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Table S1. Planetary Heat Storage: Ocean, Ice, Air and Land.

Energy required to melt ice and warm the air, land and ocean by specified amounts."

Ocean warming by 1°C through 1 km depth of ocean. Heat storage is 1°C w1 callg * 4.19 joules/cal

area Earth * 0.7 - 15 * 10% joules ~ 93 W yr/m’.
Ice sheet melting 1o raise sea level I meter. Assume ice starts at ~10°C and ends at mean ocean surface temperature
(+15°C). Energy required is 100 cal/g (30 cal/g for melting). Energy for | meter of sea level: 100g/enr’  100cal/g
% 4.19 joules/cal » area Earth x 0.7 1.5 x 10* joules ~ 9.3 W yr/m’
Sea ice melting (all sea ice on planer). Assume ice starts at ~10°C and ends at mean ocean surface temperature
(+15°C). and that sea ice covers 4% of the planet with mean thickness 2.5 m. Energy required is 250 g cr’ x 100
cal/g (80 calg for melting) x 4.19 joules/cal  0.04 < area Earth ~ 2.14 x 10” joules ~ 1.3 W yr/m’.

Air warming by 1°C. The Early's atmospheric mass is ~ 10 m of water. Heat capacity of air ~ 0.24 cal/g°C.
Energy to raise air temperature 1°C: 1°C % 1000 g/enr* x 0.24 cal/g/°C x 4.19 joules/cal * area Earth - 0.26 x10%
joules ~ 0.32 W yr/m’.

Land surface warming by 1°C: The depth of penetration of a thermal wave into the Earth’s crust in 10 years,
weighted by AT.is ~10 m. With density ~ el capacity ~ 0.2 cal/g°C. and 0.29 fractional land coverage,
land heat storage is 10° em 3 g/em’® x 0.2 cal’ 1°C x4.19 joules/cal * area Earth x 0.29 ~ 0.37 x 10% joules
0.23 Wyr. [Ina century the depth of penetration is ~3 times more than in a decade, so heat storage in a century due

to 1°C warming is ~ 0.7 W yr/m? ]

Note that 1 W sec = 1 joule, # sec/vear ~ 1x10”, area Earth ~ 5.1x10" em’, 1 W yr over full Earth ~ 1.61x10%
joules, ocean fraction of Earth ~ 0.7, 1 calorie ~ 4.19 joules.

Confirmation and

SCIENCE 308 (2005), p. 1431

James Hansen, et al, Earth’s Energy
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Table S1. Planetary Heat Storage: Ocean, Ice, Air and Land.

Energy required to melt ice and warm the air, land and ocean by specified amounts."

What's this?

Ocean warming by 1°C through 1 km, is1°C % 10° e’ % 1 callg x 4.19 joules/cal

 area Earth % 0.7 - 15 * 10” joules
Ice sheet melting to raise sea level I mefer. Assume ice starts at ~10°C and ends at mean ocean surface temperature
(+15°C). Energy required is 100 cal/g (80 cal/g for melting). Energy for 1 meter of sea level: 100g/em’ = 100cal/g
419 joules/cal  area Earth » 0.7 1.5 * 10* joules ~ 9.3 W yr/m”.

Sea ice melting (all sea ice on planer). Assume ice starts at ~10°C and ends at mean ocean surface temperature
(+15°).and hat sea ice covers 4% of the planet with mean thickness 2.5 m, Energy requited is 250 g e’ x 100
cal/g (80 cal/g for melting) * 4.19 joules/cal x 0.04 * area Earth ~ 2.14 » 10” joules ~ 1.3 W yr/m

ir warming by 1°C. The Earth’s atmospheric mass is ~ 10 m of water. Heat capacity of air ~ 0.24 calig°C.
Energy to raise air temperature 1°C: 1°C % 1000 g/enr* x 0.24 cal/g/°C x 4.19 joules/cal * area Earth - 0.26 x10%
joules ~ 0.32 W yr/m’.

