 lot	 of	 moving	 parts.	 In	 the
spring	 of	 2022,	 nearly	 a	 year	 after	 Baughman	 McLeod	 launched
Arsht-Rock’s	 heat	 naming	 and	 ranking	 initiative,	 Athens	 city
officials	 decided	 to	 rank	 heat	 waves	 using	 Kalkstein’s	 air	 mass
methodology,	but	skip	the	actual	naming	and	just	use	color-coded
alerts.

In	Seville,	on	the	other	hand,	city	officials	committed	to	a	pilot
program	to	both	rank	and	name	heat	waves.	And	for	good	reason.
The	 city	 of	 nearly	 seven	 hundred	 thousand	 people	 in	 southern
Spain	is	regularly	baked	by	extreme	heat.	And	it’s	getting	worse.	In
recent	 decades,	 the	 frequency	 of	 heat	 waves	 in	 Spain	 has
doubled.	 To	 help	 sort	 through	 the	 political	 and	 scientific
complexity	 of	 ranking	 and	 naming,	 Baughman	 McLeod	 and	 her
colleagues	 joined	 forces	 with	 the	 city	 to	 put	 together	 a	 group
called	 the	 proMETEO	 Seville	 project,	 which	 was	 an	 alliance	 with
universities,	 the	 Seville	 mayor	 and	 city	 council,	 and	 AEMET,	 the
Spanish	Meteorological	Agency.

The	various	agencies	agreed	that	the	pilot	program	would	use
Kalkstein’s	 algorithm	 to	 categorize	 heat	 waves	 based	 on	 the
potential	 impact	 on	 human	 health	 and	 mortality.	 There	 would	 be
three	 categories,	 and	 only	 the	 deadliest,	 a	 category	 three	 heat
wave,	 would	 get	 a	 name.	 There	 was	 discussion	 about	 exactly
where	to	draw	the	line	for	a	category	three	heat	wave:	A	30	percent
increase	 in	 mortality?	 A	 45	 percent	 increase	 in	 mortality?	 Also,
there	 was	 debate	 about	 whether	 that	 projected	 mortality	 number



there	 was	 debate	 about	 whether	 that	 projected	 mortality	 number

should	be	disclosed	in	the	heat	wave	ranking.	That’s	not	a	surprise.
Does	any	politician	want	to	tell	his	or	her	constituents	that	some	of
them	 are	 going	 to	 die	 over	 the	 next	 few	 days?	 After	 much
discussion,	 city	 officials	 chose	 a	 simple	 naming	 scheme	 that
alternated	 between	 male	 and	 female	 names	 in	 reverse
alphabetical	order:	Zoe,	Yago,	Xenia,	Wenceslao,	Vega,	etc.

The	 initiative	 turned	 out	 to	 be	 well	 timed.	 In	 2022,	 Spain
sweltered	 through	 one	 of	 its	 earliest	 heat	 waves	 on	 record	 (May
ranked	 as	 the	 hottest	 in	 fifty-eight	 years).	 In	 June,	 when	 the
temperature	 regularly	 hit	 107	 degrees,	 the	 heat	 coincided	 with
hatching	 season	 for	 swifts,	 a	 bird	 that	 often	 builds	 its	 nest	 in
building	façades	or	the	cavities	of	roofs.	“Our	buildings	are	usually
made	 of	 concrete	 or	 metal	 plates	 and	 these	 get	 very	 hot,”	 said
Spanish	 biologist	 Elena	 Moreno	 Portillo.	 “So	 it	 becomes	 an	 oven
and	the	chicks,	who	can’t	fly	yet,	rush	out	because	they	can’t	stand
the	 temperature	 inside.	 They’re	 literally	 being	 cooked.”	 In	 Seville,
Portillo	said,	“You	would	walk	down	the	street	and	there	would	be	a
hundred	 chicks,	 lying	 at	 the	 foot	 of	 a	 building,	 some	 dying	 and
some	barely	alive.”

In	 mid-July,	 the	 heat	 started	 to	 rise—not	 just	 in	 Seville,	 but
throughout	 southern	 Europe.	 “The	 average	 number	 of	 deaths	 in
Seville	is	about	between	fourteen	and	fifteen	a	day,”	Kalkstein	told
me	 later.	 “During	 the	 heat	 wave,	 we	 had	 many	 days	 when	 deaths
numbered	in	the	twenties.	And	some	that	were	in	the	thirties.”

On	 July	 24,	 the	 forecast	 showed	 that	 the	 heat	 in	 Seville	 was
about	 to	 spike.	 Temperatures	 were	 forecast	 to	 soar	 above	 109
degrees,	with	high	nighttime	temperatures.	On	Kalkstein’s	ranking
system,	this	was	still	only	a	category	two	event.	But	for	officials	in
Seville,	 it	 was	 close	 enough.	 They	 made	 an	 announcement	 at	 9
a.m.:	Heat	Wave	Zoe	had	arrived.

The	name	was	important.	But	what	was	really	important	was	a
series	of	alerts,	warnings,	and	other	messages	on	social	media	to
let	people	know	how	they	could	protect	themselves	from	the	heat,
including	 simple,	 clear	 instructions	 about	 reducing	 physical
activity,	 staying	 inside,	 closing	 the	 blinds	 during	 the	 day	 and
opening	windows	at	night	to	ventilate,	drinking	fluids,	and	avoiding



opening	windows	at	night	to	ventilate,	drinking	fluids,	and	avoiding

heavy	meals.
Heat	 Wave	 Zoe	 sparked	 intense	 media	 interest	 both	 in	 Spain

and	 internationally.	 If	 the	 strategy	 was	 to	 raise	 the	 awareness	 of
heat	 and	 educate	 people	 about	 how	 to	 handle	 it,	 then	 by	 that
measure,	the	project	was	a	resounding	success.

Did	 naming	 the	 heat	 wave	 Zoe	 actually	 save	 lives?	 “We	 are	 at
early	stage,”	said	Jose	Maria	Martín	Olalla,	an	associate	professor
of	 physics	 at	 Seville	 University	 who	 worked	 on	 the	 project.	 “We
applied	the	name	only	 in	the	city	of	Seville,	so	 it	was	a	very	 local
thing.	I	think	the	question	is,	how	well	will	it	work	in	the	long	term?
We	need	to	alert	the	population	of	the	dangers	we	are	facing,	and
which	 will	 get	 worse	 in	 the	 future.	 And	 I’m	 convinced	 that	 a	 very
good	way	to	do	that	is	by	giving	names	to	heat	waves.”

In	fact,	a	survey	Arsht-Rock	commissioned	a	few	months	after
Zoe	of	more	than	two	thousand	residents	in	seven	regions	of	Spain
found	that	people	who	recalled	hearing	about	Zoe	were	more	likely
to	 engage	 in	 safe	 behaviors	 like	 drinking	 water	 and	 working	 from
home	to	avoid	the	heat.	They	were	also	more	likely	to	talk	about	it
with	others,	and	to	believe	that	government	was	working	to	protect
them.	 The	 link	 between	 raising	 awareness	 and	 reducing	 risk	 has
been	underscored	by	another	study	that	looked	at	what	happened
after	 US	 embassies	 started	 tweeting	 air	 pollution	 statistics	 in	 the
cities	 where	 they	 were	 located.	 Researchers	 found	 that	 this	 very
cheap	 and	 easy	 investment	 led	 to	 substantial	 reductions	 in	 air
pollution	and	better	health.

To	 Baughman	 McLeod,	 the	 Seville	 pilot	 project	 was	 an
important	first	step	that	helped	build	evidence	and	momentum	for
others	 to	 think	 more	 deeply	 about	 how	 they	 communicate	 about
heat.	Before	the	summer	was	over,	a	half	dozen	other	cities	were	in
the	process	of	setting	up	a	heat-health	warning	program	based	on
Arsht-Rock’s	 ranking	 and	 naming	 system.	 The	 WMO	 issued	 a
technical	brief	examining	the	pros	and	cons	of	naming	heat	waves,
concluding	 that	 the	 organization	 “should	 initially	 look	 to	 conduct
an	 evaluation	 of	 the	 effectiveness,	 benefits,	 challenges	 and
sustainability	of	existing	initiatives	to	name	heat	waves,	using	the
findings	to	inform	any	future	proposals.”	In	Sacramento,	where	it	all



findings	to	inform	any	future	proposals.”	In	Sacramento,	where	it	all

began	 for	 Baughman	 McLeod,	 the	 legislature	 passed	 a	 bill	 that
directs	the	California	Environmental	Protection	Agency	to	develop
a	health-based	ranking	system	for	heat	waves.	The	new	law	meant
that	 forty	 million	 people	 would	 now	 have	 a	 better	 idea	 of	 how
dangerous	 future	 heat	 waves	 would	 be,	 and	 what	 actions	 they
should	 take	 to	 protect	 themselves.	 Baughman	 McLeod	 is	 also
returning	 to	 her	 roots	 in	 finance.	Working	 with	 her	 team	 at	Arsht-
Rock	 and	 an	 India-based	 group	 called	 SEWA	 (Self-Employed
Women’s	Association),	Baughman	McLeod	is	testing	an	innovative
micro	 insurance	 program	 that	 compensates	 women	 in	 the	 Global
South	 for	 lost	 income	 during	 extreme	 heat	 events.	 The	 program,
which	 pays	 women	 in	 advance	 of	 dangerous	 heat	 waves,
combines	 an	 early-warning	 mechanism,	 training,	 and	 cash
payouts,	 based	 on	 forecasted	 heat	 conditions.	 It	 also	 includes
supportive,	 practical	 interventions	 like	 water,	 electrolyte	 tablets,
and	 gloves.	 The	 goal	 is	 to	 give	 women	 the	 financial	 security	 to
avoid	 dangerous	 work	 during	 a	 heat	 wave	 and	 take	 care	 of
themselves	 and	 their	 families.	 “We	 think	 that	 the	 conditions	 and
the	death	tolls	push	us	to	accelerate	what	we’re	doing	to	save	lives
as	 soon	 as	 we	 can,”	 Baughman	 McLeod	 told	 me.	 “I	 mean,	 people
are	dying	out	there.	We	need	to	do	something.”

Footnote
1	 Full	 disclosure:	 I’m	 a	 senior	 fellow	 at	Arsht-Rock.	The	 fellowship	 is	 unpaid,	 but	 I	 do	 sometimes

indulge	in	a	free	glass	of	wine	at	Arsht-Rock’s	annual	meetings.	
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13.	ROAST,	FLEE,	OR	ACT

ONCE	 UPON	 A	 time,	 summers	 in	 Paris	 were	 a	 bit	 like	 summers	 in
Seattle.	The	temperature	drifted	around	 in	the	seventies.	 It	 rained
every	so	often.	The	humidity	wasn’t	too	bad.	The	weather	was	like
that	 for	centuries—which	 is	why,	until	 recently,	virtually	no	one	 in
the	 city	 had	 air-conditioning.	Why	 bother?	 Besides,	 there’s	 a	 long
tradition	in	France	of	taking	August—usually	the	hottest	month	of
summer—off	for	holiday.	The	city	virtually	shuts	down	and	people
go	to	the	beach	in	Brittany	or	the	mountains	in	the	Alps	to	cool	off
and	relax.	Think	of	it	as	an	old-fashioned	adaptation	to	heat.

People	who	stick	around	during	August	are	often	older,	or	have
jobs	that	require	them	to	stay	and	keep	the	city	functioning	for	the
thousands	 of	 visitors	 who	 want	 a	 selfie	 at	 the	 Eiffel	Tower.	 In	 the
summer	of	2003,	Parisians	who	remained	in	the	city	were	hit	with
something	 they	 had	 never	 considered	 before:	 a	 heat	 wave.	There
had	 been	 hot	 days	 in	 Paris,	 but	 nothing	 like	 this.	 For	 nine	 days	 in
August,	 the	 daytime	 temperature	 was	 above	 95	 degrees,
sometimes	 spiking	 up	 to	 104	 degrees.	 It	 didn’t	 cool	 off	 much	 at
night	either.

It	 took	 a	 few	 days	 for	 the	 full	 scope	 of	 the	 tragedy	 to	 reveal
itself.	Police	and	fire	officials	began	responding	to	more	and	more
calls.	Hospital	emergency	rooms	started	to	fill	up.	A	week	or	so	into
the	 heat	 wave,	 city	 officials	 began	 running	 out	 of	 places	 to	 store
bodies.	The	health	ministry	wanted	to	put	them	on	public	ice	rinks
near	the	capital,	but	the	rinks	were	closed	in	August	and	it	would
take	too	 long	to	refreeze	them.	So	authorities	erected	refrigerated
tents	 in	parks.	But	there	were	still	 too	many	bodies.	Even	working
around	 the	 clock,	 burials	 and	 cremations	 could	 not	 keep	 up	 with
the	 number	 of	 deaths.	 The	 city	 extended	 the	 maximum	 delay
between	 death	 and	 burial	 from	 six	 to	 fifteen	 days,	 but	 that	 only
resulted	in	what	one	report	called	“a	massive	engorgement	of	sites
for	 the	 accommodation	 of	 bodies.”	 Finally,	 city	 officials
commandeered	 a	 food	 storage	 warehouse.	 They	 also	 leased	 or
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commandeered	 a	 food	 storage	 warehouse.	 They	 also	 leased	 or

purchased	 refrigerated	 food	 trucks.	 “One	 truck,”	 a	 writer	 recalled,
“stripped	of	 its	decals,	still	bore	the	silhouette	of	the	name	of	the
butcher	from	whom	the	city	purchased	it.”

In	 less	 than	 two	 weeks	 in	 2003,	 fifteen	 thousand	 people	 in
France	died	as	a	direct	result	of	the	heat	wave.	Nearly	a	thousand
lived	 in	 central	 Paris.	 Many	 of	 the	 victims	 lived	 alone,	 in	 top-floor
garrets,	 or	 attic	 apartments,	 where	 the	 heat	 built	 up	 beneath	 zinc
roofs	and	literally	cooked	people	as	if	they	were	in	an	oven.	It	took
weeks	 for	 all	 the	 bodies	 to	 be	 recovered.	 Entire	 apartment
buildings	 had	 to	 be	 evacuated	 because	 of	 the	 pervasive	 smell	 of
death.

Many	 Parisians	 who	 had	 been	 out	 of	 town	 returned	 to
gruesome	 scenes.	 One	 twenty-year-old	 woman	 had	 been	 warned
before	 she	 returned	 that	 a	 neighbor	 had	 died	 in	 the	 apartment
above	hers.	But	when	she	opened	her	front	door,	she	screamed.	On
the	 floor	 was	 “a	 pool	 of	 dried	 blood,	 blood	 from	 a	 body,
everything…	urine,	blood,	everything.”	The	body,	 it	turned	out,	had
been	 in	 the	 apartment	 above	 hers	 for	 more	 than	 a	 week	 before	 it
was	 discovered.	 Bodily	 fluids	 had	 trickled	 down	 the	 walls	 and
through	 the	 slats	 in	 the	 paneling	 on	 the	 ceiling.	 Vases	 in	 her
kitchen,	she	discovered	to	her	horror,	were	filled	with	liquid.

“I	 had	 to	 vomit,”	 the	 woman	 said.	 “I	 was	 nauseated.	 I	 spent
practically	the	whole	afternoon	under	the	shower	washing	myself.
In	the	apartment,	the	smell	was	still	so	strong,	even	months	later,	it
never	 went	 away.	 It	 was	 impregnated	 in	 the	 couches,	 in	 the	 bed,
everywhere.	For	several	months,	every	time	I	went	there,	I	retched.”

Twelve	 years	 later,	 in	 December	 of	 2015,	 I	 was	 in	 Paris	 to	 cover
COP21,	 the	 United	 Nations	 climate	 summit.	 I	 stayed	 in	 a	 garret
apartment	 in	the	Fifth	Arrondissement	that	 I’d	rented	on	Airbnb.	 It
was	a	small,	cozy	place	on	the	sixth	floor	with	a	low	ceiling	and	big
wooden	 beams.	 It	 felt	 medieval,	 even	 though	 I	 knew	 it	 wasn’t.
When	 I	 looked	 out	 the	 window,	 I	 saw	 an	 ocean	 of	 Paris’s	 famous
zinc	 roofs	 on	 top	 of	 the	 eighteenth-century	 buildings	 that
surrounded	me.	I	thought	about	how	lovely	they	looked,	especially



surrounded	me.	I	thought	about	how	lovely	they	looked,	especially

in	the	evening.	The	New	Yorker	writer	Alexandra	Schwartz	captures
it	perfectly:	“In	the	blue	hour	of	middle	evening,	 just	after	the	sun
has	set	but	before	the	light	has	finished	draining	from	the	streets,
the	 roofs	 glow	 blue,	 sometimes	 so	 intensely	 that	 the	 blank	 walls
below	pick	up	the	color	and	reflect	it,	giving	the	city	a	submerged
quality,	as	if	it	had	sunk	quietly	to	the	ocean	floor.”

At	 that	 time,	 I	 had	 never	 heard	 of	 the	 2003	 heat	 wave,	 even
though	 I	 had	 been	 covering	 the	 climate	 crisis	 for	 more	 than	 a
decade.	I	had	no	idea	that	it	was	in	rooms	like	this,	high	in	the	old
buildings,	under	the	zinc	roofs,	where	many	people	died.	The	zinc
roofs,	 one	 of	 the	 very	 things	 that	 made	 the	 city	 so	 beautiful,	 so
distinctive,	were	also	one	of	the	things	that	made	the	heat	wave	so
lethal.

In	 2015,	 Paris	 felt	 like	 a	 place	 of	 progress	 and	 victory.	 On	 the
final	day	of	the	climate	summit,	leaders	from	195	nations	agreed	to
limit	 the	 Earth’s	 warming	 to	 2°C	 above	 preindustrial	 levels,	 which
was—and	 still	 is—seen	 as	 the	 threshold	 of	 dangerous	 climate
impacts.	When	French	foreign	minister	Laurent	Fabius	banged	his
green	 gavel	 down	 in	 the	 cavernous	 conference	 hall	 to	 signal	 that
the	 agreement	 was	 a	 done	 deal,	 the	 crowd	 cheered.	 Standing	 in
the	 hall,	 I	 cheered	 too.	 For	 a	 brief,	 happy	 moment,	 it	 felt	 like	 the
human	 race	 had	 finally	 come	 together	 and	 treated	 the	 climate
crisis	with	the	kind	of	urgency	it	demanded.

Like	 every	 other	 city	 in	 the	 world,	 Paris	 was	 built	 by	 people	 who
believed	 that	 the	 Earth’s	 climate	 was	 stable.	 Yes,	 there	 were	 hot
and	cold	days,	ebbs	and	flows	of	rivers,	storms	and	droughts	and
other	 wild	 mood	 swings	 of	 Mother	 Nature,	 or	 angry	 gods,	 or
physics,	 but	 the	 basic	 idea	 that	 there	 was	 a	 certain	 steady	 state
and	that	the	world	would	always	return	to	it	was	never	questioned.
Just	 as	 no	 one	 built	 a	 city	 on	 the	 coast	 with	 the	 assumption	 that
the	polar	ice	sheets	could	melt	and	raise	the	water	five	or	six	feet
in	a	few	decades,	no	one	built	a	city	with	the	assumption	that	the
temperature	 would	 jump	 five	 or	 ten	 degrees	 or	 that	 extreme	 heat
waves	would	zap	us.	We	built	and	lived	in	the	Goldilocks	Zone,	and



waves	would	zap	us.	We	built	and	lived	in	the	Goldilocks	Zone,	and

our	cities	are	a	part	of	that.	They	are	Goldilocks	cities.
But	 now,	 like	 everything	 else,	 these	 cities	 have	 to	 change.

Cities	on	the	coast	have	to	adapt	to	rising	seas.	Cities	in	mountains
have	to	adapt	to	raging	rivers.	And	cities	everywhere	have	to	adapt
to	rising	heat.	It	is	the	great	urban	engineering	project	of	our	time—
making	 a	 city	 that	 was	 not	 designed	 for	 extreme	 heat	 into	 a	 city
that	is	livable	during	extreme	heat.	Or,	if	that	is	too	much,	at	least	a
city	that	is	not	a	deathtrap	for	its	citizens.	And	cities	have	to	do	all
this	 while	 growing	 fast	 to	 handle	 the	 explosive	 urban	 population
growth	 that	 is	 projected	 in	 the	 coming	 decades.	 By	 one	 account,
the	 world	 will	 need	 to	 build	 an	 entire	 New	 York	 City	 every	 month
for	the	next	thirty	years	to	accommodate	all	the	new	people.

Building	a	heat-friendly	city	is	not	an	impossible	task.	As	David
Hondula,	 now	 the	 chief	 heat	 officer	 in	 Phoenix,	 told	 me	 when	 we
were	driving	around	on	a	hot	day,	“If	a	city	like	Minneapolis	can	be
designed	in	such	a	way	that	it’s	pleasant	to	live	in	during	extreme
cold,	then	the	city	of	Phoenix	can	be	designed	in	such	a	way	that	it
can	 be	 pleasant	 to	 live	 in	 during	 extreme	 heat.”	 At	 the	 time,	 I
agreed	with	Hondula:	there	is	certainly	no	reason	why,	if	you	have
enough	time	and	money,	you	can’t	engineer	a	city	to	be	a	safe	and
livable	place	at	130	degrees.