Land surface warming by 1°C: The depth of penetration of a thermal wave into the Earth’s crust in 10 years,
weighted by AT.is ~10 m. With density ~ 3 /e, heat capacity ~ 0.2 cal/g°C. and 0.29 fractiona erage.
land heat storage is 10° em <3 g/enr’ 0.2 cal/gC x 1°C x4.19 joules/ecal * area Earth % 0.29 ~ 0 joules ~
0.23 Wyr. [Ina century the depth of penetration is ~3 times more than in a decade, so heat storage in a century due
to 1°C warming is ~ 0.7 W yr/m®]

°

"Note that 1 W sec = 1 joule, # sec/year ~ 1x10”, area Earth ~ 5.1x10" em?, 1 W yr over full Earth ~ 1.61x10%
joules, ocean fraction of Earth ~ 0.7, 1 calorie ~ 4.19 joules.

SCIENCE 308 (2005), p. 1431
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Table S1. Planetary Heat Storage: Ocean, Ice, Air and Land.

Energy required to melt ice and warm the air, land and ocean by specified amounts."

What's this?

Ocean warming by 1°C through 1 km deptl of oc
x area Earth x 0.7 ~ 15 x 102 Jjoules — 93 W yr/m’.

. Heat storage is 1° w’ 1 callg * 4.19 joules/cal

Ice sheet melting 1o raise sea level I meter. Assume ice starts at ~10°C and ends at mean ocean surface temperature
(+15°C). Energy required is 100 cal/g (80 cal/g for melting). Energy for 1 meter of sea level: 100g/em’ = 100cal/g
* 419 joules/cal » area Earth » 0.7 1.5 x 10 joules - 9.3 W yr/m’

Sea ice meliing (all se ice on planei). Assume ice siarts a1 10°C and ends af mean ocean SUrTace emperanire
15°C). and that sea ice covers 4% of the planet with mean thickness 2.5 w, Enerey required is 250 g ca’ » 100

cal/g (80 calg for melting) x 4.19 joules/cal  0.04 < area Earth ~ 2.14 x 10” joules ~ 1.3 W yr/m’.

Air warming by 1°C. The Earth’s atmospheric mass is ~ 10 m of water. Heal capacity of air ~ 0.24 cal/g/°C.

Energy to raise air temperature 1°C: 1°C x 1000 g/en’ x 0.24 cal/g/°C * 4.19 joules/cal  area Earth - 0.26

joules ~0.32 W yr/m’.

Land surface warming by 1°C: The depth of penetration of a thermal wave into the Earth’s crust in 10 years,
weighted by AT. is ~10 m. With density ~ 3 g/enr’. heat capacity ~ 0.2 cal/g/°C. and 0.29 fractional knd coverage.
land heat storage is 10° em x3 g/em’ x 0.2 cal/g/°C x 1°C x4.19 joules/cal = area Earth x 0.29 ~ 0.37 x 10* joules ~
0.23 Wyr. [Ina century the depth of penctration is ~3 times more than in a decade, so heat storage in a century due
to 1°C warming is ~ 0.7 W yr/m’.]

"Note that 1 W sec = 1 joule, # sec/year ~ 1x10”, area Earth ~ 5.1x10" em?, 1 W yr over full Earth ~ 1.61x10%
joules, ocean fraction of Earth ~ 0.7, 1 calorie ~ 4.19 joules.

SCIENCE 308 (2005), p. 1431
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How much heat does it take to melt enough of the ice sheets
to raise the sea level by one meter?

Assumption: Ice starts at -10°C and ends up as ocean water at +15°C.
Hansen: About 1.5x10% joules = 9.3 Wyr/m?

How long does it take to melt enough of the ice sheets to
raise the sea level by one meter?

If the heat imbalance at the Earth's surface is one watt per square meter,
and if all the heat imbalance goes toward melting the ice sheets,
then the time required to raise the sea level one meter is
9.3 years.
meters per year: 1/9.3 = 0.108 m/yr
= 1.08 m/decade = 10.8 m/century

Math 1901 10
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What is a watt-year?
A watt is a unit of power, or energy per unit time, i.e.,
one joule per second.
A year is about 3.14x107 seconds, so a watt-year is about
3.14x107 joules.
What is a watt-year per square meter?
About 3.14x107 joules per square meter.
If the heat imbalance at the Earth's surface is one watt per square

meter, then the energy imbalance over the course of a year is about
3.14x107 joules per square meter.

Earth's surface area: about 5.1x10% square meters.

If the heat imbalance at the Earth's surface is one watt per square
meter, then the energy absorbed over the whole Earth is about
1.61x10% joules = 16.1 zJ (zettajoules).
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How much heat does it take to melt enough of the ice sheets
to raise the sea level by one meter?