But	 the	 more	 I’ve	 thought	 about	 Hondula’s	 remark,	 the	 more
complex	 it	has	become.	For	one	thing,	 it	has	always	been	cold	 in
Minneapolis.	The	city	was	built	 in	the	cold	and	for	the	cold.	There
was	 no	 retrofitting	 necessary	 (and	 like	 all	 cities,	 it	 has	 its	 own
challenges	as	the	world	around	it	heats	up).	That’s	a	very	different
thing	than	taking	a	city	that	is	built	for	one	climate	and	modifying	it
to	 fit	 another.	 Just	 one	 example:	 basements	 in	 houses.	 In	 cold
places	like	Minnesota,	basements	are	invaluable	for	food	storage,
for	 infrastructure	 like	 furnaces,	 and	 for	 basic	 insulation	 of	 the
home.	 It’s	 pretty	 simple	 to	 dig	 a	 basement	 if	 you	 do	 it	 before	 you
build	a	house.	If	you	want	to	do	it	later,	it’s	difficult	and	expensive.

The	same	thing	with	designing	a	city	for	extreme	heat.	Maybe
you’d	 want	 to	 put	 tunnels	 underground	 downtown	 so	 people	 can
move	 around	 out	 of	 the	 heat.	 Maybe	 you’d	 want	 to	 arrange	 the
streets	 so	 they	 funnel	 the	 breeze	 through	 the	 city.	 Maybe	 you’d



streets	 so	 they	 funnel	 the	 breeze	 through	 the	 city.	 Maybe	 you’d

build	 train	 tracks	 with	 steel	 that	 won’t	 buckle	 when	 the
temperature	 hits	 120	 degrees.	 Maybe	 you’d	 want	 to	 plant	 a	 heat-
hardy	tree	in	front	of	every	house.	All	this	stuff	is	much	easier	to	do
if	you	do	it	from	the	beginning.

For	cities,	the	challenge	of	thriving	on	a	superheated	planet	is
twofold.	First,	as	cities	grow,	how	do	you	ensure	that	they	grow	in	a
heat-smart	way?	Another	fifty	years	of	suburban	sprawl	is	not	the
answer.	 Cities	 need	 to	 be	 denser.	 Cars	 need	 to	 be	 replaced	 with
bikes	 and	 public	 transit.	 New	 buildings	 need	 to	 be	 not	 only
efficient	 and	 built	 of	 sustainable	 materials,	 but	 also	 safe	 for
people	 during	 increasingly	 intense	 heat	 waves.	 That	 means	 more
green	 space,	 more	 trees,	 more	 water,	 more	 shade,	 more	 thermally
intelligent	urban	design.

The	 second,	 and	 more	 difficult,	 challenge	 is	 figuring	 out	 what
to	 do	 with	 existing	 buildings	 and	 cityscapes.	The	 vast	 majority	 of
existing	 buildings	 are	 ill-suited	 for	 the	 extreme	 climate	 of	 the
twenty-first	 century:	 poorly	 insulated,	 poorly	 sited,	 dependent	 on
air-conditioning	 to	 keep	 them	 habitable.	 Do	 you	 tear	 them	 down
and	rebuild?	Do	you	retrofit?	How	do	you	create	more	green	space
in	already	crowded	inner	cities?	How	do	you	banish	concrete	and
invite	in	nature?

In	 many	 cities,	 this	 urban	 remodeling	 project	 is	 already
underway.	 In	 New	 York	 City,	 workers	 and	 volunteers	 have	 planted
over	 a	 million	 trees	 to	 add	 shade	 and	 clean	 the	 air.	 In	 Seville,
Spain,	 city	 planners	 are	 using	 the	 technology	 of	 ancient
underground	 waterways	 to	 provide	 cooling	 for	 the	 city	 without
depending	on	air-conditioning.	In	Freetown,	Sierra	Leone,	officials
are	 creating	 urban	 gardens,	 improving	 access	 to	 clean	 water,	 and
erecting	plexiglass	awnings	over	outdoor	markets	to	shade	people
when	 shopping.	 In	 Los	 Angeles,	 public	 works	 crews	 are	 painting
streets	 white	 to	 increase	 reflectivity.	 In	 India,	 they	 are
experimenting	 with	 green	 roofs,	 which	 absorb	 heat	 and	 create
space	 to	 grow	 food.	 In	 Austin,	 my	 wife,	 Simone,	 transformed	 a
useless	plaza	 in	 front	of	 the	Blanton	Museum	of	Art,	where	she	 is
the	 director,	 into	 a	 public	 gathering	 space	 shaded	 by	 40-foot-tall
carbon	fiber	sculptures	that	rise	like	giant	elegant	flowers,	creating



carbon	fiber	sculptures	that	rise	like	giant	elegant	flowers,	creating

a	 shaded	 microclimate	 with	 dappled	 light.	 Cities	 like	 Orlando,
Florida,	 and	 Tempe,	 Arizona,	 are	 pioneering	 the	 development	 of
resilience	 hubs—basically,	 community	 centers	 that	 are	 outfitted
with	back-up	power,	wifi,	and	air-conditioning,	where	residents	can
find	 refuge	 during	 extreme	 heat	 events	 (or	 other	 kinds	 of
emergencies).

But	perhaps	nowhere	in	the	world	do	the	challenges,	as	well	as
the	opportunities,	loom	larger	than	in	Paris.

After	 the	 fifteen	 thousand	 deaths	 in	 France	 during	 the	 2003	 heat
wave,	 the	 lesson	 most	 Parisians	 learned	 was	 that	 heat	 waves	 are
deadly.	 It	 was	 not	 that	 climate	 change	 is	 making	 heat	 waves
stronger,	more	frequent,	and	more	deadly.	“The	basic	response	was
‘We	 have	 to	 take	 better	 care	 of	 old	 people,’”	 said	 Franck	 Lirzin,	 a
real	estate	executive	who	worked	as	an	advisor	to	French	president
Emmanuel	 Macron.	 “Nobody	 made	 the	 connection	 with	 climate
change.”

According	 to	 Lirzin,	 who	 wrote	 an	 influential	 book	 about	 how
Paris	can	adapt	to	climate	change,	Parisians	have	a	long	history	of
being	 ignorant	 about	 climate.	 In	 part,	 this	 is	 because	 Paris	 has
always	 had	 such	 mild,	 equitable	 weather	 that	 no	 one	 has	 had	 to
think	 much	 about	 it.	 “My	 wife	 is	 Dutch,”	 Lirzin	 told	 me.	 “So	 I	 have
spent	 a	 lot	 of	 time	 in	Amsterdam.	And	 it	 occurred	 to	 me	 that	 the
Dutch	have	been	thinking	for	hundreds	of	years	about	how	to	build
houses	 that	 stay	 warm	 in	 cold	 weather	 and	 dry	 during	 floods.
There	 is	 nothing	 like	 that	 in	 Paris.”	 Similarly,	 architects	 and	 city
planners	in	Marseille,	on	the	Mediterranean	coast,	learned	to	deal
with	the	heat	by	using	thick	walls,	 tile	roofs	that	absorb	the	heat,
orientation	of	streets	to	catch	the	cooling	winds.

“For	hundreds	of	years,	we	just	built	houses	out	of	cheap	stone
and	 nobody	 thought	 about	 the	 climate,	 hot	 or	 cold,”	 Lirzin	 says.
“We	have	no	climate	culture	in	Paris,	no	history	of	thinking	about	it,
no	knowledge	base	to	work	from.”

There	 are	 a	 lot	 of	 cities	 that	 have	 no	 climate	 culture.	The	 Bay
Area,	where	I	grew	up,	has	no	climate	culture	because	the	weather
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was	perfect	almost	all	the	time.	Same	with	Mexico	City,	where	my
wife	 grew	 up.	 Other	 places	 have	 the	 inverse	 of	 a	 heat-savvy
culture.	 People	 in	 Helena,	 Montana,	 where	 my	 mother	 and	 sister
live,	 know	 very	 well	 how	 to	 deal	 with	 cold,	 but	 when	 it	 gets	 hot,
they	are	clueless.	They	don’t	have	air-conditioning,	they	don’t	have
sunshades	 on	 their	 windows,	 they	 don’t	 know	 that	 they	 should
check	on	vulnerable	friends	and	relatives.	The	reverse	is	also	true:
in	 Texas,	 people	 know	 how	 to	 handle	 heat.	 But	 when	 we	 get	 hit
with	 a	 deep	 freeze,	 as	 happened	 during	 the	 winter	 of	 2021,	 many
people	 had	 no	 idea	 what	 to	 do.	 Should	 you	 drain	 your	 pipes?
Should	you	leave	your	oven	on	to	warm	up	the	house?	How	the	hell
do	 you	 drive	 on	 ice	 without	 snow	 tires?	 (Answer:	 you	 don’t,	 you
stay	home.)

Paris	 is	 celebrated	 today	 for	 its	 grace	 and	 beauty,	 but	 it	 wasn’t
always	 so.	 In	 the	 years	 after	 the	 French	 Revolution,	 Paris	 was	 a
“worn,	wrecked	and	exhausted	city”	that	“smelt	more	of	filthy	mud
and	 sewage	 than	 she	 had	 at	 the	 worst	 moments	 of	 the	 Middle
Ages,”	one	historian	wrote.	Behind	the	royal	palaces	was	a	city	of
dilapidated	 hovels,	 poverty,	 and	 prostitutes.	 In	 1832,	 a	 major
cholera	epidemic,	one	of	the	worst	epidemics	in	the	city’s	history,
killed	18,402	people.

Something	 had	 to	 be	 done.	 The	 man	 in	 charge	 was	 Louis-
Napoléon,	nephew	of	the	first	Bonaparte,	who	had	terrorized	all	of
Europe.	 Louis-Napoléon—who	 returned	 from	 years	 of	 exile	 to
become	 president	 of	 the	 Second	 Republic	 briefly	 before	 being
crowned	emperor	as	Napoléon	III—decided	he	was	going	to	leave
his	mark	by	giving	Paris	a	makeover.	To	mastermind	his	project,	he
chose	 Georges-Eugène	 (later	 Baron)	 Haussmann,	 a	 career
bureaucrat	 and	 political	 ally.	 Haussmann	 had	 no	 training	 in
architecture	 (he	 once	 described	 himself	 as	 “a	 demolition	 artist”),
but	 he	 was	 a	 highly	 efficient,	 ruthless	 administrator	 and	 financial
wizard.

Whatever	 the	 quality	 of	 his	 character	 may	 have	 been,
Haussmann’s	 vision	 for	 Paris	 ranks	 as	 one	 of	 the	 greatest	 urban
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achievements	of	 the	nineteenth	century.	 In	 fact,	 it’s	hard	to	grasp
what	 an	 enormous	 and	 brutal	 undertaking	 this	 was.	 At	 the	 time,
Paris	 was	 home	 to	 more	 than	 a	 million	 people	 (twice	 the	 size	 of
New	 York).	 Haussmann	 bulldozed	 through	 the	 medieval	 slums,
displacing	 people	 by	 the	 thousands.	 He	 built	 parks	 and	 planted
trees	(over	 four	hundred	thousand	trees	and	shrubs	were	planted
in	 the	 Bois	 de	 Boulogne	 alone).	 He	 created	 wide	 boulevards	 and
erected	 block	 after	 block	 of	 new	 apartment	 buildings	 with	 gray
polished	 limestone	 façades	 and	 symmetrical	 wrought-iron
balconies.	They	 were	 the	 products	 of	 a	 new	 industrial	 age,	 mass-
produced	for	the	new	bourgeois.	The	buildings	were	all	five	or	six
stories	tall,	with	apartments	getting	less	spacious	and	elaborate	as
you	moved	up.	Privacy,	hygiene,	and	comfort	were	priorities.

The	“new”	Paris	was	instantly	controversial.	One	critic	said	the
rows	 of	 buildings	 made	 him	 think	 of	 “some	 American	 Babylon	 of
the	 future,”	 while	 novelist	 Émile	 Zola	 raved	 about	 the
transformation:	 “I	 love	 the	 horizons	 of	 this	 big	 city	 with	 all	 my
heart…	depending	on	whether	a	ray	of	sunshine	brightens	Paris,	or
a	dull	sky	lets	it	dream,	it	resembles	a	joyful	and	melancholy	poem.
This	is	art,	all	around	us.	A	living	art,	an	art	still	unknown.”

But	the	most	notable	thing	about	the	buildings,	from	a	climate
perspective	anyway,	was	Haussmann’s	use	of	zinc	roofs.	It	was	an
innovation	 at	 the	 time,	 lighter	 and	 cheaper	 than	 tiles,	 corrosion-
resistant,	 and	 virtually	 inflammable.	 As	 long	 as	 they	 are	 properly
installed,	the	roofs	last	a	very	long	time.	As	evidence	of	that,	nearly
80	 percent	 of	 the	 buildings	 in	 Paris	 today—more	 than	 a	 hundred
thousand	buildings—have	zinc	roofs.	There	is	even	a	movement	in
France	 to	 get	 zinc	 roofs	 designated	 with	 UNESCO	World	 Heritage
status.

But	 the	 problem	 is,	 Parisians	 aren’t	 living	 in	 the	 nineteenth-
century	climate	anymore.	In	the	twenty-first	century,	zinc	roofs	are
deadly.	 On	 hot	 days	 they	 heat	 up	 like	 frying	 pans—literally.	 One
researcher	measured	a	temperature	of	194	degrees	on	a	zinc	roof	in
Paris	 on	 a	 summer	 day.	 And	 because	 top-floor	 garrets	 were
designed	 for	 servants	 and	 not	 insulated,	 that	 heat	 is	 transferred
directly	into	the	rooms	below.	During	the	2003	heat	wave,	the	poor
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ventilation	and	insulation	of	these	garrets,	as	well	as	the	difficulty
for	 elderly	 or	 sick	 people	 to	 climb	 down	 six	 flights	 of	 stairs	 to
escape,	made	them	deathtraps.

So	 what’s	 to	 be	 done	 with	 the	 zinc	 roofs	 now?	 “There	 are	 no
good	 options,”	 Lirzin	 said.	 What	 about	 adding	 insulation	 beneath
the	 zinc?	 “That	 is	 very	 difficult,”	 he	 explained.	 “The	 roof	 is	 not
designed	 for	 additional	 weight,	 so	 it	 means	 removing	 and
rebuilding	the	entire	framework,	which	is	very	expensive.”	And	just
ripping	off	the	roof	entirely	and	replacing	it	with	something	better
adapted	 to	 the	 climate	 of	 the	 twenty-first	 century	 would	 be,	 for
many	 Parisians,	 an	 unthinkable	 defacement	 of	 their	 beloved	 city.
“It	would	take	years	to	get	a	permit,	and	then	most	likely	you	will	be
denied.”1

Painting	 the	 roofs	 white	 could	 help.	 Light	 colors	 increase	 the
albedo,	or	reflectivity,	of	buildings,	deflecting	sunlight	and	causing
less	 heat	 to	 be	 absorbed	 (there’s	 a	 reason	 why	 houses	 in	 hot
places—Morocco,	 Portugal,	 the	 Greek	 islands—are	 traditionally
painted	 white).	 White	 roofs	 can	 be	 remarkably	 effective	 in	 sunny
climates.	Researchers	at	Australia’s	University	of	New	South	Wales
determined	that	white	roofs	reduced	indoor	temperatures	by	up	to
seven	 degrees.	 But	 since	 the	 zinc	 roofs	 in	 Paris	 are	 already	 light-
colored,	the	impact	would	be	more	modest.	There	is	also	an	issue
with	 roof	 access	 and	 maintenance,	 since	 the	 white	 roofs	 would
need	 to	 be	 repainted	 about	 every	 ten	 years	 or	 so.	 More
significantly,	 white	 roofs	 are	 widely	 opposed	 by	 historic
preservationists,	who	worry	they	would	fundamentally	change	the
look	and	feel	of	the	city.

Green	 roofs	 are	 another	 possibility.	 In	 2020,	 three	 young
Parisians	 founded	 a	 company	 called	 Roofscapes	 to	 build	 what
amounts	to	wooden	platforms	on	top	of	the	zinc	roofs,	which	could
become	 rooftop	 terraces.	 “People	 can	 grow	 food	 and	 get
protection	 from	 the	 heat	 at	 the	 same	 time,”	 said	 Olivier	 Faber,
twenty-eight,	 one	 of	 the	 cofounders	 of	 the	 company,	 which	 first
emerged	 as	 a	 start-up	 from	 the	 MIT	 School	 of	 Architecture	 and
Planning.	 Faber	 points	 out	 that	 the	 wooden	 platforms	 are
structured	in	such	a	way	that	the	additional	weight	is	borne	not	by
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the	 roof	 itself,	 but	 by	 the	 old	 stone	 load-bearing	 walls	 of	 the
Haussmann	 buildings,	 which,	 in	 most	 cases,	 are	 plenty	 strong
enough	 to	 support	 them.	 The	 idea	 was	 inspired	 by	 the	 rooftop
terraces	of	Venice,	a	centuries-old	tradition	that	Venetians	built	for
access	to	fresh	air	and	space	to	grow	tomatoes.	Paris	officials	have
no	 problem	 with	 green	 roofs	 on	 new	 buildings—in	 fact,	 the	 city
recently	 passed	 a	 law	 requiring	 them	 (or	 solar	 panels)	 on	 all	 new
commercial	 structures	 above	 a	 certain	 size.	 It’s	 the	 old	 buildings
that	 are	 the	 problem.	 “It’s	 taking	 people	 a	 long	 time	 to	 grasp	 the
magnitude	of	what	we	face	in	Paris,”	Faber	said.

This	 is	 not	 a	 Paris-only	 problem.	 The	 fight	 between	 the	 past
and	the	future	defines	the	battle	lines	in	many	cities	struggling	to
adapt	to	our	fast-changing	climate.	In	Miami,	preservationists	want
the	great	Art	Deco	buildings	in	South	Beach	to	remain	as	they	were
in	the	1930s	when	they	were	built;	developers	would	be	happy	to
bulldoze	them	and	build	condo	towers	that	would	be	more	resilient
to	 hurricanes	 and	 flooding.	 In	 Venice,	 fifteenth-century	 palazzos
are	 sinking	 into	 the	 lagoon,	 but	 they	 are	 such	 architectural
treasures	that	it’s	impossible	to	imagine	doing	anything	but	spend
hundreds	of	millions	of	dollars	to	shore	them	up	for	a	few	decades
until	they	are	reclaimed	by	rising	seas.	What’s	at	stake	here	is	not
just	 architecture.	 It’s	 our	 history,	 our	 culture,	 and	 our	 identity.	 But
given	the	acceleration	and	urgency	of	the	climate	crisis,	the	harsh
truth	is,	not	everything	can	be	saved.

It’s	 not	 just	 zinc	 roofs	 that	 are	 untouchable	 in	 Paris.	 Exterior
shutters,	 for	 example,	 can	 be	 effective	 shields	 against	 heat
entering	 buildings.	 But	 if	 they	 were	 not	 included	 in	 the	 original
Haussmann	 design,	 the	 historical	 commission	 prohibits	 building
owners	from	adding	them.	“There	is	consensus	that	we	have	to	do
something	to	change	these	buildings	to	make	them	safer	and	more
habitable	in	the	future,	but	there	is	no	incentive	to	find	a	solution,”
said	 Lirzin.	 “There	 is	 too	 deep	 of	 an	 idea	 that	 Paris	 is	 Paris	 and	 it
can’t	change.”

The	 cooling	 of	 Paris	 began	 in	 2014,	 with	 the	 election	 of	 Anne
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Hidalgo	 as	 the	 mayor.	 Hidalgo,	 sixty-three,	 is	 the	 daughter	 of
Spanish	 refugees	 who	 fled	 fascism.	 Her	 grandfather,	 a	 left-wing
activist	from	Andalucía,	was	sentenced	to	death	under	the	Spanish
dictator	Francisco	Franco	(he	was	ultimately	spared).	Hidalgo,	who
became	a	naturalized	French	citizen	at	the	age	of	fourteen,	started
out	as	a	factory	 inspector	before	becoming	a	government	advisor
under	Prime	Minister	Lionel	Jospin	in	the	1990s.

When	 Hidalgo	 took	 over	 as	 mayor	 of	 Paris,	 the	 once-great
walking	 city	 was	 overrun	 with	 cars,	 air	 pollution	 in	 the	 inner	 city
was	deadly,	bike	lanes	were	rare,	what	few	trees	there	were	looked
sickly.	 Hidalgo	 went	 after	 cars	 and	 trucks	 first,	 fighting	 what	 she
said	 was	 a	 democratic	 war	 to	 give	 Paris	 back	 to	 Parisians.	 She
closed	two	miles	of	roadway	along	the	Seine	in	the	center	of	Paris
and	 turned	 it	 into	 a	 riverbank	 park.	 Rue	 de	 Rivoli,	 the	 city’s	 main
commercial	 street,	 became	 a	 boulevard	 for	 bikes	 and	 a	 limited
number	of	authorized	cars.	In	two	of	Paris’s	main	squares,	Place	de
la	République	and	Place	de	la	Bastille,	traffic	was	squeezed	to	one
side,	 making	 way	 for	 large	 pedestrian	 areas	 bustling	 with	 people.
She	created	more	than	250	miles	of	bike	lanes	in	the	city	and	was
often	photographed	pedaling	to	her	office	in	the	Hôtel	de	Ville.