Assumption: Ice starts at -10°C and ends up as ocean water at +15°C.
Hansen: About 1.5x10% joules = 9.3 Wyr/m?
How long does it take to melt enough of the ice sheets to
raise the sea level by one meter?

Assume a heat imbalance of 1 W/m2.

Math 1901 10,
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Suppose that all the heat imbalance goes to
melting the ice sheets.

It takes 9.3 Wyr/m?2 to turn ice sheets into 1
meter of ocean. If the heat imbalanceis 1
W/m?2, the sea level would rise at the rate
of 1/9.3 meters per year, or about 0.108
meters per year, or 1.08 meters per decade,
or 10.8 meters per century.

How long would it take to melt all the ice?

Assume that, if all the ice melted, it would
raise the sea level by 70 meters.

Math 1901 10,
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Suppose that all the heat imbalance goes to
melting the ice sheets.

It takes 9.3 Wyr/m? to turn ice sheets into 1
meter of ocean. If the heat imbalance is 1
W/m?, the sea level would rise at the rate
of 1/9.3 meters per year, or about 0.108
meters per year, or 1.08 meters per decade,
or 10.8 meters per century.

How long would it take to melt all the ice?

70 meters/0.1098 meters per year =
650 years.

Math 1901 1
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Melting all the ice sheets would cause a sea level rise of about 70 meters and
would take about 650 years at the current imbalance of 1 W/m?2.

What if the imbalance was 2 W/m??

Math 1901 1
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Melting all the ice sheets would cause a sea level rise of about 70 meters and
would take about 650 years at the current imbalance of 1 W/m?2.

What if the imbalance was 2 W/m??
325 years

What if the imbalance was 0.1 W/m??
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Suppose that all the heat imbalance goes to
melting the ice sheets.

It takes 9.3 Wyr/m? to turn ice sheets into 1
meter of ocean. If the heat imbalanceis 1
W/m?, the sea level would rise at the rate
of 1/9.3 meters per year, or about 0.108
meters per year, or 1.08 meters per decade,
or 10.8 meters per century.

Melting all the ice sheets would cause a sea
level rise of about 70 meters and would
take about 650 years at the current
imbalance.
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Melting all the ice sheets would cause a sea level rise of about 70 meters and
would take about 650 years at the current imbalance of 1 W/m?,
What if the imbalance was 2 W/m??
325 years

centuries
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Melting all the ice sheets would cause a sea level rise of about 70 meters and
would take about 650 years at the current imbalance of 1 W/m?,
What if the imbalance was 2 W/m??
325 years

What if the imbalance was 0.1 W/m??
6500 years

—10

—20




Math 1901

Math 1901
Earth's Heat Imbalance

The USA in the Ice Free Earth

Computer Simulation, Clarence Lehman, Univ. Mn. 2006
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The Good News

o Even if all the current heat imbalance goes into melting the ice sheets, it will
take 650 years to melt all the ice.

® The ocean seems to be absorbing most of the heat imbalance, so we have
some time before the ice sheets start melting seriously.

The Bad News
® 700 years is a long time, but that is actually a rate of 1 meter of sea level rise
per decade. At that rate it may be impossible for coastal cities to adapt.

o As we have seen recently, ocean surface temperature rise is itself a serious
problem.

® Once the sea level begins to rise, it could go at a rate of 1 meter per decade,
so we should start preparing to adapt to that.

@ Math 1901 1
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How much heat does it take to raise the temperature of the
top kilometer of the oceans by 1°C?

Assumption: Warm the top kilometer of the oceans by 1°C
Hansen: About 15x102 joules = 93 Wyr/m?

How long does it take to raise the temperature of the top
kilometer of the oceans by 1°C?

@ Math 1901 1
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The Modern Ice Free Earth

Computer Simulation, Clarence Lehman, Univ. Mn. 2006
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Table S1. Planetary Heat Storage: Ocean, Ice, Air and Land. ;
) ; warming the oceans
Energy required o melt ice and warm the air. land and ocean by specified amounts

[omm warming by 1°C througih 1 km depth

s
Heat storage s 1°C  10° glem’ x 1 cal/g * 4.19 joules/cal
 area Earth % 0.7 - 15 * 10” joules - 93 W y

Ice sheet melting 1o raise sea level I mefer. Assume ice starts at ~10°C and ends at mean ocean surface temperature
(+15°C). Energy required is 100 cal/g (80 cal/g for melting). Fner 1 mefer of sea level: 100g/ecn’  100cal/g

* 4.19 joules/cal » area Earth x 0.7 ~15 = 10 joules ~ 9.3 Wy

Sea ice melting (all sea ice on planet). Assume ice starts at ~10°C and ends at mean ocean surface temperafure
. and that sea ice covers 4% of the planet with mean thickness 2.5 m, Energy required is 230 g cur’ 100

80 cal/g for melting) * 4.19 joules/cal x 0.04 x area Earth ~ 2.14 x 10 joules ~ 1.3 W yr/m®.

Air warming by 1°C. The Earth’s atmospheric mass is ~ 10 m of water. Heal capacity of air ~ 0.24 calig°C.
Energy to raise air temperature 1°C: 1°C % 1000 g/enr* x 0.24 cal/g/°C x 4.19 joules/cal * area Earth - 0.26 x10%
joules ~ 0.32 W yr/m’.

ave into the Earth’s crust in 10 years,

acity ~ 0.2 cal/g°C. and 0.29 fiactional ld coverage.
#4.19 joules/cal = area Earth < 0.29 ~ 0.37 x 10* joules ~
times more than in a decade, so heat storage in a century due

Land surface warming by 1°C: The depth of penetration of a thermal
. heal capaci

weighted by AT.is ~10 m. With density ~
land heat storage is 10° em 3 g/em’® x 0.2 cal’
0.23 Wyr. [Ina century the depth of penetration is
to 1°C warming is ~ 0.7 W yr/m®]

"Note that 1 W sec = 1 joule, # sec/year ~ 1x10”, area Earth ~ 5.1x10" em?, 1 W yr over full Earth ~ 1.61x10%
joules, ocean fraction of Earth ~ 0.7, 1 calorie ~ 4.19 joules.

James Hansen, et al, Earth’s Energy C ion and SCIENCE 308 (2005), p. 1431

/5/2023
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How much heat does it take to raise the temperature of the
top kilometer of the oceans by 1°C?

Assumption: Warm the top kilometer of the oceans by 1°C
Hansen: About 15x10? joules = 93 Wyr/m?

How long does it take to raise the temperature of the top
kilometer of the oceans by 1°C?

If the heat imbalance at the Earth's surface is one watt per square
meter, and if all the heat imbalance goes toward raising the
temperature of the oceans, then the time required to raise the ocean
temperature by 1°Cis
93 years.

@ Math 1901 10
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Now imagine a scenario where the temperature of the top kilometer of the ocean Now imagine a scenario where the temperature of the top kilometer of the ocean
must increase by 0.5°C before any of the ice sheets can melt. must increase by 0.5°C before any of the ice sheets can melt.
If the heat imbalance is 1 W/m?, how long before the sea level starts to rise? If the heat imbalance is 1 W/m?, how long before the sea level starts to rise?

It takes 93 years to raise the temperature by 1°C, so it would take 46.5 years to raise
the temperature of a kilometer of ocean by 0.5°C.

@ Math 1901 1¢
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Now imagine a scenario where the temperature of the top kilometer of the ocean Now imagine a scenario where the temperature of the top kilometer of the ocean
must increase by 0.5°C before any of the ice sheets can melt. must increase by 0.5°C before any of the ice sheets can melt.
If the heat imbalance is 1 W/m?, how long before the sea level starts to rise? If the heat imbalance is 1 W/m?, how long before the sea level starts to rise?
It takes 93 years to raise the temperature by 1°C, so it would take 46.5 years to raise It takes 93 years to raise the temperature by 1°C, so it would take 46.5 years to raise
the temperature of a kilometer of ocean by 0.5°C. the temperature of a kilometer of ocean by 0.5°C.
If the heat imbalance is 2 W/m?, how long If the heat imbalance is 2 W/m?, how long
before the sea level starts to rise? before the sea level starts to rise? »

Half as long: 23 years. 15 N
W2
10 —o1

sea level rise (meters)

—y
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Table S1. Planetary Heat Storage: Ocean, Ice, Air and Land. melting the sea ice .
Energy required to melt ice and warm the air, land and ocean by specified amounts." How much heat does it take to melt all

the sea ice on the Earth?