“My	 job	 is	 to	 transform	 this	 extraordinary,	 magnificent	 city
without	damaging	it,”	Hidalgo	has	said.	“To	make	it	a	city	agreeable
to	live	in	but	one	that	is	a	model	that	inspires,	without	denying	its
history.”

But	Hidalgo’s	ambitions	got	checked	in	2018,	when	thousands
of	 Parisians—many	 of	 them	 working-class	 people	 from	 the	 outer
suburbs	 who	 commuted	 into	 the	 city—donned	 yellow	 vests	 and
took	 to	 the	 streets	 to	 protest	 rising	 fuel	 taxes.	 The	 protests
snowballed	 into	 a	 wider	 movement	 against	 French	 president
Emmanuel	 Macron’s	 supposed	 bias	 in	 favor	 of	 the	 elite	 and	 well-
off	 city	 dwellers.	 Protestors	 set	 fire	 to	 barricades	 near	 the	Arc	 de
Triomphe,	 while	 police	 moved	 in	 with	 tear	 gas	 and	 rubber	 bullets
to	break	up	the	crowds.	The	riots	shook	France	and	nearly	toppled
Macron’s	presidency.

After	 the	 riots,	 Hidalgo	 pivoted	 from	 cars	 to	 trees.	 She	 didn’t
entirely	 give	 up	 the	 fight	 against	 cars—in	 the	 run-up	 to	 the	 2024
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Olympics,	she	is	pushing	hard	to	ban	most	cars	and	diesel	trucks
from	 the	 inner	 city.	 But	 she	 discovered—as	 many	 politicians
discovered	 before	 and	 after	 her—that	 fighting	 for	 trees	 is	 a	 much
simpler	battle.	After	all,	who	doesn’t	love	trees?	And	Paris	certainly
needed	more	of	them.	Despite	the	city’s	many	parks,	it	has	one	of
the	 lowest	 tree	 canopy	 covers	 of	 any	 city	 in	 the	 world—only	 9
percent,	 compared	 with	 18	 percent	 in	 Boston	 and	 29	 percent	 in
Oslo.	 In	 the	 summer	 of	 2019,	 Hidalgo	 launched	 an	 urban	 forest
campaign,	 vowing	 to	 “significantly	 green”	 schoolyards	 around	 the
city	 as	 well	 as	 four	 emblematic	 sites:	 the	 Hôtel	 de	Ville,	 the	 Gare
de	Lyon,	the	square	behind	the	Opéra,	and	a	lane	on	the	banks	of
the	Seine.

From	 a	 public	 relations	 point	 of	 view,	 Hidalgo’s	 urban	 forest
announcement	 couldn’t	 have	 been	 more	 timely:	 on	 July	 25,	 2019,
less	 than	 a	 month	 after	 the	 urban	 forest	 initiative	 was	 launched,
Paris	recorded	its	highest	temperature	ever:	108.7	degrees	(42.6°C).
What	better,	more	 inoffensive	way	to	cool	the	city	than	to	plant	a
tree?

Trees	 are	 superheroes	 of	 the	 climate	 fight.	 They	 inhale	 CO2	 and
exhale	 oxygen,	 filtering	 out	 air	 pollution	 with	 each	 breath.	 They
suck	 up	 water	 from	 the	 ground	 and	 sweat	 it	 out	 through	 their
leaves,	which	cools	the	air	(think	of	them	as	mini–air	conditioners).
And	of	course	they	provide	shade	to	all	creatures	great	and	small,
as	 well	 as	 to	 the	 soil	 around	 them,	 which	 helps	 to	 reduce	 water
loss	through	evaporation.	As	anyone	who	has	taken	a	walk	through
a	 city	 park	 knows,	 they	 also	 offer	 mental	 health	 benefits	 to
stressed-out	 urbanites.	 Trees	 are	 our	 deep-time	 evolutionary
companions,	 fellow	 living	 things	 that	 we	 have	 spent	 millions	 of
years	leaning	against,	climbing,	and	worshipping.

As	 part	 of	 Hidalgo’s	 urban	 forest	 initiative,	 the	 city	 of	 Paris
plans	 to	 plant	 170,000	 new	 trees	 by	 2026.	 That	 may	 sound	 like	 a
lot.	And	 in	 some	 ways,	 it	 is.	 But	 let’s	 put	 it	 into	 perspective.	 New
York	City	has	planted	over	a	million	trees	and	is	still	going.	Milan’s
urban	forest	project	is	planting	300,000	trees	a	year,	with	a	goal	of
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three	million	new	trees	in	the	city	by	2030.	Just	to	give	you	a	sense
of	what	this	means	on	a	global	scale,	there	are	about	three	trillion
trees	on	the	planet—which	works	out	to	about	422	trees	for	every
person	 on	 Earth.	 Humans	 are	 responsible	 for	 the	 loss	 of	 fifteen
billion	 trees	 a	 year.	 About	 five	 billion	 new	 trees	 are	 planted	 or
sprout	annually,	yielding	a	net	loss	each	year	of	ten	billion	trees.	So
as	 much	 as	 people	 may	 love	 trees,	 in	 the	 big	 picture,	 we	 are	 not
very	 good	 to	 them.	 Since	 the	 beginning	 of	 human	 civilization,	 the
number	of	trees	on	the	planet	has	dropped	by	46	percent.

Still,	 170,000	 trees	 are	 170,000	 trees.	 And	 when	 it	 comes	 to
cooling	 off	 a	 city,	 trees	 matter.	 During	 the	 summer	 of	 2022,	 one
researcher	 found	 that	 on	 a	 hot	 afternoon	 the	 temperature	 on	 the
ground	in	front	of	the	Paris	Opera	House	measured	133	degrees.	A
few	 steps	 away,	 under	 the	 shade	 of	 the	 trees	 on	 Boulevard	 des
Italiens,	the	temperature	on	the	sidewalk	was	only	82	degrees.

But	in	a	rapidly	changing	climate,	trees	are	not	a	simple	answer
to	urban	heat.	For	one	thing,	it’s	much	easier	to	plant	a	tree	than	to
keep	 it	 alive.	 People	 love	 to	 donate	 money	 to	 plant	 trees,	 and
politicians	 love	 to	 get	 their	 pictures	 taken	 planting	 a	 tree,	 but	 it’s
much	 harder	 finding	 money	 for	 maintenance.	 In	 Los	Angeles,	 city
officials	 estimate	 that	 it	 costs	 $4,351.12	 to	 plant	 and	 maintain	 a
single	oak	tree	for	five	years.2	Then	there	 is	the	question	of	who’s
responsible	 for	 taking	 care	 of	 them.	 The	 city	 of	 Phoenix,	 for
example,	does	not	have	any	centralized	department	or	agency	that
is	 tasked	 with	 the	 maintenance	 of	 trees,	 which	 means	 that	 they
often	don’t	get	the	care	and	attention	they	need,	especially	in	the
first	 few	 years	 after	 they	 are	 planted.	 According	 to	 one	 tree
advocate	in	Phoenix,	the	average	life	expectancy	for	a	street	tree	in
the	city	is	only	seven	years.

“There	used	to	be	a	lot	of	nice	big	shade	trees	in	Phoenix,	but
they	 cut	 them	 all	 down	 in	 the	 1960s	 because	 they	 were	 worried
about	how	much	water	they	used,”	Mark	Hartman,	Phoenix’s	chief
sustainability	 officer,	 told	 me	 when	 I	 first	 visited	 the	 city	 a	 few
years	ago.	In	2010,	as	the	problems	of	extreme	heat	became	more
obvious,	Phoenix	officials	set	a	goal	of	doubling	the	percentage	of
the	city	covered	with	tree	canopy,	from	12	to	25	percent,	by	2030.
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But	then	came	the	inevitable	budget	cuts	and	layoffs.	According	to
Hartman,	“tree	planting	was	cut	back	to	stay	only	slightly	ahead	of
those	lost	to	storms	and	drought.”	Today,	the	tree	canopy	cover	in
Phoenix	 remains	 virtually	 unchanged	 from	 what	 it	 was	 a	 decade
ago.

Even	when	they	are	properly	cared	for,	city	trees	have	a	tough
life.	 Dogs	 pee	 on	 them.	 Their	 roots	 are	 covered	 by	 asphalt	 and
concrete.	 Lovers	 carve	 their	 initials	 into	 their	 bark.	 Drunk	 drivers
run	 into	 them.	 In	 Athens,	 an	 invasive	 beetle	 is	 decimating	 the
mulberry	 trees	 that	 provide	 shade	 in	 public	 squares.	 Ash	 trees,
which	 make	 up	 the	 majority	 of	 shade	 trees	 in	 US	 cities	 like
Chicago	and	Milwaukee,	have	been	wiped	out	by	the	emerald	ash
borer,	 an	 Asian	 jewel	 beetle	 that	 arrived	 in	 North	 America	 in	 the
early	2000s.	One	study	found	that	emerald	ash	borers	could	kill	1.4
million	street	trees	in	the	US	by	2050.	Here	in	Austin,	big	oaks	and
pecans	 are	 regularly	 cut	 down	 by	 tech	 bros	 making	 room	 for	 big
houses	and	swimming	pools.	Laws	and	regulations	don’t	stop	them
—so	what	if	they	have	to	pay	a	little	fine?	One	of	the	most	beautiful
and	 historic	 trees	 in	Austin,	 a	 six-hundred-year-old	 oak	 known	 as
the	Treaty	Oak	because	 it	 is	where	city	founder	Stephen	F.	Austin
supposedly	 met	 local	 Native	 Americans	 to	 negotiate	 and	 sign
Texas’s	 first	 boundary	 treaty,	 was	 poisoned	 in	 1989	 by	 a	 guy	 who
read	 some	 witchcraft	 books	 and	 thought	 killing	 the	 tree	 would
somehow	end	his	sorrow	over	being	rejected	by	a	woman	(the	tree
was	badly	damaged	but	it’s	still	alive).

Deciding	which	trees	to	plant	 is	not	a	simple	matter	either.	To
protect	 against	 widespread	 losses	 from	 disease	 and	 invasive
species,	 diversity	 is	 important.	 But	 the	 climate	 of	 cities	 of	 today
will	 not	 be	 the	 climate	 of	 cities	 in	 2050.	 Arborists	 and	 urban
planners	 find	 themselves	 casting	 forward,	 looking	 at	 which	 trees
might	 be	 best	 suited	 to	 future	 conditions.	 In	 central	 Paris,	 the
ubiquitous	London	plane	trees	are	goners,	vulnerable	in	a	warming
climate,	and	are	being	replaced	by	evergreens,	oak,	and	buckeye.
In	Tucson,	 palm	 trees	 are	 out	 and	 paloverde	 and	 mesquite	 are	 in.
To	help	people	select	plants	that	will	survive	in	a	harsher	climate,
researchers	 at	 Macquarie	 University	 in	 Australia	 developed	 a
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program	called	Which	Plant	Where.	Home	gardeners	can	go	online,
type	in	their	location,	and	get	recommendations	for	plants	that	will
do	well	in	the	climate	of,	say,	2040.	Already	the	warming	climate	is
taking	its	toll	on	trees	in	hotspots	around	the	world.	When	I	was	in
Melbourne	in	early	2020	to	look	at	the	city’s	urban	forest	initiative,	I
took	 an	 afternoon	 walk	 through	 the	 Royal	 Botanic	 Gardens	 and
came	 across	 a	 giant	 white	 oak	 lying	 across	 the	 grass	 like	 a	 fallen
god.	There	was	a	hastily	erected	fence	around	the	tree	with	a	sign
attached.	It	read,	in	part:

Climate	 change	 is	 affecting	 the	 plants	 we	 grow—over	 the
next	 50	 years,	 20-50%	 of	 current	 plant	 species	 in	 botanic
gardens	 and	 urban	 landscapes	 will	 likely	 be	 subjected	 to
temperatures	 never	 experienced	 before.	 Last	 month,
Victoria	 closed	 on	 one	 of	 its	 hottest	 and	 driest	 years	 on
record,	 and	 the	 majestic	 White	 Oak	 (Quercus	 alba)	 that
stood	 proudly	 and	 gloriously	 shady	 on	 Oak	 Lawn	 at
Melbourne	 Gardens	 for	 over	 150	 years	 simply	 collapsed,
leaving	a	hole	in	the	city’s	most	iconic	landscape.
And	 it’s	 not	 just	 old	 trees	 that	 are	 vulnerable.	 In	 2011,	 the

combined	stress	of	drought	and	extreme	heat	killed	off	10	percent
of	the	urban	trees	in	Texas.	Nearly	six	million	city	trees	died	in	just
a	few	months.	In	the	coming	years,	it	may	get	a	lot	worse.	A	recent
analysis	 of	 the	 Global	 Urban	 Tree	 Inventory,	 a	 database	 that
contains	4,734	urban	trees	in	164	cites,	suggests	that	in	a	midrange
climate	 warming	 scenario,	 three-quarters	 of	 urban	 trees	 are	 likely
to	die	from	a	combination	of	heat	and	drought	by	2050.

There	 is	 also	 the	 question	 of	 equity.	 The	 basic	 truth	 is:	 rich
people	 get	 nice	 trees,	 poor	 people	 get	 weeds.	 Mexico	 City	 is	 a
striking	 example.	 On	 a	 recent	 summer	 day	 in	 Polanco,	 a
neighborhood	near	the	center	of	the	city,	I	wandered	down	Avenida
Presidente	 Masaryk,	 past	 Hermès	 and	 Cartier	 stores	 beneath	 the
deep	and	decadent	shade	of	big	jacaranda	trees.	It	was	a	reminder
of	 the	 city’s	 rich	 history	 of	 public	 gardens,	 parks	 and	 tree-lined
squares.	 But	 in	 the	 sprawling	 neighborhoods	 that	 surround	 the
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inner	city,	it’s	a	different	story.	As	my	mother-in-law,	who	was	with
us	on	the	trip	and	who	lived	much	of	her	adult	life	in	the	city,	out	in
the	 poor	 colonias—“where	 most	 people	 actually	 live,”	 she	 said—
it’s	a	landscape	of	concrete	and	struggling	little	ash	trees.

The	River	Oaks	neighborhood	in	Houston,	where	many	wealthy
oil	 and	 gas	 executives	 live,	 is	 full	 of	 majestic	 trees;	 Gulfton,	 a
neighborhood	 five	 miles	 away	 where	 thirty	 languages	 are	 spoken
and	 is	 often	 described	 as	 the	 Ellis	 Island	 of	 Texas,	 is	 an	 asphalt
desert.	 In	 LA,	 Beverly	 Hills	 is	 a	 wonderland	 of	 exotic	 trees;	 South
Central,	not	so	much.	Melbourne	has	magnificent	elms	and	gums
in	 the	 city	 parks	 downtown,	 but	 if	 you	 take	 the	 tram	 out	 to	 the
western	edge	of	the	metropolitan	area,	it’s	hard	to	find	a	green	leaf
anywhere.	 According	 to	 a	 study	 by	 American	 Forests,	 a	 nonprofit
that	 advocates	 for	 healthy	 forests	 and	 ecosystems,	 the	 city	 of
Austin	 has	 the	 most	 unequal	 tree	 cover	 of	 any	 urban	 area	 in	 the
US.	Our	neighborhood,	where	humble	1940s	homes	are	being	torn
down	 and	 replaced	 one	 by	 one	 by	 glassy	 McMansions	 with
fourteen-foot	 ceilings	 and	 black	 roofs,	 is	 shaded	 with	 great	 oak
and	 pecan	 trees.	 But	 if	 I	 ride	 my	 bike	 out	 to	 the	 east	 side
neighborhoods,	where	many	Black	residents	were	pushed	by	racial
zoning	laws	(aka	redlining)	in	the	early	twentieth	century,	the	trees
are	smaller,	the	sun	is	hotter,	the	temperatures	higher.	In	Austin,	as
in	 many	 other	 cities,	 city	 officials	 and	 volunteers	 have	 launched
tree-planting	campaigns	to	try	to	even	out	the	tree	inequity,	but	it’s
going	to	take	a	long	time	to	democratize	shade.

Urban	 forests	 are	 one	 part	 of	 a	 broader	 goal	 that	 many	 New
Urbanists	 have	 of	 bringing	 nature	 back	 into	 cities—rivers,	 creeks,
parks,	 gardens,	 animals,	 entire	 ecosystems	 that	 have	 been	 paved
over	 and	 pushed	 out	 by	 relentless	 concrete	 and	 asphalt	 sprawl.
Seoul,	 South	 Korea,	 spent	 $900	 million	 to	 remove	 a	 highway	 and
restore	 the	 Cheonggyecheon	 Stream	 in	 the	 middle	 of	 the	 city,
which	 not	 only	 opened	 up	 much-needed	 green	 space,	 but	 also
cooled	 the	 neighborhood	 around	 the	 stream	 by	 as	 much	 as	 ten
degrees.	To	bring	reclaimed	water	into	the	city	to	irrigate	parks	and
green	 spaces,	 Athens	 plans	 to	 renovate	 an	 aqueduct	 first
constructed	by	Roman	Emperor	Hadrian	 in	140	AD.	New	York	City
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built	 the	 High	 Line,	 an	 elevated	 walk	 on	 the	 west	 side	 of	 the	 city
that	 offers	 a	 leafy	 escape	 from	 urban	 concrete.	 Curitiba,	 Brazil,
sometimes	celebrated	as	the	greenest	city	on	Earth,	has	more	than
fifty	square	meters	of	green	space	per	person	(in	contrast,	Buenos
Aires	 has	 two	 square	 meters	 per	 person).	 “We	 designed	 room	 for
nature,”	one	Brazilian	official	said.

In	some	cities,	designing	for	nature	is	itself	deeply	artificial.	In
Singapore,	 it’s	 hard	 to	 find	 a	 single	 inch	 of	 the	 city	 that	 is	 in	 any
way	 “natural.”	 But	 since	 the	 1960s,	 there	 has	 been	 a	 deliberate
government-led	effort	to	adapt	the	city	to	rising	temperatures.	The
highways	 are	 canopied	 with	 lush	 trees,	 urban	 parks	 have	 been
expanded,	and	thousands	of	sidewalk	trees	have	been	planted.	As
I	 wandered	 downtown	 on	 one	 recent	 visit,	 I	 felt	 like	 I	 was	 in	 a
jungle,	 there	 were	 so	 many	 vines	 and	 plants	 hanging	 from
windows.	The	Oasia	Hotel,	designed	by	WOHA,	an	architecture	firm
based	 in	 Singapore,	 is	 a	 twenty-seven-story	 tower	 of	 green,	 with
aluminum	 mesh	 panels	 that	 allow	 climbing	 plants	 to	 grow	 on	 the
building.	 The	 plants	 and	 aluminum	 act	 as	 a	 sunblock,	 absorbing
heat	and	creating	natural	shade.

All	 the	 greenery	 certainly	 helps	 Singapore	 keep	 cool	 for	 the
people	 who	 live	 there.	 But	 it’s	 hard	 to	 argue	 that	 cities	 like
Singapore,	which	have	massive	ecological	footprints	through	their
oil	 refineries	 and	 supply	 chains	 that	 stretch	 around	 the	 globe,
actually	 contribute	 to	 the	 cooling	 of	 the	 planet.	 “Singapore	 can
make	 itself	 into	 a	 garden	 because	 the	 farm	 and	 the	 mine	 are
always	 somewhere	 else,”	 writes	 Richard	 Weller,	 a	 professor	 of
landscape	architecture	at	the	University	of	Pennsylvania.	“I	would
call	Singapore	a	case	of	Gucci	biodiversity,	a	distraction	from	the
fact	that	they	bankroll	palm	oil	plantations	in	Kalimantan,	the	last
of	the	world’s	great	rain	forests.”

The	 centerpiece	 of	 the	 remaking	 of	 Paris	 is	 the	 Champs-Élysées,
the	 iconic	 boulevard	 that	 runs	 between	 the	Arc	 de	Triomphe	 and
the	 Place	 de	 la	 Concorde.	 Named	 after	 the	 Elysian	 Fields—a
mythical	 Greek	 paradise—the	 Champs-Élysées	 was	 initially
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designed	by	King	Louis	XIV’s	gardener,	André	Le	Nôtre.	It	was	first
called	the	Avenue	des	Tuileries	and	was	lined	with	elm	and	horse
chestnut	trees	that	cut	through	fields	and	market	gardens.	Later,	in
1709,	 it	 was	 renamed	 the	 Champs-Élysées	 and	 extended,	 and	 it
became	a	popular	spot	for	picnics	by	the	end	of	the	century.	It	was
an	 urban	 manifestation	 of	 seventeenth-	 and	 eighteenth-century
thinkers	 like	 Descartes	 and	 Galileo,	 who	 were	 founders	 of	 the
scientific	 method.	 French	 formal	 gardens	 took	 on	 geometric
designs,	featuring	a	central	perspective,	with	open	views	over	long
distances,	 and	 were	 designed	 following	 new	 mathematical	 and
optical	tools.	“In	this	respect,	the	Champs-Élysées	can	be	regarded
as	one	of	 the	 ‘zero	milestones’	of	Western	modernity,”	one	French
urban	historian	writes.	“Reflecting	a	vision	of	domesticated	nature,
the	avenue	became	a	showcase	of	progress.”

The	first	time	I	visited	Paris	in	the	early	1990s,	I	was	shocked	by
how	 tawdry	 and	 touristy	 the	 famous	 boulevard	 was.	 It	 was	 like
Times	 Square	 but	 worse,	 because	 with	 the	 monuments	 and	 the
rows	 of	 sad-looking	 trees,	 you	 could	 see	 that	 it	 had	 once	 been	 a
grand	 promenade.	 Over	 the	 years,	 the	 decline	 of	 the	 Champs-
Élysées	 worried	 some	 of	 the	 property	 and	 business	 owners	 along
the	 boulevard	 enough	 to	 hire	 PCA-Stream,	 a	 leading	 Paris
architecture	 firm,	 to	 reimagine	 the	 boulevard	 in	 keeping	 with
Hidalgo’s	vision	of	a	cooler,	greener	city.

The	 cofounder	 of	 PCA-Stream,	 Philippe	 Chiambaretta,	 sees
cities	 in	 a	 different	 way	 than	 most	 people.	To	 him,	 they	 are	 not	 a
collection	of	objects	and	human	beings,	or	a	giant	machine,	but	a
giant,	sprawling	organism	that	 is	 itself	alive	and	always	changing.
“A	city	has	a	metabolic	flow,”	he	told	me.	“Things	are	being	made,
energy	 is	 going	 in	 and	 out,	 it	 is	 always	 growing—or	 dying.”
Chiambaretta,	 who	 is	 in	 his	 late	 fifties,	 wore	 a	 colorful	 scarf	 the
day	 we	 talked	 and	 was	 as	 happy	 to	 riff	 on	 Parisian	 history	 as	 he
was	 modern	 architecture.	 “Like	 other	 organisms,	 cities	 can	 be
healthy	and	in	balance,	or	unhealthy	and	out	of	balance.	A	hot	city,
like	a	hot	child,	is	a	sick	city.”

Chiambaretta	 and	 his	 team	 spent	 four	 years	 looking	 at	 the
Champs-Élysées	 from	 every	 angle,	 using	 a	 cross-disciplinary
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approach	 that	 included	 anthropology,	 philosophy,	 physics,	 and
economics.	Eventually,	his	team	came	up	with	a	$300-million	plan
that	 transforms	 the	 Champs-Élysées	 from	 a	 wasteland	 to	 what
Hidalgo	calls	“an	extraordinary	garden.”	In	the	plan,	several	lanes	of
traffic	 are	 eliminated	 to	 make	 room	 for	 bike	 lanes	 and	 broader
pedestrian	paths.	The	black	asphalt	is	removed	and	replaced	with
a	 lighter-color	 paving	 that	 will	 reflect	 away	 sunlight.	 Rainwater	 is
captured	 and	 recycled.	 And	 more	 than	 a	 thousand	 trees	 are
planted	 in	 open	 soil	 that	 allows	 tree	 roots	 to	 mingle	 (“We	 know
now	that	trees	talk	to	each	other,	and	we	made	an	accommodation
for	 that,”	 Chiambaretta	 explained).	 All	 in	 all,	 besides	 making	 the
Champs-Élysées	safer,	greener,	and	more	fun	to	visit,	Chiambaretta
estimates	 that	 the	 makeover	 would	 lower	 the	 sidewalk
temperature	in	the	area	by	more	than	seven	degrees.

And	that’s	the	thing	with	cities.	They	may	be	superorganisms	with
their	 own	 metabolic	 flows,	 but	 unless	 you	 have	 an	 emperor	 like
Napoléon	 III	 in	 charge	 or	 a	 power	 broker	 like	 Robert	 Moses,	 the
urban	planner	who	ruthlessly	reshaped	New	York	City	 in	the	mid-
twentieth	 century,	 retrofitting	 takes	 time.	And	 that’s	 assuming	 the
city	has	the	money	and	stable	political	leadership.	Lirzin	calculates
that	if	Parisians	retrofitted	the	historic	buildings	at	a	pace	of	about
1	percent	per	year,	it	would	take	seventy-five	years	to	insulate	and
update	them	all.	The	Champs-Élysées	project,	Chiambaretta	says,
is	 unlikely	 to	 get	 started	 until	 2025	 at	 the	 earliest	 and	 will	 take	 a
decade	 to	 complete.	 “If	 all	 goes	 well,	 we	 could	 be	 done	 in	 2035,”
Chiambaretta	 told	 me.	 And	 this	 is	 just	 for	 one	 (big)	 block	 of	 one
boulevard.

But	 perhaps	 the	 biggest	 hurdle	 is	 the	 gap	 between	 the	 grand
visions	 of	 architects	 and	 urban	 planners	 and	 the	 reality	 of	 what
might	actually	get	built.	This	is	always	the	case	on	big	public	works
projects	 with	 a	 lot	 of	 different	 stakeholders,	 but	 it’s	 particularly
true	 with	 big	 public	 works	 projects	 that	 challenge	 people’s
expectations	 of	 how	 a	 city	 should	 look	 and	 feel.	 Chiambaretta	 is
already	 facing	 this	 as	 he	 tries	 to	 build	 political	 support	 for	 his
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Champs-Élysées	project	in	Paris.	“The	preservationists	look	at	the
light-colored	paving	we	want	to	put	in	the	Place	de	la	Concorde	to
make	 it	 less	 of	 a	 furnace,	 and	 they	 say	 ‘No	 no	 no,	 you	 cannot
change	 the	 stones	 on	 the	 street,	 that	 is	 what	 makes	 Paris	 Paris!”
Chiambaretta	 told	 me.	 “And	 the	 tree	 people	 say,	 ‘No	 no	 no,	 you
can’t	remove	any	of	the	trees	that	are	already	there,	even	if	they	are
diseased.	If	you	try	to	cut	down	one,	we	will	tie	ourselves	to	it	and
call	 in	 the	 media!’	 And	 so	 what	 will	 get	 built,	 how	 far	 we	 will	 be
able	to	go	with	this,	I	don’t	know	yet.	We	can	save	the	future	or	we
can	save	the	past,	but	we	can’t	do	both.”

Lirzin	 fears	 the	 same	 thing	 with	 rules	 and	 laws	 that	 make	 it
impossibly	 difficult	 to	 modify	 any	 of	 the	 Haussmann	 buildings	 in
the	center	of	the	city.	“Because	the	heat	is	not	going	to	stop	soon,
people	will	have	to	do	something,”	Lirzin	says.	“And	what	they	will
probably	 do	 is	 the	 same	 thing	 that	 people	 are	 doing	 all	 over	 the
world—buy	 an	 air	 conditioner	 and	 stick	 it	 in	 the	 window.	And	 for
Paris,	 that	 would	 be	 a	 disaster.	 It	 would	 increase	 the	 demand	 on
the	gird,	which	would	increase	the	risk	of	blackouts.	And	it	would
be	ugly.”

There	 are	 other	 ways	 to	 cool	 off	 Paris.	 Lirzin	 points	 out	 that
many	public	buildings	already	use	a	district	cooling	system,	which
circulates	water	chilled	by	being	underground	through	pipes	in	the
building.	The	system	could	be	expanded	to	 include	other	parts	of
Paris,	 as	 well	 as	 private	 homes.	 But	 that	 would	 be	 a	 major
undertaking.

Buildings	could	also	be	retrofitted	so	they	don’t	need	artificial
cooling	 at	 all.	 Lacaton	 &	 Vassal,	 a	 French	 architecture	 firm	 that
won	 the	 Pritzker	 Prize	 in	 2021	 (the	 Nobel	 Prize	 of	 architecture),
specializes	 in	reimagining	old	buildings	 in	new	ways.	One	of	their
best-known	 projects	 took	 503	 apartments	 in	 an	 ugly,	 inefficient
concrete	 government	 housing	 building	 in	 Bordeaux	 and
transformed	 them	 into	 bright,	 airy,	 well-ventilated	 dwellings.	 And
they	 did	 it	 cheaply,	 and	 without	 displacing	 any	 residents	 (in	 fact,
residents	didn’t	even	have	to	move	out	during	the	remodeling).	The
project	was	largely	paid	for	by	the	French	government,	which	had	a
worthy	 commitment	 to	 improving	 the	 lives	 of	 people	 in	 the	 old



worthy	 commitment	 to	 improving	 the	 lives	 of	 people	 in	 the	 old

building.	 Why	 not	 scale	 it	 up	 and	 undertake	 a	 Haussmann-style
retrofitting	of	every	old	building	in	Paris?

It’s	not	unimaginable.	After	all,	France	is	spending	$40	billion	to
expand	 the	 Métro	 line	 beyond	 the	 inner	 city,	 adding	 125	 miles	 of
track	 (mostly	 underground)	 and	 building	 68	 new	 Métro	 stations
that	will	make	it	easier	for	people	who	live	in	the	distant	suburbs	to
get	 into	 the	 city	 without	 driving.	 The	 expansion,	 known	 as	 the
Grand	Paris	Express	and	scheduled	to	be	completed	in	2030,	will
take	150,000	cars	off	the	road.

“The	 challenge	 now	 is	 to	 carry	 out	 a	 Haussmanian
transformation	in	a	short	time,	but	without	guns,	with	a	democratic
process,”	said	Alexandre	Florentin,	thirty-six,	a	member	of	the	Paris
city	council	who	represents	the	Thirteenth	Arrondissement,	which
is	home	to	the	city’s	largest	Asian	immigrant	population.	Florentin
is	 part	 of	 a	 growing	 number	 of	 young	 Parisians	 who	 see	 extreme
heat	 as	 a	 mortal	 threat	 to	 the	 City	 of	 Light.	 It’s	 not	 just	 the	 zinc
roofs,	 he	 said.	 It’s	 the	 fact	 that	 schools	 aren’t	 insulated	 or	 air-
conditioned	 and	 hospitals	 are	 poorly	 built	 for	 heat	 and	 the	 vast
majority	 of	 Parisians	 in	 his	 district	 are	 uneducated	 about	 how	 to
handle	 heat.	 Florentin	 fears	 the	 city	 is	 headed	 for	 an	 apocalyptic
future:	 summer	 blackouts,	 overrun	 emergency	 rooms,	 food
shortages,	epic	traffic	 jams	as	people	escape	the	city,	firefighters
dying	of	heatstroke	as	they	fight	wildfires	in	the	Bois	de	Vincennes.
“We	 have	 entered	 a	 new	 climate	 and	 energy	 paradigm,”	 Florentin
argued.	 “We	 need	 a	 social	 and	 cultural	 transformation	 on	 a	 level
that	I’m	afraid	people	who	have	been	in	power	for	the	last	twenty
years	cannot	really	imagine.”

How	 does	 that	 transformation	 happen?	 “You	 have	 to	 build	 a
political	 movement,”	 Florentin	 told	 me.	 “The	 people	 have	 to
demand	it.”	And	it’s	not	like	the	status	quo	is	an	option.	One	way	or
another,	 Paris—like	 every	 other	 city	 in	 the	 mid-latitudes—is	 going
to	 be	 reshaped	 by	 extreme	 heat	 just	 as	 surely	 as	 it	 has	 been
reshaped	 over	 the	 centuries	 by	 war	 and	 disease	 and	 commerce.
Florentin	 pushed	 the	 city	 council	 to	 establish	 a	 fifteen-member
commission	called	“Paris	at	50°C,”	which	will	hold	public	meetings
around	 the	 city	 and	 make	 recommendations	 to	 the	 full	 council
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about	the	best	strategies	to	adapt	to	extreme	heat.	“Here	in	Paris,
there	 are	 three	 options,”	 Florentin	 said	 bluntly.	 “We	 roast,	 we	 flee,
or	we	act.”

Footnotes
1	In	2021,	the	French	parliament	passed	a	law	restricting	the	rental	of	poorly	insulated	houses	and
apartments.	Since	most	apartments	under	zinc	roofs	are	not	insulated,	most	of	these	garrets	will
be	pushed	out	of	the	rental	market	by	2035.	This	law	was	intended	to	protect	people	not	from	heat
waves	but	from	high	electricity	bills;	however,	in	the	end,	it	serves	the	same	goal.
2	Tree	maintenance	costs	can	be	reduced	by	planting	climate-appropriate	trees.	In	parts	of	Arizona,
for	 instance	 climate-appropriate	 trees	 like	 mesquite	 or	 ash	 only	 require	 extra	 water	 for	 the	 first
year	or	two	after	they	are	planted.	When	they	get	bigger,	the	larger	shade	canopy	often	increases

soil	moisture	by	reducing	evaporation.	

chapter013.xhtml#fn0016
chapter013.xhtml#fn0017


14.	THE	WHITE	BEAR

“HEY,	 GUYS,	 WE	 have	 a	 visitor,”	 Geoff	 Holmes	 called	 from	 outside	 the
tent.	 “You	might	want	to	get	up	and	check	this	out.	And	bring	the
gun.”

We	 were	 high	 in	 the	 Canadian	Arctic,	 on	 Baffin	 Island,1	 about
halfway	 through	 a	 two-hundred-mile	 cross-country	 ski	 trek.	 I	 was
traveling	 with	 two	 friends,	 David	 Keith,	 a	 professor	 of	 applied
physics	at	the	University	of	Calgary	(he	has	since	moved	on	to	the
University	 of	 Chicago),	 and	 Geoff	 Holmes,	 a	 Canadian	 engineer
and	 former	 river	 guide	 who	 had	 rafted	 down	 some	 of	 the	 wildest
rivers	 in	 Canada.	 In	 the	 first	 two	 weeks	 of	 our	 journey,	 which
involved	hauling	plastic	sleds	loaded	with	a	hundred	pounds	or	so
of	camping	gear,	food,	and	whiskey	across	the	ice,	we	had	seen	no
one	but	a	few	wild-eyed	BASE	jumpers	preparing	to	leap	off	a	four-
thousand-foot	granite	cliff	in	a	fjord	near	the	coast.

Nor	 had	 we	 seen	 any	 polar	 bears.	That	 was	 a	 little	 surprising,
given	that	Baffin	Island	has	one	of	the	densest	population	of	polar
bears	 in	 the	 world.	 Before	 we	 left	 Clyde	 River,	 the	 Inuit	 village
where	we	began	our	trip,	one	of	the	Inuit	elders	had	told	us	to	be
on	 our	 guard.	 Because	 of	 the	 unusually	 warm	 spring	 weather,	 he
explained,	“we’ve	been	seeing	a	lot	of	bears.	They’re	on	the	move.”

And	 so	 they	 were.	 From	 the	 tone	 of	 Holmes’s	 voice,	 I	 knew
exactly	 who—or	 what—our	 visitor	 was.	 I	 pulled	 on	 my	 boots	 and
grabbed	 the	 twelve-gauge	 shotgun	 that	 was	 lying	 beside	 my
sleeping	 bag.	 In	 any	 other	 situation,	 sleeping	 with	 a	 loaded
shotgun	was	not	my	idea	of	fun.	But	in	the	Arctic,	it	was	comforting
to	 have	 it	 around.	 Sometimes,	 as	 we	 were	 about	 to	 drift	 off	 to
sleep,	 Holmes	 would	 joke,	 “Is	 your	 girlfriend	 all	 tucked	 in	 and
cozy?”

Keith	 and	 I	 stumbled	 out	 of	 the	 tent.	 It	 was	 about	 11	 p.m.,	 but
because	we	were	in	the	Arctic,	it	was	not	dark.	At	night,	instead	of
sinking	 below	 the	 horizon,	 the	 sun	 just	 dipped	 low	 in	 the	 sky,
creating	 a	 long,	 cold	 twilight	 that	 cast	 everything	 in	 a	 Hollywood

toc.xhtml#toc-chapter014
toc.xhtml#toc-chapter014
chapter014.xhtml#fn0018fn


creating	 a	 long,	 cold	 twilight	 that	 cast	 everything	 in	 a	 Hollywood

glow.	Holmes	stood	about	twenty	feet	from	the	tent,	where	he	had
gone	 to	 take	 a	 piss.	 Several	 hundred	 feet	 beyond	 him	 was	 our
visitor—a	female	polar	bear,	with	a	young	cub	close	at	her	side.

It’s	a	strange	feeling,	seeing	a	polar	bear	in	the	wild	for	the	first
time.	Polar	bears	are	such	familiar	creatures—they’re	on	Coke	cans
and	ice	cream	packages,	and	white	teddy	bears	are	on	the	beds	of
half	 the	 kids	 in	 America.	 And	 who	 hasn’t	 seen	 National
Geographic–style	 photos	 of	 a	 mama	 polar	 bear	 and	 her	 cubs
trekking	 across	 the	 ice	 and	 not	 thought,	They’re	 so	 cute!	 In	 fact,
media	 images	of	polar	bears	are	so	relentlessly	charming	that	 it’s
easy	 to	 forget	 that	 they	 are	 also	 wild	 animals,	 that,	 given	 the
opportunity,	 will	 not	 hesitate	 to	 eat	 you.	 At	 least,	 I	 had	 forgotten
that.	But	I	remembered	now.

We	stood	in	silence	for	a	moment,	watching	her.	Her	fur	had	a
yellowish	hue	against	the	blue-white	ice.	She	stopped	and	swayed
her	 head	 slowly	 side	 to	 side,	 then	 lowered	 her	 nose	 so	 it	 was
almost	touching	the	ice.	Her	black	eyes	and	nose	made	an	inverted
triangle	 in	 her	 face.	 Her	 cub	 looked	 worried	 and	 huddled	 beside
her.

“She	looks	hungry,”	Holmes	said.
“Yeah,”	Keith	said.	“Let’s	hope	she	doesn’t	come	any	closer.”
I	was	no	polar	bear	expert,	but	I	knew	that	a	mother	bear	with

her	cub	could	be	unpredictable	and	dangerous.
“Let’s	make	some	noise,”	I	said.
“The	gun	is	ready	to	go,	right?”	Keith	asked.
I	 lifted	 the	 gun	 up	 to	 show	 him.	 It	 was	 loaded	 with	 three	 bear

slugs,	which	are	basically	big	hunks	of	lead	that	can	stop	a	tank	at
twenty	yards.	I	flicked	the	safety	off.	I	was	aware	of	myself	thinking:
Are	you	really	going	to	shoot	a	bear?

“Yeah,	ready,”	I	said.
We	 started	 waving	 our	 arms	 and	 yelling	 as	 loud	 as	 we	 could.

The	 bear	 understood	 immediately	 that	 we	 were	 trying	 to
communicate	 with	 her.	 She	 reared	 up	 on	 her	 back	 legs.	 As	 she
stood	there,	tall	and	erect	and	well	balanced,	she	looked	startlingly
dignified	and	human.	She	lifted	her	nose,	sniffing	the	air	for	clues.

“Shall	I	fire	a	warning	shot?”	I	asked.



“Let’s	wait	and	see	if	she	moves	closer,”	Keith	said.
She	 didn’t.	 Instead,	 she	 dropped	 back	 down	 on	 all	 fours	 and

began	to	walk	perpendicular	to	us.	It	wasn’t	a	retreat,	but	it	wasn’t
an	 advance	 either.	 The	 cub	 followed,	 straggling	 along	 in	 an
adolescent	 way.	 We	 watched	 her	 for	 about	 a	 half	 hour,	 circling
wide	along	the	horizon.

“I	think	she’s	leaving,”	Holmes	said	hopefully.
We	 watched	 her	 lumber	 along	 for	 a	 while,	 growing	 smaller	 in

the	distance.	I	still	couldn’t	quite	grasp	the	fact	that	I	was	seeing	a
polar	bear	in	the	wild.	It	was	like	glimpsing	Beyoncé	cruising	down
Sunset	Boulevard	 in	a	Bentley—the	sight	was	at	once	surreal	and
predictable.

After	 the	 adrenaline	 drained	 away,	 I	 suddenly	 felt	 tired	 and
sleepy.	We	had	had	a	particularly	difficult	haul	across	the	ice	that
day.	And	if	I’d	learned	one	thing	on	this	Arctic	trip	so	far,	it	was	this:
in	a	contest	between	fear	and	fatigue,	fatigue	usually	wins.

We	 climbed	 back	 into	 the	 tent,	 joking	 about	 whether	 polar
bears	prefer	North	Face	or	Patagonia	as	an	appetizer.	Two	minutes
later,	I	was	fast	asleep.

The	next	morning,	when	we	packed	up	for	the	day’s	journey,	we
noticed	something	alarming:	fresh	bear	tracks	thirty	feet	from	our
tent.	While	we	slept,	she	had	come	back	to	investigate.

“Look	at	the	size	of	those	tracks,”	Holmes	said,	kneeling	down
for	a	closer	look.	Her	paw	prints	were	the	size	of	pie	plates.

It	 was	 a	 warm	 spring	 on	 Baffin	 Island.	We	 were	 out	 on	 the	 ice	 for
the	entire	month	of	May.	There	were	plenty	of	days	when	the	cold
wind	bit	my	face	and	the	temperature	dropped	below	zero	at	night.
But	 on	 some	 days,	 we	 skied	 with	 our	 shirts	 off.	 Around	 us,	 ice-
entombed	 mosses	 were	 thawing	 out	 for	 the	 first	 time	 in	 at	 least
forty-five	 thousand	 years,	 suggesting,	 one	 researcher	 said,	 that
temperatures	 are	 now	 warm	 enough	 “to	 melt	 all	 the	 ice	 in	 the
eastern	 Canadian	Arctic.”	As	 we	 skied	 along,	 we	 found	 that	 many
glaciers	 were	 a	 mile	 or	 so	 farther	 back	 than	 where	 they	 were
marked	on	our	1950s-era	topographic	maps.