Ocean warming by 1°C through 1 km deptl of ocean. Heat storage is 1°C x 10 g/en

o % 1 cal/g x 4.19 joules/cal
* area Earth % 0.7 - 15 * 10” joules - 93 W yr/m’.

Assumptions: Ice starts at -10°C and ends up at +15°C. The ice covers 4% of
Ice sheet melting to raise sea level I meter. Assume ice starts at ~10°C and ends gf mean ocean surface temperature . .
(+15°C). Energy required is 100 cal/g (80 cal/e for melting). Enerey for | meter/f sea level: 100g/en’  100cal/g the planet with a mean thickness of 2.5 meters.
419 joules/cal  area Earth » 0.7 1.5 * 10* joules ~ 9.3 W yr/m”. Hansen: About 2.14x1022 joules ~1.3 Wy,/mz

C). and that sea ice covers 4% of the planet with mean thickuess 2.5 m. Energy required is 250 g cur’ *
2 (80 cal

With an imbalance of 1 W/m?, how long would it
take to melt all the sea ice?

a ice melting (all sea ice on planer). Assume ice starts at —10°C and ends at mean ocean surface temperanure
? 100
for melting) * 4.19 joules/cal x 0.04  area Earth ~ 2.14 x 10 joules ~ 1.3 W yr/m®.

Air warming by 1°C. The Earth’s atmospheric mass is ~ 10 m of water. Heal capacity of air ~ 0.24 calig°C.
to raise air temperature 1°C: 1°C * 1000 g/em’ % 0.24 cal/g/°C * 4.19 joules/cal * area Earth - 0.26 x10*
0.32 W yr/m’.

Land surface warming by 1°C: The depth of penetration of a thermal wave into the Earth’s crust in 10 years,
weighted by AT.is ~10 m. With density ~ 3 /e’ heat capacity ~ 0.2 cal/g/°C. and 0.29 fractional land coverage.
land heat storage is 10° em 3 g/em’® x 0.2 cal/g/°C x 1°C x4.19 joules/cal * area Earth x 0.29 ~ 0.37 x 10% joules ~
0.23 W yr. [Ina century the depth of penetration is ~3 times more than in a decade, so heat storage in a century due
to 1°C warming is ~ 0.7 W yr/m®]

°

"Note that 1 W sec = 1 joule, # sec/year ~ 1x10”, area Earth ~ 5.1x10" em?, 1 W yr over full Earth ~ 1.61x10%
joules, ocean fraction of Earth ~ 0.7, 1 calorie ~ 4.19 joules.

James Hansen, et al, Earth’s Energy C ion and Implications, SCIENCE 308 (2005), p. 1431

@ Math 1901 10 @ Math 1901 10,
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Assumptions: Ice starts at -10°C and ends up at +15°C. The ice covers 4% of
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How much heat does it take to melt all
the sea ice on the Earth?

the planet with a mean thickness of 2.5 meters.
Hansen: About 2.14x10% joules = 1.3 Wyr/m?

With an imbalance of 1 W/m?, how long would it
take to melt all the sea ice?

If the heat imbalance at the Earth's surface is one watt per square
meter, and if all the heat imbalance goes toward melting the sea ice,
then all the sea ice would be gone in
1.3 years.

Won't happen before 2025!

Math 1901 1
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Suppose the ocean stopped absorbing 1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?

Math 1901 1
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Suppose the ocean stopped absorbing 1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?

Hansen: Warming the air by 1°C requires 0.32 Wyr/m2.
So it would take 0.32 years, or about 117 days, or January 26, 2025.
The air temperature would go up 3°C every year.

Suppose the ocean stopped absorbing 0.1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?

Math 1901 1

Richard McGehee, University of Minnesota
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Table S1. Planetary Heat Storage: Ocean, Ice, Air and Land.

Energy required to melt ice and warm the air, land and ocean by specified amounts."

warming the air

Ocean warming by 1°C through 1 km depth of ocean. Heat storage is 1°C x 107 glemy/ « 1 cal/g * 4.19 joules/cal
* area Earth % 0.7 - 15 * 10” joules - 93 W yr/m’.