Heat	in	a	supposedly	cold	place	is	terrifying.	Ice	is	a	precision
thermometer,	 registering	 the	 most	 minute	 changes.	 I	 felt	 it	 every
day	beneath	my	skis:	on	cold	days	the	ice	was	hard	and	we	could
skate	 along,	 but	 if	 the	 temperature	 rose	 just	 a	 few	 degrees,	 it
turned	to	slush	and	it	was	a	slog	to	get	anywhere.	It	changed	every
day,	and	every	hour.	On	warm	days,	skiing	over	ice-covered	fjords,	I
could	 hear	 cracks	 and	 feel	 the	 sea	 ice	 begin	 to	 buckle.	 Leads
opened	in	the	sea	ice,	and	as	long	as	they	were	less	than	a	foot	or
so	 across,	 we	 could	 ski	 over	 them.	 But	 it	 was	 alarming	 to	 look
down	and	see	water	beneath	us.

For	polar	bears,	heat	equals	starvation.	They	depend	on	sea	ice
to	 hunt	 seals.	When	 the	 sea	 ice	 is	 gone,	 they	 can	 no	 longer	 hunt.
Ideally,	 they	 gorge	 themselves	 on	 seals	 in	 the	 spring	 and	 early
summer,	 then	 fast	 for	 the	 rest	 of	 the	 year,	 surviving	 on	 stored
energy,	or,	if	they	are	lucky,	a	whale	carcass	that	happens	to	wash
up	 on	 shore.	 In	 May,	 when	 we	 were	 on	 Baffin,	 the	 bears	 are
ravenous	for	food.	They	know,	somewhere	in	their	inner	bear-ness,
that	the	season	is	moving	on,	that	it	is	now	or	never.	They	must	eat
or	die.

Pictures	 of	 hungry	 polar	 bears,	 trying	 to	 survive	 on	 rapidly
melting	 ice,	 are	 among	 the	 most	 familiar	 and	 gut-wrenching
images	of	our	rapidly	warming	world.	In	2018,	a	video	of	a	starving
polar	 bear	 on	 Baffin	 Island	 went	 viral,	 viewed	 more	 than	 two
million	 times	 by	 people	 all	 over	 the	 world,	 eliciting	 outrage	 and
sympathy.	 Paul	 Nicklen,	 the	 National	 Geographic	 photographer
who	shot	the	video,	told	the	New	York	Times	that	the	image	of	the
staggering,	skeleton-thin	bear	“rips	the	heart	out	of	your	chest.”

Some	 scientists	 and	 climate	 activists	 balked	 at	 the	 attention
the	polar	bear	video	received,	warning	that	emotional	reactions	are
fleeting,	and	that	it	is	the	human	impact	of	climate	change	that	we
should	 be	 focusing	 on,	 not	 suffering	 bears.	 But	 other	 scientists
understood	 that	 telling	 stories	 about	 what’s	 happening	 to	 polar
bears	 is	 a	 useful	 bridge	 to	 helping	 people	 understand	 what’s
happening	 to	 human	 beings.	 “We	 care	 about	 the	 polar	 bears
because	 they’re	 showing	 us	 what’s	 going	 to	 happen	 to	 us,”	 says
Steven	Amstrup,	 the	 chief	 scientist	 for	 Polar	 Bear	 International,	 a
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nonprofit	 polar	 bear	 conservation	 group.	 “If	 we	 don’t	 heed	 their
warning,	we’re	next.”

The	 Arctic	 first	 appeared	 in	 the	 Western	 imagination	 in	 330	 BCE,
when	a	Greek	geographer	and	explorer	named	Pytheas	left	what	is
now	the	city	of	Marseilles	and	sailed	for	the	Far	North.	It’s	not	clear
exactly	what	landmass	he	reached—it	might	have	been	Iceland,	it
might	have	been	Greenland.	Whatever	 it	was,	 it	 lay	six	days	north
of	 England	 and	 one	 day	 south	 of	 what	 Pytheas	 described	 as	 a
frozen	ocean,	a	place	that	man	could	“neither	sail	nor	walk.”	As	one
literary	critic	put	it,	“at	a	time	when	Aristotle	was	still	hanging	out
in	the	agora,	Pytheas	had	discovered	pack	ice.”

Pytheas	 called	 the	 place	 he	 encountered	 Thule,	 as	 in	 ultima
Thule—the	 land	 beyond	 all	 known	 lands.	 That	 is	 one	 of	 several
names	the	Greeks	gave	us	for	the	Far	North.	Another	is	Arctic,	from
Arktikos—“of	the	great	bear.”	The	reference	was	not	to	polar	bears,
which	 were	 unknown	 in	 Europe	 until	 the	 eleventh	 century,	 but	 to
Ursa	 Major,	 the	 most	 prominent	 circumpolar	 constellation	 in	 the
northern	skies.

By	the	nineteenth	century,	the	Europeans	and	the	British	were
fairly	obsessed	with	the	Arctic.	Much	of	the	fascination	was	driven
by	 the	 search	 for	 the	 Northwest	 Passage,	 which	 was	 a	 long-
dreamt-of	 shorter	 water	 route	 between	 Europe	 and	 Asia	 whose
discovery,	 it	 was	 hoped,	 would	 dramatically	 accelerate	 global
trade.	 Others	 were	 obsessed	 with	 the	 glory	 of	 who	 could	 obtain
“farthest	north”—that	is,	the	highest	latitude	yet	reached	by	man.

And	the	obsession	with	the	Arctic	translated	into	an	obsession
with	 polar	 bears,	 which	 were	 shipped	 over	 in	 cages	 and	 became
mainstays	 of	 traveling	 circuses	 and	 sideshows.	 The	 whiteness	 of
polar	 bears	 was	 a	 subject	 of	 particular	 fascination.	 In	Moby	Dick,
Herman	 Melville	 wonders	 why	 the	 color	 white,	 despite	 its
association	 with	 things	 “sweet,	 and	 honorable,	 and	 sublime,”
strikes	 “panic	 to	 the	 soul.”	 He	 uses	 the	 polar	 bear	 as	 an	 example,
arguing	 that	 the	 bear’s	 whiteness	 hides	 its	 “irresponsible
ferociousness”	with	a	“fleece	of	celestial	innocence	and	love.”



For	 hundreds	 of	 years,	 the	 North	 Pole	 was	 a	 destination	 for
heroic	Arctic	explorers—American	Robert	Peary	famously	claimed
to	have	reached	the	pole	in	1909,	although	his	accomplishment	is
now	widely	viewed	as	fraudulent.	The	first	undisputed	account	of	a
human	 being	 setting	 foot	 on	 the	 North	 Pole	 was	 about	 British
explorer	 Sir	 Wally	 Herbert,	 who,	 along	 with	 his	 team	 of	 dogs,
arrived	on	April	6,	1969.	By	the	time	the	centennial	anniversary	of
Herbert’s	 conquest	 arrives,	 because	 of	 the	 rapid	 warming	 of	 the
region,	you’ll	likely	be	able	to	travel	across	the	Arctic	in	a	sailboat.

But	 a	 vanishing	 Arctic	 is	 not	 just	 a	 symbol	 of	 our	 changing
climate.	It	has	real	impacts	on	the	lives	of	virtually	everyone	on	the
planet.	 A	 warmer	 Arctic	 alters	 the	 thermodynamic	 balance	 of	 the
Earth’s	 atmosphere,	 changing	 the	 pressure	 gradients	 that	 create
heat	waves,	and	altering	rainfall	patterns,	especially	in	Europe	and
Asia,	which	will	have	big	implications	for	food	production.	Rapidly
melting	 ice	 sheets	 in	 the	 Arctic	 also	 accelerates	 sea-level	 rise,
inundating	 coastal	 cities	 around	 the	 world,	 stranding	 billions	 of
dollars’	worth	of	real	estate	and	forcing	tens	of	millions	of	people
to	move	to	higher	ground.

A	 warming	 Arctic	 is	 also	 speeding	 up	 the	 melting	 of
permafrost,	 releasing	 vast	 quantities	 of	 methane,	 a	 greenhouse
gas	that	is	twenty-five	times	more	potent	than	CO2.	More	methane
means	more	warming,	which	will	release	still	more	methane—when
scientists	talk	about	a	looming	climate	catastrophe,	this	 is	one	of
the	 scenarios	 that	 worries	 them	 most.	 And	 it’s	 not	 just	 methane
and	 woolly	 mammoth	 bones	 that	 are	 locked	 up	 in	 the	 Arctic
permafrost—there	 are	 also	 viruses	 and	 pathogens	 from	 an	 earlier
time,	 which,	 as	 I	 mentioned	 in	 a	 previous	 chapter,	 when	 thawed
and	released	into	our	world,	could	unleash	a	global	pandemic	(Bill
Gates,	 an	 incurable	 optimist	 on	 many	 public	 health	 issues,	 once
told	 me	 that	 pathogens	 released	 from	 thawed	 permafrost
represent	the	one	climate	change	impact	that	keeps	him	awake	at
night).

As	 the	 ice	 disappears,	 so	 will	 the	 polar	 bears.	 They	 have
evolved	to	survive	in	a	very	particular	ecological	niche,	one	that	is
populated	mostly	by	ice	and	seals.	Their	white	coats	blend	in	with
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the	ice.	Their	front	paws,	exquisitely	evolved	by	yanking	seals	out
of	 the	 sea,	 are	 larger	 and	 shaped	 more	 like	 fish-hooks	 than	 the
knife-like	 claws	 of	 other	 bears,	 which	 have	 evolved	 for	 climbing
and	digging	as	well	as	hunting.

Although	 polar	 bears	 can	 breed	 with	 grizzly	 bears,	 creating
hybrid	 offspring,	 that	 is	 not	 a	 survival	 strategy	 for	 the	 species.
Wildlife	 biologists	 believe	 the	 population	 of	 polar	 bears	 will
dwindle	with	the	ice,	retreating	farther	and	farther	north.	Polar	bear
rescue	 groups	 will	 likely	 arrange	 food	 drops	 from	 helicopters	 to
keep	 the	 remaining	 bears	 alive	 (it’s	 already	 a	 subject	 of	 active
discussion).	But	as	their	population	shrinks,	so	will	their	gene	pool,
leaving	them	more	vulnerable	to	disease	and	less	able	to	adapt	to
changing	conditions.	A	few	pampered	polar	bears	will	live	on	for	a
while	in	zoos,	but	unless	we	take	radical	action	to	stop	heating	up
the	climate	in	the	next	few	decades,	wild	polar	bears	are	goners.

That’s	what	most	scientists	believe,	anyway.	But	there’s	at	least
one	 scientist	 out	 there	 whose	 deep	 connection	 to	 nature	 and
willingness	 to	 explore	 controversial	 ideas	 led	 him	 to	 wonder	 if
there	 was	 a	 way	 to	 save	 the	 ice	 in	 the	 Arctic	 and,	 as	 a
consequence,	save	the	bears.	And	that	scientist	was	David	Keith.

Keith	is	a	tall,	wiry	guy	with	a	narrow	face	and	intense	green	eyes
that	 seem	 to	 shoot	 laser	 beams	 when	 he	 is	 focusing	 hard	 on
something.	If	you	met	him	on	the	street,	you	might	guess	that	he	is
a	 scientist.	 But	 you	 would	 probably	 not	 guess	 that	 he	 likes	 to
spend	his	lunch	breaks	in	a	rock-climbing	gym.	It	had	long	been	his
dream	to	ski	across	Baffin	Island,	and	he	did	the	lion’s	share	of	the
organizing	and	logistical	work	to	make	our	trip	happen.

For	 Keith,	 the	 cold	 north	 was	 a	 landscape	 of	 adventure	 and
beauty.	Over	beers	on	the	deck	of	his	home	in	Calgary,	he	told	me
about	 growing	 up	 in	 Ottawa,	 where	 one	 of	 his	 neighbors	 was
Graham	Rowley,	an	Arctic	explorer	who	helped	map	Baffin	Island	in
the	1920s.	“His	house	was	full	of	walrus	tusks	and	he	was	always
telling	stories	about	encounters	with	polar	bears,”	Keith	recalled.	“I
wanted	 to	 grow	 up	 to	 be	 just	 like	 him.”	 After	 college,	 Keith	 spent
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four	 months	 in	 a	 shack	 on	 Dundas	 Island	 in	 the	 high	 Arctic,
studying	 walruses	 with	 Ian	 Stirling,	 a	 wildlife	 biologist	 who	 also
happened	 to	 be	 one	 of	 the	 world’s	 leading	 authorities	 on	 polar
bears.

I	 had	 met	 Keith	 while	 I	 was	 reporting	 a	 story	 about
geoengineering—that	 is,	 large-scale	 manipulation	 of	 the	 Earth’s
climate	to	reduce	the	 impacts	of	global	warming—and	heard	that
Keith	 was	 building	 a	 machine	 that	 could	 scrub	 CO2	 out	 of	 the
atmosphere,	 which	 would	 then	 allow	 that	 CO2	 to	 be	 compressed
and	 buried	 deep	 underground.	 A	 decade	 ago,	 when	 I	 met	 Keith,
this	was	a	radical	idea.	Today,	the	technology,	known	as	direct	air
capture,	 is	 attracting	 billions	 of	 dollars	 of	 investment	 from
companies	 like	 Google	 and	 Microsoft.	 Keith	 ended	 up	 starting	 a
company	 called	 Carbon	 Engineering,	 which	 now	 employs	 170
people	 and	 is	 building	 carbon	 capture	 projects	 for	 big
corporations	like	Airbus.

At	the	time,	Keith	was	also	one	of	the	leading	thinkers	in	a	far
more	 outlandish	 proposal	 to	 cool	 the	 planet	 by	 using	 a	 fleet	 of
high-altitude	 aircraft	 to	 spray	 sulfate	 particles	 high	 in	 the
stratosphere.	The	particles	would	act	as	tiny	reflectors,	diverting	a
tiny	amount	of	the	sunlight	that	would	otherwise	hit	the	Earth.	The
idea	more	or	less	mimics	the	effects	of	a	volcano	eruption,	which
shoots	sulfur	into	the	atmosphere.	The	sulfur	oxidizes	into	sulfuric
acid,	 which	 accumulates	 in	 particles	 that	 drift	 around	 in	 the	 sky,
reflecting	 sunlight.	 How	 much	 the	 particles	 cool	 the	 planet
depends	 on	 how	 big	 the	 eruption	 is.	 When	 Mount	 Pinatubo,	 a
volcano	 in	 the	 Philippines,	 erupted	 in	 1991,	 it	 shot	 fifteen	 million
tons	of	sulfur	dioxide	into	the	atmosphere	and	cooled	the	climate
by	 about	 one	 degree	 for	 a	 year.	 A	 human-made	 geoengineering
scheme	 would	 work	 in	 a	 similar	 way,	 and	 would	 create,	 to	 put	 it
crudely,	a	thermostat	knob	for	the	Earth’s	climate.

“I	think	we	have	a	moral	obligation	to	take	this	idea	seriously,”
Keith	told	me	not	long	after	we	met.	“I’m	not	saying	we	should	do	it,
but	even	critics	who	think	solar	geoengineering	is	a	bad	idea	agree
that	 there	 is	 no	 technological	 or	 scientific	 reason	 why	 it	 wouldn’t
cool	 the	 planet.	 The	 big	 questions	 are,	 who	 benefits?	 Who
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suffers?”
There	 are	 a	 million	 reasons	 why	 this	 is	 a	 dangerous	 idea,

including	 the	 fact	 that	 the	 particles	 rain	 out	 of	 the	 sky	 and	 so
would	 have	 to	 be	 replenished	 every	 year	 or	 so,	 as	 well	 as	 the	 so-
called	 moral	 hazard	 problem—if	 we	 can	 cool	 the	 planet	 by
spraying	 particles	 into	 the	 stratosphere,	 why	 bother	 cutting	 fossil
fuel	 pollution?	 Keith	 is	 hyperaware	 of	 this,	 and	 is	 careful	 to
underscore	 that	 solar	 geoengineering	 (also	 known	 as	 solar
radiation	management)	 is	not	a	replacement	for	eliminating	fossil
fuels,	but	perhaps	a	way	to	take	the	edge	off	the	heat	until	we	can
reduce	emissions	to	zero.

One	of	the	biggest	concerns	about	solar	geoengineering	is	how
it	 might	 impact	 monsoons,	 which	 millions	 of	 people	 around	 the
world	depend	on	to	bring	water	to	the	crops	they	need	to	survive.
But	 the	 effect	 of	 dimming	 the	 sun	 on	 crops	 and	 shifting	 rainfall
patterns	 is	 difficult	 to	 model	 (in	 fact,	 a	 number	 of	 papers	 have
shown	 improved	 crop	 productivity).	 There	 is	 also	 some	 terrible
death	 arbitrage	 to	 calculate	 in	 any	 discussion	 about
geoengineering,	 since	 adding	 more	 particles	 to	 the	 atmosphere
will	undoubtedly	lead	to	people	inhaling	them.	Air	pollution	already
kills	 as	 many	 as	 ten	 million	 people	 each	 year.	 However,	 Keith
argues	 that	 air	 pollution	 deaths	 from	 the	 added	 sulfur	 in	 the	 air
would	 be	 more	 than	 offset	 by	 declines	 in	 the	 number	 of	 deaths
from	extreme	heat,	which	would	be	ten	to	a	hundred	times	larger.

According	 to	 Keith,	 recent	 modeling	 of	 solar	 geoengineering
suggests	 that	 the	 benefits	 would	 be	 particularly	 large	 for	 the
poorest	people	in	the	hottest	regions	of	the	world.	“That	alone	is	a
profound	ethical	reason	to	take	this	seriously,”	he	told	me.

But	taking	geoengineering	seriously	is	a	difficult	thing	for	many
people	to	do.	The	best	way	to	stop	heating	up	the	planet	is	to	stop
burning	 fossil	 fuels	 and	 dumping	 more	 and	 more	 CO2	 into	 the
atmosphere.	As	soon	as	that	happens,	the	Earth’s	temperature	will
stop	rising.	Then,	over	the	decades	and	centuries	after	that,	as	long
as	 future	 humans	 don’t	 go	 back	 to	 burning	 fossil	 fuels	 and
dumping	 more	 CO2	 into	 the	 atmosphere,	 the	 Earth’s	 temperature
will	slowly	decline.



We	would	all	like	to	think	that’s	going	to	happen	soon.	But	the
unfortunate	truth	is	that	right	now,	the	industrialized	nations	of	the
world	are	still	dumping	thirty-six	billion	tons	or	so	of	CO2	 into	the
atmosphere	every	year,	which	is	roughly	ten	times	faster	than	has
ever	 happened	 in	 Earth’s	 known	 history,	 even	 during	 past	 mass
extinction	events.

So	that	brings	up	the	question:	If	some	global	consensus	was
reached	 that	 we	 really	 needed	 to	 cool	 the	 planet	 off	 fast,	 how
would	we	do	it?	Are	there	tools	we	could	use	to	take	the	edge	off
the	heat?	In	a	world	of	extreme	heat,	I	wondered	aloud	one	day	on
Baffin,	what	does	a	planetary	air	conditioner	look	like?

“A	 planetary	 air	 conditioner	 is	 not	 a	 great	 analogy,”	 Keith
replied.	As	we	talked,	we	were	resting	on	a	slab	of	ice,	with	nothing
but	sky	and	rocks	and	more	 ice—always	more	 ice—all	around	us.
“If	you	have	to	make	an	analogy,	a	sunshade	is	better.”

“Whatever	 you	 call	 it,	 it’s	 still	 a	 dangerous	 idea.	 You’re	 talking
about	spraying	a	bunch	of	particles	into	the	sky.”

“Yes,”	Keith	said.	“I’m	suggesting	we	should	not	dismiss	it	out	of
hand.	We	should	at	least	study	it	and	learn	more	about	the	risks.”

“I	 think	 most	 people	 would	 say	 that	 those	 risks	 are	 pretty	 big.
You’re	 talking	 about	 messing	 with	 the	 operating	 system	 of	 the
entire	planet.”

“Okay.	But	we’re	already	messing	with	the	operating	system	of
the	entire	planet	in	all	kinds	of	ways.	What	do	you	think	agriculture
is?	Every	time	you	start	up	your	car,	you’re	dumping	pollutants	into
the	 air	 and	 messing	 with	 the	 atmosphere.	 Humans	 are	 the
dominant	force	on	the	planet,	and	it’s	our	job	to	manage	it	as	best
we	can.”

Polar	 bears	 may	 look	 cuddly	 and	 cute,	 but	 they	 are	 the	 apex
predators	 of	 the	 Far	 North.	 That	 is,	 there’s	 nothing	 in	 the	 polar
bear’s	 realm	 that	 hunts	 it.	 It’s	 afraid	 of	 nothing,	 because	 in	 its
world,	it	has	nothing	to	fear.	Everything	in	a	polar	bear’s	domain	is
food	 until	 proven	 otherwise.	 Unlike	 other	 bears,	 which	 are
omnivorous	(grizzlies	eat	everything	from	plant	roots	to	elk),	polar



omnivorous	(grizzlies	eat	everything	from	plant	roots	to	elk),	polar

bears	 are	 pure	 meat-eaters.	 While	 their	 preferred	 meal	 is	 seals,
they	 have	 also	 been	 known	 to	 kill	 and	 eat	 walrus,	 beluga	 whales,
and,	in	hard	times,	one	another.	Male	polar	bears	have	a	particular
appetite	 for	 cubs,	 which	 is	 why	 mother	 bears	 do	 everything	 they
can	to	stay	away	from	male	bears	when	their	cubs	are	young.