Ice sheer melting fo raise sea level I mefer. Assume ice stats at ~10°C and ends g mean ocean surface temperature

(+15°C). Energy required is 100 cal/g (80 cal/g for melting). Energy for | metey sea level: 100g/enr’ * 100cal/g
*4.19 joules/cal * area Earth x 0.7 ~1.5 10 joules ~ 9.3 W yr/m’

ice melting (all sea ice on planer). Assume ice starts at ~10°C and ends/t mean ocean surface temperaure
. and that sea ice covers 4% of the planet with mean thickness 2.5 . Energy required is 250 g cur’ x 100
50 cal/g for melting) * 4.19 joules/cal x 0.04 * area Earth ~ 2.14 %407 joules ~ 1.3 W yr/m’.

tir warming by 1°C. The Earth’s atmospheric mass is ~ 10 m of water. Heat capacity of air ~ 0.24 calig/°C.
joules ~ 0.32 W yr/m’.

[hnue\ to raise air temperature 1°C: 1°C * 1000 g/emr’ » 0.24 cal/gC  4.19 joules/eal * area Earth - 0.26 = 107

Land surface warming by 1°C: The depth nfpenemnnu of a thermal wave into the Earth’s crust in 10 years,
weighted by AT. is ~10 m. V\nh density ~ 3 g/’ hea 2°C. and 0.29 L\«Lu«mdl Jand covera
land heat storage is 10° em <3 g

0.23 Wyr. [Ina century th
to 1°C warming is ~ 0.7 W yr/m’

h of penetration is ~3 times more than in a decade, so heat storage in a century due

"Note that 1 W sec = 1 joule, # sec/year ~ 1x10”, area Earth ~ 5.1x10" em?, 1 W yr over full Earth ~ 1.61x10%
joules, ocean fraction of Earth ~ 0.7, 1 calorie ~ 4.19 joules.

James Hansen, et al, Earth’s Energy Conf ion and SCIENCE 308 (2005), p. 1431

@ Math 1901 10/

Math 1901
arth's Heat Imbalance

Suppose the ocean stopped absorbing 1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?
Hansen: Warming the air by 1°C requires 0.32 Wyr/m2.
So it would take 0.32 years, or about 117 days, or January 26, 2025.

The air temperature would go up 3°C every year.

Math 1901 10
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Suppose the ocean stopped absorbing 1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?
Hansen: Warming the air by 1°C requires 0.32 Wyr/m2.
So it would take 0.32 years, or about 117 days, or January 26, 2025.
The air temperature would go up 3°C every year.
Suppose the ocean stopped absorbing 0.1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?

3.2 years, or December 2027.

Math 1901 10
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Suppose the ocean stopped absorbing 1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?
Hansen: Warming the air by 1°C requires 0.32 Wyr/m2.
So it would take 0.32 years, or about 117 days, or January 26, 2025.
The air temperature would go up 3°C every year.
Suppose the ocean stopped absorbing 0.1 W/m? and instead that
heat went into the atmosphere.
How long would it take to increase the air temperature by 1°C?

3.2 years, or December 2027.

The ocean is still absorbing most of the imbalance, so we are good. el NI Water.
Will it continue? G
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@he Washington Post

April 11, 2018

The ocean transports energy Thermohaline Circulation
around the planet, mostly moving 2 =
heat from the equatorial regions to .. . . . .
the polar regions. The oceans’ circulation hasn’t been this sluggish in 1,000

It also mixes the shallow ocean years. That’s bad news. =
with the deep ocean, maintaining

some kind of balance across the . . . .
planet — The Atlantic Ocean circulation that carries
. E

o warmth into the Northern Hemisphere’s high
latitudes is slowing down because of climate
change, a team of scientists asserted
‘Wednesday, suggesting one of the most feared
consequences is already coming to pass.

Currently, the ocean is slowly moving heat from the surface to the
deep ocean.
Will it continue?
Nature volume 556, pages191-196 (2018)
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Current Atlantic Meridional Overturning Circulation
weakest in last millennium

The Atlantic Meridional Overturning Circulation (AMOC)— The oceans
one of Earth’s major ocean circulation systems—
s S cover 70% of
redistributes heat on our planet and has a major impact on .
climate. Here, we compare a variety of published proxy Earth's surface.
records to reconstruct the evolution of the AMOC since What they do
about AD 400. A fairly consistent picture of the AMOC affects the
emerges: after a long and relatively stable period, there whole planet.

was an initial weakening starting in the nineteenth
century, followed by a second, more rapid, decline in the
mid-twentieth century, leading to the weakest state of the
AMOC occurring in recent decades.
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