During	 the	 first	 two	 weeks	 of	 our	 trip,	 we	 spent	 most	 of	 our
time	 winding	 through	 the	 fjords	 along	 the	 coast	 of	 Baffin,	 where
the	 ice	was	solid.	All	 the	bears,	we	believed,	were	out	on	the	floe
edge—the	place	farther	out	where	the	open	sea	meets	the	frozen
sea.	For	polar	bears,	this	is	the	best	hunting	terrain,	allowing	them
to	catch	seals	when	they	pop	up	in	their	breathing	holes	in	the	sea
ice,	as	well	as	when	they	haul	themselves	out	to	rest	on	chunks	of
ice	 adrift	 in	 the	 sea.	 Although	 we	 didn’t	 know	 exactly	 where	 the
floe	edge	was,	we	assumed	it	was	miles	from	the	shore.	Our	guess
was	 that	 all	 the	 polar	 bears	 were	 busy	 hunting	 out	 there,	 and	 by
hugging	close	to	the	shore	of	the	island	among	the	fjords,	we	were
fairly	safe.

But	after	the	first	sighting	of	the	bear	and	her	cubs,	we	learned
otherwise.	 In	the	following	days,	we	began	seeing	more	and	more
bear	 tracks.	 Some	 were	 several	 days	 old;	 others	 looked	 like	 they
had	 been	 made	 five	 minutes	 before	 we	 arrived.	We	 crossed	 what
we	 jokingly	 called	 bear	 highways,	 which	 were	 well-worn	 paths	 in
the	ice	that	bears	used	to	travel	back	and	forth	from	the	floe	edge.
One	day	we	discovered	the	solitary	marks	of	a	wandering	bear	that
looped	 and	 circled	 for	 no	 apparent	 reason.	 But	 the	 farther	 we
traveled,	the	more	bear	prints	we	saw.

Not	surprisingly,	we	also	sighted	more	and	more	bears.	At	least
we	thought	we	did.	Usually	it	was	just	a	glimpse	in	the	distance,	a
moving	 shape	 that	 appeared	 against	 the	 dark	 background	 of	 a
granite	 outcropping.	 But	 it	 was	 hard	 to	 be	 sure.	 Keith	 would	 be
skiing	 along,	 and	 suddenly	 he	 would	 stop	 and	 gaze	 into	 the
distance,	and	I	knew	exactly	what	he	was	doing.

“Anything?”	I’d	ask.
“Not	sure,”	he’d	say.
I’d	 get	 out	 my	 binoculars	 and	 look.	 Sometimes	 I’d	 see	 a	 bear

lumbering	along.	Or	what	I	thought	was	a	bear.	Maybe	it	was	just	a



lumbering	along.	Or	what	I	thought	was	a	bear.	Maybe	it	was	just	a

rock	or	a	wisp	of	fog.	The	farther	we	went	into	polar	bear	country,
the	more	often	we	stopped	and	looked.	My	brain	was	playing	tricks
on	me,	seeing	bears	where	there	were	none,	a	manifestation	of	the
creeping	fear	we	were	feeling	as	we	moved	deeper	and	deeper	into
the	polar	bears’	territory.	Were	we	being	tracked?	We	didn’t	know.

The	 worst	 moments	 were	 when	 visibility	 dropped	 because	 it
was	 snowing	 or	 overcast.	 On	 some	 days,	 we	 couldn’t	 see	 twenty
feet	 in	front	of	us.	One	fogbound	day,	we	crossed	paw	prints	of	a
bear	and	her	cubs	that	could	not	have	been	more	than	an	hour	old.
So	we	knew	they	were	near	us.	Was	 it	 the	same	family	we’d	seen
before?	We	could	see	nothing.	It	was	like	being	hunted	by	a	ghost.

One	 day,	 when	 we	 came	 upon	 a	 towering	 iceberg	 trapped	 in
the	sea	ice,	Keith	and	I	decided	to	climb	it	and	get	a	view.	Holmes
thought	 it	 was	 an	 idiotic	 idea	 and	 kept	 a	 safe	 distance	 away—
icebergs,	 which	 are	 really	 just	 big	 floating	 chunks	 of	 ice,	 are
notoriously	 unstable	 and	 can	 flip	 over	 suddenly	 as	 ice	 melting
below	 the	 surface	 alters	 their	 center	 of	 gravity.	 But	 Keith	 and	 I
believed	this	particular	iceberg	was	safely	locked	up	in	the	sea	ice
and	 decided	 to	 go	 ahead.	 I	 gave	 the	 gun	 to	 Holmes.	 “Just	 in	 case
we	get	a	visitor,”	I	said.

The	 iceberg	 was	 a	 hundred	 feet	 or	 so	 tall,	 with	 several	 flat
outcroppings	 along	 the	 way.	 Keith	 climbed	 up	 one	 side,	 while	 I
scrambled	up	the	other.	Using	my	ice	axe	to	carve	handholds	and
footholds	 in	 the	 ice,	 I	 pulled	 myself	 up	 to	 the	 first	 outcropping,
which	was	a	wide,	flat	area	about	fifty	feet	up.

As	soon	as	I	hauled	myself	up,	I	nearly	tumbled	backward	from
shock—on	the	ice,	right	in	front	of	me,	was	fresh	bear	scat.	Fresh—
as	in,	hours,	or	even	minutes,	old.

“There’s	a	bear	up	here!”	I	yelled	to	Keith	in	a	kind	of	panic.	We
both	practically	leapt	off	the	iceberg.

When	 we	 met	 up	 with	 Holmes,	 who	 was	 waiting	 with	 the	 gun
several	 hundred	 yards	 away,	 he	 looked	 at	 us	 both	 with
astonishment.

“You	guys	are	nuts,”	he	said.	“Do	you	want	to	die	on	this	trip?”



One	night	a	month	or	so	before	the	trip	began,	Keith	and	Holmes
and	 I	 sat	 in	 the	 living	 room	 of	 Keith’s	 house	 and	 discussed	 our
polar	 bear	 defense	 strategy.	 Keith	 explained	 that	 bear	 spray	 is
useless	 in	windy	conditions.	Some	people	who	trek	through	polar
bear	country	bring	dogs	to	alert	them	of	the	presence	of	bears.	We
decided,	 however,	 that	 dogs	 were	 too	 much	 hassle.	 Among	 other
things,	they	need	to	be	leashed	up	at	night,	and	you	have	to	haul
around	a	sled	full	of	dog	food.

Keith	had	a	better	way.	“We’ll	use	a	bear	wire,”	he	said.	It	would
work	like	this:	every	night	after	we	pitched	our	tent,	we	would	set
our	 ski	 poles	 in	 the	 ground	 in	 a	 circle	 about	 thirty	 feet	 from	 the
tent,	driving	them	into	the	ground	like	fence	posts.	Then	we	would
string	 a	 thin	 copper	 wire	 between	 them	 and	 connect	 both	 ends
into	 a	 little	 box	 with	 a	 battery	 and	 a	 buzzer	 in	 it.	The	 copper	 wire
formed	a	circuit,	and	if	a	bear	was	coming	into	our	camp,	it	would
break	the	wire	and	the	alarm	would	go	off,	giving	us	a	few	seconds’
warning	before	it	charged	into	our	tent.

“And	then	what?”	I	asked.
“We	 yell	 and	 scream	 and	 throw	 things,”	 Keith	 replied.	 “If	 that

doesn’t	work…	we	shoot	it.”

We	flew	into	Iqaluit,	the	capital	of	Canada’s	Nunavut	territory,	then
jumped	on	a	bush	plane	for	a	four-hour	flight	to	Clyde	River.	It	was
disorienting	to	be	in	a	 landscape	with	no	trees	and	nothing	green
of	 any	 sort.	 The	 village	 was	 a	 tangle	 of	 icy	 dirt	 roads	 and	 simple
houses.	 Kids	 zoomed	 over	 the	 ice	 on	 ATVs.	 Before	 we	 left	 the
village,	 I	 stopped	 in	 at	 the	 Northern	 Store—the	 only	 commercial
enterprise	in	the	village,	as	far	as	I	could	see—to	purchase	an	extra
box	of	bear	slugs.	We	had	one	box	with	us,	but	I	didn’t	want	to	take
any	chances.

For	 me,	 the	 first	 few	 nights	 on	 the	 ice	 were	 terrifying.	 I	 was
convinced	every	gust	of	wind	was	a	bear.	But	after	a	few	days,	my
worry	 faded.	 Day	 by	 day,	 the	 sublime	 beauty	 of	 the	 icy	 world	 we
were	 traveling	 through	 revealed	 itself	 to	 us.	 The	 towering	 granite
walls	 of	 the	 fjords	 reminded	 me	 of	 Yosemite	 Valley	 (Keith	 and



walls	 of	 the	 fjords	 reminded	 me	 of	 Yosemite	 Valley	 (Keith	 and

Holmes,	 both	 experienced	 climbers,	 mapped	 out	 various
imaginary	 routes	 up	 the	 walls	 as	 we	 skied	 along).	 We	 were
accompanied	 by	 a	 raven,	 which	 would	 appear	 and	 disappear
along	 our	 route,	 speaking	 to	 us	 in	 spooky	 but	 almost	 intelligible
vocalizations	that	suggested	it	had	many	stories	to	tell	about	life	in
the	cold	north.

Every	 day	 was	 its	 own	 little	 cocktail	 of	 adventure,	 a	 mix	 of
pulled	 muscles,	 blisters,	 terror,	 tedium,	 and	 howling	 winds.	 One
day,	as	we	were	skiing	happily	along,	the	ice	gave	way	beneath	me,
and	I	suddenly	fell	into	the	water	below.	Luckily,	we	were	near	the
shore	and	the	water	was	only	about	two	feet	deep.	We	all	laughed,
although	personally	I	wasn’t	sure	how	funny	it	was.	I	quickly	pulled
myself	out	and	changed	into	dry	pants	and	continued	on.

Still,	 as	 the	 days	 passed,	 the	 risks	 of	 traveling	 in	 a	 rapidly
melting	Arctic	became	more	and	more	obvious.	When	we	were	out
farther	 from	 the	 shore,	 we	 would	 pass	 over	 cracks	 in	 the	 sea	 ice
where	we	knew	the	water	below	was	plenty	deep.	The	biggest	fear
was	not	that	we	would	fall	in	and	drown,	but	that	we	would	fall	in
and	get	soaked.	 If	we	didn’t	get	out	of	the	water	fast,	get	the	tent
set	 up	 to	 shelter	 us	 from	 the	 wind,	 and	 get	 changed	 into	 dry
clothes,	hypothermia	could	set	 in.	All	we	had	for	heat	was	a	 little
single-burner	 backpacking	 stove.	 It	 could	 turn	 a	 pile	 of	 ice	 into	 a
pot	 of	 boiling	 water,	 but	 it	 was	 hardly	 a	 roaring	 campfire	 to	 warm
your	bones.

We	 were	 all	 too	 aware	 that	 a	 hungry	 polar	 bear	 is	 a	 dangerous
polar	 bear.	 For	 bears	 (as	 for	 other	 animals,	 including,	 for	 that
matter,	humans),	hunger	changes	the	calculation	of	risk.	If	a	bear	is
on	 the	 verge	 of	 starvation,	 it’s	 likely	 to	 be	 more	 aggressive	 about
seeking	out	food.	“Male	bears,	especially	subadults,	are	usually	the
most	 aggressive	 polar	 bears,”	 one	 polar	 bear	 biologist	 told	 me.
“The	only	bear	that	is	more	dangerous	for	people	out	on	the	ice	in
the	Arctic	is	a	nutritionally	stressed	mama	bear.”

The	risk	of	attack	from	polar	bears	is	different	than	the	risk	of
attack	 from	 grizzly	 and	 black	 bears.	 A	 substantial	 proportion	 of



attack	 from	 grizzly	 and	 black	 bears.	 A	 substantial	 proportion	 of

fatal	 attacks	 by	 grizzly	 and	 brown	 bears	 are	 defensive—you’re
hiking	on	a	trail	and	turn	a	corner	and	there’s	a	brown	bear.	It	is	as
surprised	 as	 you	 are,	 and,	 feeling	 threatened,	 it	 attacks.	Whereas
polar	bear	attacks	are	predatory.	They	stalk	their	prey—whether	it’s
a	seal	or	a	walrus	or	a	human.

But	bears,	like	humans,	and	like	dogs	and	cats	and	every	other
higher	 animal,	 have	 personalities.	 There	 are	 cranky	 bears	 and
mellow	 bears,	 curious	 bears	 and	 reckless	 bears,	 bears	 that	 were
abandoned	too	soon	by	their	mothers	and	bears	that	had	healthy
childhoods.	 Doug	 Peacock,	 a	 writer	 and	 outdoorsman	 who	 has
spent	 years	 living	 among	 grizzlies	 near	 Glacier	 National	 Park,	 has
attributed	his	survival	to	being	able	to	know	one	bear	from	another,
and	to	being	able	to	tell,	at	a	glance,	which	ones	were	dangerous
and	which	ones	were	not.

As	Keith	and	Holmes	and	I	skied	along	on	the	softening	spring
ice,	 we	 were	 hyperaware	 of	 what	 the	 warming	 weather	 meant	 for
the	 bears—if	 they	 didn’t	 fatten	 up	 now,	 it	 was	 going	 to	 be	 a	 long
and	hungry	summer.

We	were	also	hyperaware	that	there	was	not	much	we	could	do
to	 lower	 the	 risk	 of	 attack.	While	 we	 were	 skiing,	 we	 were	 always
watchful,	 scanning	 the	 horizon,	 looking	 behind	 us.	 We	 kept	 the
shotgun	 handy.	 But	 it	 was	 at	 night,	 while	 we	 were	 asleep	 in	 our
tent,	that	we	were	most	vulnerable.	All	we	had	was	the	bear	wire.	I
often	 stared	 up	 at	 the	 orange	 nylon	 roof	 of	 the	 tent,	 listening	 for
sounds	 outside,	 thinking	 how	 fucking	 stupid	 it	 was	 for	 me	 to	 be
lying	 out	 here	 on	 the	 ice	 in	 polar	 bear	 country	 with	 just	 a	 thin
copper	wire	for	protection.

Near	 the	 end	 of	 the	 trip,	 we	 saw	 bear	 tracks	 everywhere—old
tracks,	 new	 tracks,	 cub	 tracks.	 It	 felt	 like	 they	 were	 all	 around	 us,
closing	 in.	 But	 there	 was	 nothing	 we	 could	 do.	 Each	 night,	 we
pitched	 the	 tent	 and	 strung	 up	 the	 bear	 wire,	 ate	 some	 oatmeal
doused	 with	 olive	 oil	 (all	 the	 food	 we	 had	 left),	 played	 some
Johnny	Cash	for	an	hour	or	so	on	the	little	solar-powered	speaker
we	 had	 brought	 with	 us,	 then	 double-checked	 the	 twelve-gauge
and	 went	 to	 sleep.	And	 each	 morning,	 when	 we	 woke	 up,	 we	 felt
lucky	to	be	alive.



We	 went	 a	 month	 without	 calling	 home,	 without	 email,	 without
news,	 without	 social	 media	 (we	 had	 a	 satellite	 phone	 with	 us	 in
case	 we	 needed	 to	 call	 out	 in	 an	 emergency,	 but	 it	 remained
switched	 off	 for	 incoming	 calls).	After	 we	 left	 Clyde	 River,	 we	 did
not	 see	 another	 human	 being.	 We	 did	 not	 even	 see	 a	 sign	 of
another	 human	 being—no	 footprints,	 no	 candy	 wrappers,	 no	 lost
gloves.	 Skiing	 across	 the	 ice,	 we	 often	 skied	 in	 silence.	 I	 was	 as
alone	 with	 the	 world—alone	 with	 nature—as	 I	 had	 ever	 been.	 I’d
look	 at	 the	 sky	 and	 the	 ice	 and	 scan	 the	 horizon	 and	 think	 about
how	fragile	it	all	was.

But	 I	 was	 not	 alone.	 Nor	 was	 I	 disconnected.	 I	 was	 skiing
through	 a	 landscape	 that	 was	 in	 motion,	 shaped	 by	 the
accumulated	warming	of	two	hundred	years	of	fossil	fuel	burning,
two	 hundred	 years	 of	 steam	 engines,	 coal	 plants,	 cars,	 trucks,
ships,	 and	 airplanes.	 Two	 hundred	 years	 of	 electrification	 and
land-clearing	and	cattle-raising	and	data-processing,	two	hundred
years	of	what	we	all	too	easily	define	as	“progress.”	Our	world	is	a
time	 machine,	 where	 history	 shapes	 the	 future,	 and	 going	 to	 the
Arctic	is	no	escape.	If	anything,	in	a	remote	place	like	this,	you	feel
the	connection	even	more	deeply.

And	 I	 could	 see	 this	 world	 we	 were	 skiing	 through	 was
vanishing	 fast.	 In	 a	 month	 or	 so,	 after	 the	 temperature	 warmed	 a
few	 more	 degrees,	 the	 ice	 would	 all	 crack	 up	 and	 melt	 away.	The
bears	 had	 evolved	 to	 be	 part	 of	 this	 cycle,	 exquisitely	 adapted,
with	 their	 white	 coats	 and	 their	 big	 strong	 seal-grabbing	 front
paws.	 This	 cold	 world	 was	 their	 Goldilocks	 Zone.	 But	 if	 I	 learned
anything	on	my	trip	to	Baffin,	it	was	that	their	Goldilocks	Zone	was
disappearing	fast.	Just	like	ours.

After	 a	 month	 on	 the	 ice,	 we	 arrived	 at	 our	 last	 campsite.	 It	 was
nothing	more	than	a	GPS	spot	on	the	ice	where	we	had	arranged	to
rendezvous	 with	 Inuit	 guides.	 From	 here,	 they	 would	 use
snowmobiles	 to	 haul	 us	 the	 last	 five	 miles	 through	 an	 un-skiable
mountain	 pass	 to	 Pond	 Inlet.	 However,	 when	 we	 skied	 up	 to	 the
spot,	we	discovered	that	the	Inuit	guides	had	not	yet	arrived,	and,



spot,	we	discovered	that	the	Inuit	guides	had	not	yet	arrived,	and,

more	 disturbing,	 that	 the	 meeting	 place	 was	 a	 polar	 bear
slaughtering	 ground.	 Seal	 blood	 was	 splashed	 everywhere	 on	 the
ice,	 along	 with	 seal	 flippers,	 tails,	 entrails.	 And	 among	 it	 all,
enormous	footprints	of	bears.

Keith	 and	 I	 looked	 at	 each	 other	 like	You’ve	got	 to	be	 fucking
kidding	me.	Holmes,	as	usual,	found	something	funny	to	say.	“God
works	in	mysterious	ways,	doesn’t	she?”	We	tried	using	the	satellite
phone	 to	 call	 the	 Inuit	 guides	 to	 change	 the	 pickup	 location,	 but
there	was	no	answer.

We	thought	about	skiing	a	few	miles	away	and	camping	there,
then	returning	to	the	rendezvous	point	in	the	morning.	But	we	were
exhausted.	We	had	spent	all	our	energy	and	most	of	our	supplies
to	get	to	this	point.	The	 idea	of	skiing	even	another	half	mile	was
daunting	 to	 me.	 After	 two	 hundred	 miles	 of	 skiing,	 my	 body	 was
worn	out.

After	discussing	it	for	a	few	minutes,	we	agreed	that	we	would
ski	 five	 hundred	 feet	 or	 so	 off	 to	 the	 west,	 where	 there	 was	 a
smooth	patch	of	 ice,	and	pitch	our	tent	there.	And	then	we	would
just	be	vigilant.	We	trusted	that	the	Inuit	guides	would	arrive	in	the
morning.

So	that’s	what	we	did.	Was	I	terrified?	Yes,	until	my	mind	shut
down	from	fatigue.	And	then	I	felt	nothing.

When	 I	 woke	 in	 the	 morning,	 I	 was	 thrilled	 to	 be	 alive.	 I	 stuck
my	 head	 outside	 the	 tent	 and	 saw	 a	 beautiful	 bright	 blue	 sky.	 It
was	 like	Mother	Nature	was	throwing	us	a	party	at	the	end	of	our
trip.	We	cooked	the	last	of	our	oatmeal	and	rolled	up	our	sleeping
bags	for	the	last	time.	We	decided	to	leave	the	tent	up	for	shelter
from	 the	 wind	 while	 we	 waited	 for	 the	 Inuits	 to	 appear	 with	 their
snowmobiles.	 We	 went	 outside	 and	 fiddled	 with	 our	 gear	 and
talked	about	how	eager	we	were	to	see	our	loved	ones	back	home
and	sleep	in	a	warm	soft	bed.	I	was	as	happy	as	I’d	ever	been.

At	 about	 10:30	 a.m.,	 we	 went	 back	 to	 the	 tent	 for	 a	 final
celebratory	cup	of	tea.	Keith	fired	up	the	stove	and	we	sat	around
in	a	circle.	We	had	been	through	a	lot	and	we	knew	we	would	never
do	 anything	 like	 this	 together	 again.	 I	 had	 never	 felt	 closer	 to
anyone	outside	of	my	family.



A	few	moments	later,	as	I	was	blowing	on	my	tea,	watching	the
surface	ripple,	the	bear	wire	alarm	went	off.

“The	wind	again,”	Keith	said	absent-mindedly.
Holmes	nodded.	“Well,	this	is	the	last	time!”
I	was	closest	to	one	of	the	tent	doors.	“I’ll	check	it	out.”
I	 put	 my	 cup	 down	 carefully	 so	 I	 wouldn’t	 spill	 the	 tea	 and

turned	 around	 and	 unzipped	 the	 tent.	 The	 door	 was	 narrow,	 so	 I
had	to	crawl	out	awkwardly.	Just	as	I	stood	up,	I	saw	her,	fifty	feet
from	me,	a	female	polar	bear	moving	aggressively	toward	the	tent.
Two	young	cubs	trailed	behind	her.

As	soon	as	she	saw	me,	she	stopped	and	reared	up	on	her	hind
legs.	She	was	much	taller	 than	me.	 I	noticed	how	rough	and	dirty
her	underbelly	was.	Her	cubs	huddled	beside	her.	She	snorted	and
made	 an	 odd	 huffing	 sound.	 Her	 black	 eyes	 looked	 directly	 into
mine,	as	if	she	knew	exactly	what	was	going	to	happen	next.

But	 she	 did	 not	 move	 toward	 me.	After	 staring	 me	 down	 for	 a
few	 long	 moments,	 she	 shook	 her	 head	 the	 way	 dogs	 sometimes
do	 when	 they	 get	 out	 of	 the	 water,	 then	 slowly	 dropped	 onto	 all
fours.	 By	 that	 time	 Holmes	 and	 Keith	 had	 climbed	 out	 the	 other
tent	 door	 and	 were	 standing	 near	 me.	 Keith	 pointed	 the	 shotgun
across	 the	 tent	 at	 her.	 I	 knew	 if	 she	 took	 one	 step	 toward	 us,	 he
would	have	no	choice	but	to	shoot	her.	Maybe	she	knew	it	too.	She
took	a	few	steps	away	from	the	tent.	But	then,	as	if	she	were	having
second	thoughts,	she	turned	back	toward	us	and	reared	up	again
and	snorted	and	huffed.	Again,	she	stared	at	us	intently.	And	again,
she	 dropped	 down	 and	 turned	 around	 and	 walked	 off,	 her	 cubs
trailing	behind	her.

Watching	her	go,	I	felt	like	a	guilty	man	who	had	gotten	a	last-
minute	reprieve.	Whatever	suffering	this	warm	spring	had	brought
to	 her	 and	 her	 cubs,	 whatever	 hardship	 they	 had	 endured	 from
sharing	 a	 planet	 with	 another	 animal	 so	 hell-bent	 on	 melting	 her
world,	she	decided	not	to	take	it	out	on	us.



Footnote
1	Baffin	Island	is	named	after	English	explorer	William	Baffin,	who	sailed	through	the	region	in	1616
while	 searching	 for	 the	 Northwest	 Passage.	 The	 Inuit,	 who	 lived	 and	 hunted	 on	 the	 island	 for
thousands	 of	 years	 before	 Baffin’s	 arrival,	 refer	 to	 the	 region	 by	 its	 traditional	 Inuktitut	 name,

Qikiqtaaluk.	
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EPILOGUE:	BEYOND
GOLDILOCKS

THERE	 ARE	 NO	 signs	 or	 border	 crossing	 guards	 at	 the	 edge	 of	 the
Goldilocks	Zone.	If	we	cross	over,	no	alarms	will	go	off.	Depending
on	 where	 you	 live,	 you	 may	 cross	 over	 sooner	 than	 others.	 But
unless	we	take	dramatic	action	now,	we	may	all	discover	what	it’s
like	 to	 live	 outside	 the	 zone.	 The	 human	 race—which	 built	 the
pyramids	and	the	iPhone,	wrote	epic	love	poems	and	invented	rock
’n’	roll,	worshipped	ancient	gods	and	now	deifies	Hollywood	stars
—will	exist	 in	a	world	beyond	the	world	 it	grew	up	 in,	beyond	the
place	 where	 our	 hearts	 were	 shaped	 and	 our	 genes	 were	 forged.
We	will	be,	in	the	deepest	sense,	on	our	own.

Heat	 will	 be	 the	 engine	 of	 this	 transformation.	 The	 heat	 that
propels	us	out	of	our	Goldilocks	Zone	will	not	be	accidental	heat,
the	 equivalent	 of	 an	 asteroid	 slamming	 into	 Earth.	 It	 will	 be
deliberate	heat.	Premeditated	heat.	We	plead	guilty	to	first-degree
heat,	 Your	 Honor.	 We	 have	 known	 for	 more	 than	 a	 century	 about
the	climate	consequences	of	burning	fossil	fuels.	And	it	wasn’t	just
the	scientists	who	knew.	In	1965,	President	Lyndon	B.	Johnson	was
warned,	 as	 have	 been	 many	 presidents	 after	 him.	 By	 1977,	 Exxon
(now	 ExxonMobil)	 not	 only	 knew	 that	 decades	 of	 burning	 fossil
fuels	 would	 heat	 up	 the	 atmosphere,	 but	 developed	 in-house
climate	 models	 that	 projected	 those	 changes	 with	 remarkable
accuracy.	 Despite	 that	 knowledge,	 we	 have	 not	 only	 continued
burning	fossil	fuels,	we	have	continued	burning	them	with	reckless
abandon.	 In	 a	 sense,	 you	 could	 say	 we	 have	 built	 a	 heat-fueled
rocketship	 that	 is	 taking	 us,	 for	 better	 or	 worse,	 on	 a	 trip	 beyond
the	Goldilocks	Zone.

We	are	not	there	yet.	It’s	hot,	but	the	things	that	our	ancestors
lived	 with	 for	 millions	 of	 years—the	 deep	 forests,	 the	 cool	 ocean,
the	 snow-capped	 mountains—are	 still	 with	 us,	 still	 recognizable,

toc.xhtml#toc-chapter015
toc.xhtml#toc-chapter015
toc.xhtml#toc-chapter015


the	 snow-capped	 mountains—are	 still	 with	 us,	 still	 recognizable,

still	our	companions.	Making	the	necessary	changes	will	be	hard;	it
will	require	political	leadership	and	a	deeper	understanding	of	our
connection	with	one	another	and	with	the	world	we	live	in.	But	it	is
not	 beyond	 our	 reach.	 “Humanity	 retains	 an	 enormous	 amount	 of
control	 over	 just	 how	 hot	 it	 will	 get	 and	 how	 much	 we	 will	 do	 to
protect	 one	 another	 through	 [the	 coming]	 assaults	 and
disruptions,”	 argues	 David	 Wallace-Wells,	 author	 of	 The
Uninhabitable	Earth:	Life	After	Warming.	The	good	news,	Wallace-
Wells	 points	 out,	 is	 that	 the	 world	 is	 decarbonizing	 faster	 than
anyone	 anticipated	 a	 decade	 ago.	 And	 thanks	 to	 decades	 of
innovation,	clean	energy	is	now	cheaper	than	fossil	fuel	energy	in
most	parts	of	the	world.	That	means	we	now	have	the	means	to	lift
hundreds	 of	 millions	 of	 people	 out	 of	 energy	 poverty	 without
relying	 on	 coal,	 gas,	 or	 oil.	 Right	 now,	 our	 dependence	 on	 fossil
fuels	 is	 all	 about	 inertia,	 political	 will,	 and	 big	 oil	 and	 gas
companies	wanting	to	milk	their	investments	as	long	as	they	can.

If	we	do	end	up	pushing	beyond	our	Goldilocks	Zone,	we’ll	be
okay	 for	 a	 while.	 We	 have	 tools	 and	 technology	 to	 help	 us	 adapt
and	survive.	At	 least	the	 lucky	ones	have	them.	But	our	world	will
be	 transformed.	The	 tree	 you	 used	 to	 climb	 when	 you	 were	 a	 kid
will	 die.	 The	 beach	 where	 you	 kissed	 your	 partner	 will	 be
underwater.	 Mosquitoes	 and	 other	 insects	 will	 be	 year-round
companions.	New	diseases	will	emerge.	Cults	of	cool	will	celebrate
the	spiritual	purity	of	ice.	You’ll	grill	slabs	of	lab-grown	“meat”	and
drink	 Zinfandel	 from	 Alaska.	 Your	 digital	 watch	 will	 monitor	 your
internal	 body	 temperature.	 Border	 walls	 will	 be	 fortified.
Entrepreneurs	will	make	millions	selling	you	micro	cooling	devices.
Fourth	 of	 July	 celebrations	 will	 become	 life-threatening	 events.
Snow	will	feel	exotic.

In	 some	 regions	 of	 the	 tropics,	 outdoor	 life	 will	 become
virtually	 impossible.	 People	 will	 flee,	 just	 like	 many	 other	 living
things,	 to	 higher,	 cooler	 climates.	 In	 many	 parts	 of	 the	 world,
survival	will	depend	not	just	on	access	to	clean	water,	decent	food,
and	 medical	 care.	 It	 will	 increasingly	 depend	 on	 access	 to	 cool
spaces,	 a	 job	 that	 doesn’t	 require	 you	 to	 work	 outside	 during	 the
heat	 of	 the	 day,	 and	 the	 means	 to	 escape	 from	 extreme	 heat
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events	 if	 necessary.	 In	 those	 places,	 the	 lucky	 ones	 will	 look	 out
the	window	at	people	fixing	a	power	line	or	building	a	house	in	the
heat	with	pity	and	sorrow	and	maybe	a	little	fear.	And	if	they	have
any	 self-awareness	 at	 all,	 they	 will	 see	 the	 distance	 between
themselves	 and	 the	 people	 who	 sweat	 to	 keep	 our	 world
functioning.	 Because	 the	 first	 and	 most	 striking	 consequence	 of
the	 human	 race’s	 trip	 out	 of	 the	 Goldilocks	 Zone	 will	 be	 the
widening	of	the	thermal	divide,	the	invisible	but	very	real	line	that
separates	the	cool	from	the	suffering,	the	lucky	from	the	damned.

When	 it	 comes	 to	 imagining	 the	 future	 at	 the	 edge	 of	 the
Goldilocks	Zone,	 it’s	this	thermal	gap	that	 is	hardest	to	see.	 If	 the
Covid-19	 pandemic	 demonstrated	 anything,	 it	 was	 how	 quickly
and	 easily	 people	 were	 able	 to	 normalize	 the	 deaths	 of	 others,
especially	if	they	were	old,	sick,	or	otherwise	living	on	the	margins.
There	 were	 a	 thousand	 deaths	 a	 day	 from	 Covid	 in	 the	 US	 alone.
There	 were	 headlines	 and	 speeches	 and	 heroic	 doctors	 and
nurses.	And	if	you	lost	a	friend	or	loved	one,	you	felt	the	tragedy	of
it	 all.	 But	 after	 the	 initial	 shock	 and	 fear	 of	 Covid,	 the	 deaths
became	a	part	of	everyday	life.	Just	as	the	43,000	deaths	a	year	in
the	 US	 in	 auto	 accidents	 no	 longer	 trigger	 public	 outcry.	 Or	 the
nine	 million	 deaths	 globally	 from	 air	 pollution	 each	 year.	 Or
starvation	in	Yemen	and	Haiti.	Or	casualties	of	distant	wars.	It	just
becomes	part	of	the	world	we	live	in.

And	 so	 it	 may	 be,	 I	 fear,	 with	 the	 suffering	 and	 deaths	 from
extreme	 heat.	 It	 will	 become	 part	 of	 what	 it	 means	 to	 live	 in	 the
twenty-first	 century,	 something	 we	 accept	 and	 don’t	 think	 too
much	about	in	our	everyday	lives.

But	the	hotter	it	gets,	the	more	difficult	that	will	become.

Then	again,	maybe	not.	Maybe	twenty	thousand	people	dying	in	a
sudden	heat	wave	in	St.	Louis	or	New	Delhi	will	spark	a	revolution.	I
met	 people	 while	 researching	 this	 book	 who	 believe	 that	 the
political	 and	 economic	 systems	 that	 go	 with	 them	 are
unsalvageable.	You	might	be	able	to	retrofit	the	buildings	of	Paris,
they	argue,	but	you	can’t	retrofit	the	politics	of	Paris—or	anywhere
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else,	 for	 that	 matter.	 The	 solution	 is	 to	 burn	 it	 all	 down	 and	 start
over.	So	the	sooner	we	get	on	with	that,	they	argue,	the	better.

I’ve	met	others	who	believe	that	our	neurological	machinery	is
simply	 maladapted	 to	 the	 problems	 of	 modern	 life,	 especially	 in
rich	 democracies	 like	 the	 US,	 where	 partisanship	 and	 political
dysfunction	 reign	 and	 banning	 books	 is	 discussed	 with	 far	 more
urgency	 than	 banning	 fossil	 fuels	 or	 educating	 people	 about	 the
dangers	 of	 extreme	 heat.	 Hurricanes	 are	 wiping	 out	 cities	 on	 the
Gulf	 Coast	 with	 ever	 more	 muscle,	 crops	 are	 failing,	 delivery
drivers	are	dropping	dead	on	the	job	on	hot	summer	days	and	yet
Matthew	McConaughey	is	still	doing	TV	ads	for	gas-guzzling	SUVs.
As	one	social	critic	puts	it:	“We	are	confronted	simultaneously	with
our	vulnerability	to	catastrophe	and	our	profound	unseriousness	in
the	face	of	it.	It’s	as	if	the	fires	are	starting	to	spread	through	Rome
and	all	we	can	do	is	argue	about	the	fiddling.”

In	the	long	run,	extreme	heat	is	an	extinction	force.	All	life	has	a
temperature	 limit,	 even	 the	 microbes	 that	 thrive	 in	 the	 thermal
vents	at	the	bottom	of	the	ocean.	Even	things	that	aren’t	alive,	like
your	phone	or	the	server	farms	that	power	the	internet,	have	limits.
Some	 creatures,	 like	 some	 humans,	 are	 more	 fragile	 than	 others,
but	 eventually,	 scientist	 James	 Hansen	 wrote,	 “the	 planet	 will
quickly	get	on	the	Venus	Express.”

And	 you	 don’t	 have	 to	 go	 to	 Venus	 to	 find	 evidence	 of	 the
killing	 effects	 of	 a	 superheated	 planet.	 You	 can	 just	 visit
Guadalupe	Mountains	National	Park	in	Texas.

Guadalupe	Mountains	 is	one	of	 the	 least-visited	national	parks	 in
the	country,	a	place	that	most	scenery-seekers	accustomed	to	the
sheer	 awesomeness	 of	 Yosemite	 or	 Glacier	 probably	 view	 as	 not
much	 more	 than	 a	 big	 pile	 of	 rocks	 in	 the	 desert.	 But	 what	 looks
like	 desert	 today	 is	 actually	 an	 ancient	 seafloor.	 And	 what	 looks
like	a	pile	of	rocks	is	actually	the	remains	of	a	260-million-year-old
reef	that	grew	in	a	vast	inland	sea	that	had	once	existed	between
the	Gulf	of	Mexico	and	the	Arctic.	Where	lizards	live	today,	sharks
once	swam.	The	highest	point	of	the	old	reef,	a	peak	aptly	named
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El	 Capitan,	 is	 also	 one	 of	 the	 highest	 points	 in	 Texas	 (elevation
8,085	feet).	It	looms	over	the	desert	like	the	prow	of	a	giant	ship.

Although	 El	 Capitan	 looks	 like	 a	 mountain,	 it’s	 actually	 an
enormous	 pile	 of	 skeletons	 from	 the	 creatures	 that	 once	 lived	 on
this	reef,	a	towering	mass	grave	from	a	time	on	Earth	when	it	was
so	hot	that	all	the	ice	was	gone	from	the	poles	and	sea	levels	were
hundreds	 of	 feet	 higher	 than	 they	 are	 today.	 It	 is	 also	 stark
evidence	that	as	hot	as	the	climate	is	today,	it	can	get	much,	much
worse.

Simone	and	I	drove	up	from	Austin	one	fall	day	to	explore	the
old	 reef.	 It	 was	 a	 long	 drive,	 punctuated	 by	 roadrunners	 dashing
across	 the	 highway	 and	 glimpses	 of	 coyotes	 trotting	 through	 the
creosote	bushes.	We	finally	pulled	into	park	headquarters	near	the
base	 of	 El	 Capitan,	 where	 we	 picked	 up	 trail	 maps	 and	 looked	 at
fossil	displays	in	glass	cabinets.	Just	out	of	sight	over	the	horizon
were	the	wellheads	of	the	Permian	Basin,	the	biggest	oil-and-gas-
industry	playland	 in	America.	The	 land	there	has	been	drilled	and
fracked	and	the	remains	of	the	ancient	animals	that	swam	in	this
sea	have	been	sucked	into	pipelines	and	burned	to	power	modern
life,	 including	 the	 gasoline	 in	 the	 car	 we	 were	 driving.	 It	 was	 a
reminder,	 if	 any	 reminders	 are	 needed,	 of	 the	 depth	 of	 our
entanglement	with	fossil	fuels.

We	 headed	 over	 to	 the	 Permian	 Reef	 Trail.	 The	 ranger	 at	 the
station	there	was	a	twentysomething	woman	who	was	very	sweet
and	talked	about	how	she	often	hiked	this	trail	with	her	father,	who
was	 a	 petroleum	 engineer.	 She	 told	 us	 that	 this	 was	 “the	 premier
geologic	hike	in	America.”	It	was	eight	miles	to	the	top	of	the	reef.

Up	the	trail	we	went.	We	saw	a	type	of	rock	called	boundstone,
which	 was	 formed	 by	 algae,	 growing	 around	 sponges.	 We	 found
traces	 of	 worms	 that	 burrowed	 through	 the	 seafloor	 millions	 of
years	 ago	 searching	 for	 food.	 We	 found	 fragments	 of	 clamlike
creatures	 called	 brachiopods.	 And	 we	 found	 reef	 boulders	 nine
feet	tall.

As	we	hiked,	I	tried	to	imagine	what	the	world	looked	like	when
this	 reef	 was	 alive.	 The	 Earth’s	 landmasses	 were	 joined	 in	 one
supercontinent	 called	 Pangea.	 For	 most	 of	 the	 Permian	 period,
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which	began	about	300	million	years	ago,	it	was	a	little	cooler	than
it	is	today.	There	were	trees	and	plants	on	land,	including	conifers
that	were	not	unlike	pine	trees	today.	Big	sail-backed	reptiles	and
meat-eating	 gorgonopsians—imagine	 a	 cross	 between	 a
Tyrannosaurus	 rex	 and	 a	 saber-toothed	 cat—were	 top	 predators.
Small	creatures	called	cynodonts,	which	looked	like	scaly	rats	and
are	 one	 of	 the	 earliest	 ancestors	 of	 today’s	 mammals,	 scurried
around.	In	the	ocean,	there	were	giant	sharks	and	bony	fish,	as	well
as	 millions	 of	 trilobites	 on	 the	 seafloor	 and	 brachiopods	 of	 many
sizes	and	shapes.

The	 Permian	 lasted	 about	 50	 million	 years.	 Then,	 suddenly,
over	a	period	of	maybe	sixty	thousand	years—the	blink	of	an	eye	in
geologic	 time—everything	 died.	 Or	 nearly	 everything	 died.	 What
killed	life	in	the	Permian	was	a	bolt	of	extreme	heat,	brought	on	by
violent	eruptions	of	volcanoes	in	Siberia,	which	dumped	billions	of
tons	 of	 CO2	 into	 the	 atmosphere	 very	 quickly.	The	 temperature	 of
the	Earth	may	have	jumped	as	much	as	60	degrees.	One-hundred-
forty	degree	heat	waves	on	the	 land	wouldn’t	have	been	unusual.
In	 the	 tropics,	 the	 ocean	 hit	 104	 degrees,	 which	 is	 about	 the
temperature	of	water	in	a	hot	tub.	Enough	lava	erupted	from	these
traps	 to	 cover	 the	 entire	 United	 States	 in	 molten	 rock	 a	 half	 mile
deep.	It	would	take	life	on	Earth	ten	million	years	to	recover.

The	 End-Permian	 extinction	 was	 a	 horrific	 event,	 beyond	 our
capacity	to	imagine.	It	was	mass	death	by	heatstroke.

We	 think	 we’re	 a	 long	 way	 from	 re-creating	 Guadalupe
Mountains	here	in	the	twenty-first	century.	But	we	are	not.	Despite
all	we	have	learned	about	the	risks	of	life	on	a	superheated	planet,
despite	all	our	technological	sophistication	and	our	knowledge	of
history,	 we	 are	 still	 hiking	 up	 that	 same	 mountain	 trail,	 one	 that
leads	not	 just	 to	a	vista	point	atop	of	a	pile	of	skeletons,	but	 into
the	desert	beyond	the	Goldilocks	Zone.	“Right	now,	in	the	amazing
moment	that	counts	to	us	as	the	present,	we	are	deciding,	without
quite	meaning	to,	which	evolutionary	pathways	will	remain	open	to
us	 and	 which	 will	 be	 forever	 closed,”	 Elizabeth	 Kolbert	 writes	 in
The	Sixth	Extinction:	An	Unnatural	History.	“No	other	creature	has
ever	managed	this,	and	it	will,	unfortunately,	be	our	most	enduring
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legacy.”

Writing	 this	 book	 has	 been	 an	 adventure	 to	 unexpected	 places.	 I
now	 feel—or	 think	 I	 feel—vibrating	 molecules	 when	 I	 pick	 up	 my
coffee	 in	 the	 morning.	 I	 find	 myself	 calculating	 the	 thermal
intelligence	 of	 every	 building	 I	 enter.	 I	 see	 lakes	 and	 rivers	 as
cooling	 centers.	 Asphalt	 parking	 lots	 feel	 like	 ruins	 from	 a	 lost
civilization.	 I	 judge	 politicians	 on	 how	 well	 they	 understand	 how
fast	our	world	is	changing.	When	people	ask	me	if	it’s	hard	to	write
about	the	climate	crisis	and	imagine	the	hardship	and	suffering	to
come,	my	answer	is	always	the	same:	This	is	the	great	story	of	our
time,	 one	 that	 I	 feel	 privileged	 to	 tell.	 And	 yes,	 it	 gets	 dark
sometimes.	 But	 it	 is	 also	 endlessly	 inspiring	 because	 I	 meet	 so
many	 people	 who	 are	 fighting	 for	 the	 future	 and	 reimagining
everything	 about	 how	 we	 live	 on	 this	 planet.	 I	 introduced	 you	 to
some	of	them	in	the	previous	pages.	With	their	help,	and	the	help
of	 other	 people	 like	 them,	 I	 believe	 we	 can	 build	 a	 better	 world	 if
we	want	to.	But	I	know	that	is	a	simple	thing	to	say	and	a	hard	thing
to	 do	 and	 that	 “better”	 means	 different	 things	 to	 different	 people.
There	are	no	maps	for	this	journey	we	are	taking,	no	virtual	reality
tours	 of	 the	 road	 ahead.	 “How	 do	 we	 face	 the	 truth	 of	 what	 is	 at
stake	 and	 how	 much	 there	 is	 to	 do?”	 asks	 marine	 scientist	 and
climate	 activist	 Ayana	 Elizabeth	 Johnson.	 “How	 do	 we	 muster	 up
the	courage	to	not	give	up	in	spite	of	the	odds?	How	do	we	focus
on	 solutions	 and	 on	 what	 each	 of	 us	 can	 do	 to	 help	 turn	 things
around?”

I	can’t	answer	those	questions.	But	I	do	know	that	after	working
on	 this	 book	 for	 three	 years,	 I	 think	 differently	 about	 other	 living
things	who	share	the	burden	of	heat	with	us.	When	I	see	a	bat	dart
across	the	evening	sky,	 I	consider	how	lucky	 it	 is	 to	be	an	animal
that	 hunts	 at	 night	 when	 it’s	 cooler.	 When	 I	 see	 an	 armadillo
waddling	 across	 our	 driveway	 on	 a	 summer	 night,	 I	 wonder	 if	 it’s
wishing	 it	 could	 shed	 its	 heavy	 scales.	 When	 I	 see	 a	 pecan	 tree
with	 browning	 leaves,	 I	 wonder	 if	 it	 is	 stressed	 by	 the	 heat	 and
what	it’s	saying	about	these	hard	times	to	other	trees	nearby.	And	I
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think	 about	 the	 polar	 bear	 that	 didn’t	 eat	 us	 on	 Baffin	 Island	 and
how	 her	 cubs	 (who,	 if	 they	 survived,	 are	 probably	 now	 parents	 or
grandparents	 themselves)	 are	 dealing	 with	 the	 disappearing	 ice.
Have	they	learned	new	hunting	skills?	Are	they	becoming	climate-
smart	bears?

For	 me,	 the	 big	 surprise	 in	 writing	 this	 book	 has	 been
discovering	not	only	how	easily	and	quickly	heat	can	kill	you,	but
what	a	powerful	reminder	it	is	of	how	deeply	connected	we	are	to
one	another	and	to	all	 living	things.	Wherever	we	may	be	headed,
we	are	all	on	this	journey	together.	



Acknowledgments

The	book	was	born	on	a	117-degree	day	in	Arizona	and	came	of	age
during	 a	 long	 midnight	 drive	 across	 Texas	 with	 my	 wife,	 Simone,
during	 which	 she	 convinced	 me	 that	 heat	 was	 an	 important
subject	for	a	book	and	I	needed	to	write	it.	Now	I	have.	But	I	could
never	have	done	it	without	the	help	and	support	of	many	people.

My	agent,	Heather	Schroder,	has	guided	me	through	many	mud
bogs	 and	 over	 many	 mountains.	 Reagan	 Arthur	 saw	 the
importance	 of	 this	 book	 from	 the	 beginning	 and	 trusted	 that	 I
could	pull	 it	off.	At	Little,	Brown,	 I’m	grateful	to	Phil	Marino,	Bruce
Nichols,	and	especially	my	editor,	Pronoy	Sarkar,	for	pushing	me—
in	 the	 most	 inspiring	 sort	 of	 way—to	 write	 a	 book	 that	 would	 ask
people	 to	 think	 differently	 about	 their	 world.	 Elizabeth	 Garriga	 is
brilliant	at	getting	people	to	pay	attention.	Thanks	to	Barbara	Perris
once	 again	 for	 making	 sense	 of	 my	 tangled	 sentences.	 And	 to
Linda	Arends	for	shepherding	the	manuscript	through	production.

Several	 chapters	 of	 this	 book	 are	 built	 around	 articles	 I	 wrote
for	Rolling	Stone,	my	journalistic	home	for	many	years,	where	I	am
lucky	to	work	with	people	who	understand	the	urgency	of	covering
climate	 change.	 I	 am	 indebted	 to	 Jann	 Wenner,	 Will	 Dana,	 Jason
Fine,	John	Hendrickson,	Phoebe	Neidl,	Noah	Shachtman,	Hannah
Murphy,	 Cadence	 Bambenek,	 and	 especially	 my	 long-time	 editor
and	foxhole	buddy,	Sean	Woods.

I’ve	traveled	a	long	way	with	colleagues	at	the	Adrienne	Arsht-
Rockefeller	 Foundation	 Resilience	 Center,	 especially	 Kathy
Baughman	 McLeod,	 a	 climate	 warrior	 like	 no	 other.	 I’ve	 been
inspired	by	Mauricio	Rodas	and	Eleni	Myrivili,	who	have	been	with
me	on	this	journey	since	the	beginning.

Thanks	to	Kishna	Mohan,	Ashwini	Chidambaram,	and	Vanessa
Peter,	 for	 making	 connections	 for	 me	 in	 a	 world	 where	 I	 had	 no
connections.	To	my	shipmates	in	Antarctica,	especially	Rob	Larter,
Alastair	 Graham,	 Kelly	 Hogan,	 Tasha	 Snow,	 Lars	 Boehme,	 James
Kirkham,	 Bastien	 Queste,	 Guilherme	 Bortolotto,	 and	Anna	Wåhlin.

toc.xhtml#toc-acknowledgements
toc.xhtml#toc-acknowledgements


Kirkham,	 Bastien	 Queste,	 Guilherme	 Bortolotto,	 and	Anna	Wåhlin.

To	Captain	Brandon	Bell,	Chief	Mate	Rick	Wiemken,	and	Third	Mate
Luke	 Zeller	 for	 getting	 us	 through	 the	 ice	 and	 back	 again.	 To	 the
scientists	who	have	been	so	helpful	to	me	over	the	years:	Michael
Mann,	 Ken	 Caldeira,	 Zeke	 Hausfather,	 Andrea	 Dutton,	 Jason	 Box,
Andrew	 Dessler.	 To	 my	 researchers,	 Lucy	 Marita	 Jakub	 and
Elizabeth	Morison,	for	helping	me	begin.	To	Toby	Kent,	for	the	walk
around	 Melbourne.	 To	 Betsy	 Abell,	 for	 sharing	 her	 family	 history
with	 me.	 To	 Marc	 Coudert	 for	 frank	 answers	 to	 complicated
questions.	 To	 Andrew	 Grundstein,	 Daniel	 Vecellio,	 Jeffrey	 Ross-
Ibarra,	 John	 Whiteman,	 Sam	 Cheuvront,	 Jill	 Pruetz,	 and	 Peter
Kalmus	for	the	expert	reads.

I’m	 grateful	 to	 Dan	 Dudek,	 whose	 wisdom	 I	 have	 tapped	 with
every	 book	 I’ve	 written.	 To	 David	 Keith	 and	 Geoffrey	 Holmes	 for
keeping	 me	 alive	 on	 Baffin	 Island.	 To	 Eric	 Nonacs	 for	 the	 long
friendship	and	editorial	wisdom.	To	Mike	Dugan	for	demonstrating
what	it	means	to	be	a	great	neighbor.	To	Dr.	Karl	Koenig	for	keeping
me	 moving.	 And	 to	 my	 friend	 Russell	 Banks,	 who	 left	 us	 just	 as	 I
was	 finishing	 this	 book,	 for	 proving	 that	 being	 a	 great	 man	 and	 a
great	writer	are	not	incompatible	roles.

I’m	not	sure	how	to	express	my	love	and	gratitude	to	Mary	and
Gary	 Wicha	 for	 taking	 me	 in—and	 for	 being	 so	 cheerful	 about	 it!
Nicole,	Rene,	Erik,	Ulan,	and	Amil	have	warmed	my	world.	My	brave
and	generous	mom,	Arlene	Wadlow,	gave	me	everything.	My	sister,
Jill,	 has	 been	 heroic	 at	 a	 time	 when	 a	 hero	 was	 most	 needed.
Grace,	Georgia	and	Milo	are	the	reason	I	write	and	the	future	I	hope
for.

And	finally	to	Simone—my	muse,	my	first	and	best	reader,	my
fellow	 traveler,	 my	 monster-wrangler.	 You	 are,	 and	 always	 will	 be,
hot.	



Discover	Your	Next	Great	Read
Get	sneak	peeks,	book	recommendations,	and	news	about	your	favorite	authors.

Tap	here	to	learn	more.

	

https://discover.hachettebookgroup.com/?ref=9780316497565&discp=100


Glossary

albedo:	the	ability	of	an	object	or	surface	to	reflect	away	sunlight,
and,	 along	 with	 it,	 reflect	 away	 heat.	 A	 white	 roof	 has	 a	 high
albedo;	 a	 black	 asphalt	 street	 has	 a	 low	 albedo.	 Shifting	 to
higher-albedo	materials	is	a	key	strategy	in	counteracting	the
urban	 heat	 island	 effect.	 Cold-blooded	 animals	 like
chameleons	 manipulate	 their	 albedo	 to	 control	 their	 body
temperature:	 when	 it’s	 hot,	 they	 turn	 a	 white-ish	 color	 to
reflect	 away	 sunlight.	 When	 it’s	 cold,	 they	 darken	 to	 warm
themselves.

core	 body	 temperature:	 the	 temperature	 of	 a	 person’s	 internal
organs,	including	the	heart,	liver,	brains,	and	blood.	Core	body
temperature	is	different—and	more	indicative	of	hyperthermia
—than	peripheral	body	temperature,	which	is	the	temperature
at	or	near	your	skin,	and	is	influenced	by	your	environment.	A
person’s	core	body	temperature	has	a	daily	circadian	rhythm,
causing	it	to	vary	by	a	degree	or	more	depending	on	the	time
of	 day.	 Body	 temperature	 is	 typically	 lowest	 in	 the	 morning,
rises	during	the	day,	then	falls	again	in	the	evening.

Goldilocks	Zone:	the	area	around	a	star	where	it	is	not	too	hot	and
not	too	cold	for	liquid	water	to	exist	on	the	surface	of	planets.
Also	known	as	the	habitable	zone.

heat	dome:	an	area	of	high	pressure	that	 lingers	for	days	or	even
weeks,	trapping	hot	air	underneath—a	bit	like	a	lid	on	a	pot.	In
northern	 latitudes,	 pressure	 systems	 usually	 move	 from	 west
to	 east,	 but	 sometimes	 they	 get	 blocked,	 often	 when	 the	 jet
stream	 weakens	 and	 buckles.	 The	 jet	 stream	 is	 a	 band	 of
strong	winds	high	above	the	Earth’s	surface	that,	among	other
things,	 helps	 to	 develop	 and	 move	 areas	 of	 low	 pressure
around.

heat	 exhaustion:	 a	 condition	 of	 elevated	 heat	 stress.	 Symptoms
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heat	 exhaustion:	 a	 condition	 of	 elevated	 heat	 stress.	 Symptoms

may	include	heavy	sweating,	dizziness,	nausea,	and	fainting.

heat	index:	a	value	calculated	by	combining	relative	humidity	and
air	 temperature.	 It	 was	 developed	 from	 a	 model	 created	 by
physicist	 Robert	 Steadman	 in	 1979	 as	 a	 way	 to	 more
accurately	 measure	 how	 weather	 conditions	 feel	 to	 a	 person
(that’s	 why	 the	 heat	 index	 is	 sometimes	 referred	 to	 as	 the
“feels	like”	temperature).	The	National	Weather	Service	(NWS)
cautions	 that	 heat	 index	 values	 assume	 shady,	 light	 wind
conditions—exposure	to	direct	sunlight	can	increase	the	index
by	 15	 degrees.	 David	 Romps,	 a	 climate	 scientist	 at	 the
University	 of	 California,	 Berkeley,	 has	 demonstrated	 that	 at
high	 temperatures	 the	 NWS	 heat	 index	 calculation	 becomes
increasingly	inaccurate	and	can	underestimate	the	actual	heat
index	by	as	much	as	20	degrees.

heat	 stress:	 the	 inability	 of	 the	 body	 to	 rid	 itself	 of	 excess	 heat.
Initial	 symptoms	 include	 moderate	 sweating	 and	 a	 rapid
pulse.	 Escalating	 stress	 leads	 to	 heat	 exhaustion	 and
heatstroke.

heatstroke:	 a	 life-threatening	 illness	 typically	 associated	 with	 an
uncontrolled	rise	in	core	body	temperature	above	104	degrees
(40°C)	 and	 central	 nervous	 system	 dysfunction,	 including
delirium,	convulsions,	coma,	and	death.

hyperthermia:	 abnormally	 high	 body	 temperature,	 caused	 when
your	 body	 is	 absorbing	 or	 generating	 more	 heat	 than	 it	 can
release.	 It’s	 the	 opposite	 of	 hypothermia,	 which	 occurs	 when
your	body	is	losing	more	heat	than	it	can	generate.

thermal	barrier:	 the	 reduction	 of	 heat	 transfer	 from	 one	 body	 or
space	 to	 another.	 On	 mammals,	 fur	 is	 a	 thermal	 barrier.	 In
buildings,	 insulation	 is	 a	 thermal	 barrier.	 The	 phrase	 is	 also
used	in	the	context	of	a	heat	boundary,	such	as	the	speed	at
which	a	rocket	can	fly	before	aerodynamic	heating	(caused	by
the	 friction	 of	 an	 object	 flying	 through	 the	 air	 at	 high	 speed)
causes	the	metal	surface	of	the	rocket	to	deform	or	melt.



thermal	 comfort:	 a	 person’s	 state	 of	 mind	 that	 defines	 whether
they	 feel	 too	 hot	 or	 too	 cold.	 Unlike	 hyperthermia,	 which
describes	 a	 physiological	 condition,	 thermal	 comfort
describes	 a	 psychological	 state.	 To	 put	 it	 another	 way,	 what
any	 given	 temperature	 feels	 like	 to	 a	 person	 is	 dependent	 on
who	is	doing	the	feeling.	Age,	basic	health,	clothing,	drug	use,
and	many	other	factors	can	have	a	significant	influence.

transpiration:	the	process	of	water	movement	through	a	plant	and
its	evaporation	from	its	leaves.	Plants	pull	water	from	the	soil
through	 their	 roots	 and	 transport	 it	 to	 their	 leaves,	 where
photosynthesis	 takes	 place.	 But	 almost	 all	 the	 water	 that
reaches	 the	 leaves	 is	 lost	 as	 water	 vapor	 when	 the	 stomata
(tiny	 pore-like	 structures	 on	 the	 leaf	 surface)	 open	 and	 close
to	exchange	CO2	and	oxygen.	As	the	water	vapor	evaporates,	it
has	a	cooling	effect	on	the	plant,	similar	to	the	way	sweating
works	 to	 cool	 the	 human	 body.	 Large	 trees	 can	 transpire	 as
much	 as	 30	 gallons	 of	 water	 a	 day,	 which	 draws	 heat	 energy
from	around	the	tree	and	cools	the	surrounding	air.

urban	heat	 island:	 a	 populated	 area	 that	 is	 significantly	 warmer
than	 its	 surrounding	 rural	 areas	 due	 to	 human	 artifacts	 and
activities.	 Pavement,	 concrete,	 and	 steel	 all	 absorb	 heat	 and
radiate	 it	 back.	 Buildings	 block	 cooling	 breezes.	 Fewer	 trees
mean	 less	 shade	 and	 less	 transpiration	 cooling.	 Waste	 heat
from	machines—cars,	trucks,	AC	units,	power	plants,	factories
—further	 adds	 to	 the	 heat	 load.	 The	 result	 can	 be
temperatures	 15	 to	 20	 degrees	 hotter	 in	 cities	 than	 in	 nearby
rural	 areas,	 with	 the	 temperature	 differential	 often	 largest	 at
night.

vector-borne	 diseases:	 human	 illnesses	 caused	 by	 parasites,
viruses,	 and	 bacteria	 that	 are	 transmitted	 by	 the	 bite	 of	 an
infected	arthropod,	such	as	a	mosquito	or	tick.	Arthropods	are
all	 cold-blooded	 creatures	 and	 thus	 especially	 sensitive	 to
changes	in	temperature	and	climate.

wet	bulb	globe	temperature	(WBGT):	a	measure	of	heat	stress	in



wet	bulb	globe	temperature	(WBGT):	a	measure	of	heat	stress	in

direct	 sunlight,	 which	 takes	 into	 account	 temperature,
humidity,	wind	speed,	and	solar	radiation.

“Wet	 bulb	 globe	 temperature	 came	 out	 of	 the	 military,
because	 they	 wanted	 to	 find	 a	 better	 way	 to	 prevent	 heat
casualties,”	 Andrew	 Grundstein,	 a	 professor	 of	 geography	 at
the	University	of	Georgia,	told	me.	It’s	often	used	in	sports,	 in
the	 military,	 and	 for	 worker	 safety.	 “Because	 it	 considers	 so
many	 factors,	 including	 the	 cooling	 power	 of	 sweat,	 it’s	 a
much	 more	 accurate	 measurement	 of	 heat	 stress	 than	 heat
index,”	explained	Grundstein.	“The	problem	is,	weathercasters
shy	 away	 from	 it	 because	 it	 can	 give	 you	 a	 reading	 that	 is
below	 the	 air	 temperature,	 so	 it	 confuses	 people.”	 For
example,	 as	 I	 write	 this,	 the	 temperature	 in	 Austin	 is	 95
degrees,	with	a	humidity	level	of	40	percent	and	a	light	wind.
The	 heat	 index	 is	 99	 degrees.	 But	 the	 WBGT	 is	 only	 86.4
degrees,	 partly	 because	 there	 is	 light	 cloud	 cover,	 and	 partly
because	humidity	is	relatively	low	(for	Texas).

wet	 bulb	 temperature	 (WBT):	 a	 calculation	 of	 the	 lowest
temperature	that	the	evaporation	of	water	can	cool	air.	 It	was
developed	in	the	early	twentieth	century	by	British	physician	J.
S.	Haldane,	who	descended	into	hot,	humid	Cornish	tin	mines
to	 research	 the	 impacts	 of	 moist	 heat	 on	 workers.	 Haldane
developed	 a	 temperature	 measurement	 that	 focuses	 on
humidity	and	how	well	someone	can	cool	via	the	evaporation
of	sweat.

The	phrase	“wet	bulb”	refers	to	the	fact	that	it	is	measured
by	 wrapping	 a	 thermometer	 in	 a	 wet	 cotton	 rag	 or	 sock	 and
placing	 it	 outdoors.	 As	 the	 water	 evaporates	 from	 the	 rag,	 it
lowers	the	temperature	of	the	thermometer,	approximating	the
cooling	capacity	of	sweat.	When	the	air	is	dry,	more	water	can
evaporate,	 lowering	 the	 WBT	 temperature;	 when	 it’s	 humid,
evaporation	is	less	effective,	so	the	WBT	is	higher.

Researchers	 sometimes	 use	 the	 WBT	 to	 establish
thermodynamic	limits	on	heat	transfer	by	the	human	body.

WBT	 is	 different	 from	 WBGT	 (see	 previous	 page),	 which



WBT	 is	 different	 from	 WBGT	 (see	 previous	 page),	 which

was	 developed	 much	 later	 and	 includes	 the	 effects	 of	 wind
and	solar	radiation.	
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the	Adrienne	Arsht-Rockefeller	Foundation	Resilience	Center	and	a
2020	Guggenheim	Fellow.	
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ALSO	BY	JEFF	GOODELL

THE	WATER	WILL	COME

HOW	TO	COOL	THE	PLANET

BIG	COAL

OUR	STORY

SUNNYVALE

THE	CYBERTHIEF	AND	THE	SAMURAI	
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