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For the physical modelling of Earth's climate, quantifying 
variability and reliably predicting global warming

For the discovery of the 
interplay of disorder and 
fluctuations in physical 
systems from atomic to 
planetary scales

Syukuro Manabe Klaus Hasselmann Giorgio Parisi

https://www.nobelprize.org/prizes/physics/2021/summary/
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for integrating climate change 
into long-run macroeconomic 
analysis

for integrating technological 
innovations into long-run 
macroeconomic analysis

https://www.nobelprize.org/prizes/economic-sciences/2018/summary/

William D. Nordhause Paul M. Romer
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for their efforts to build up and disseminate greater knowledge 
about man-made climate change, and to lay the foundations for 
the measures that are needed to counteract such change

https://www.nobelprize.org/prizes/peace/2007/summary/

Al Gore Jr.
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In my view, the aspect of climate change we 
are concerned most is:

So rapid and so severe anthropogenic climate 
change that cannot be adapted without 
enormous, unacceptable costs
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https:// www.nobelprize.org/prize
s/physics/2021/manabe/lecture/
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ԅרẈᶎ ᶊ ↔□ ҈1951-1980ẉ￼ᴪקεŪCζ
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ᾤẗ ↔ӧᴪקњ ḌᵔҺεIPCCζ
Ԉ₭ ӂἵᵓεAR6, 2021)
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╗╜ᴩצḽѦᶁ ẈҙₒҎ Ẽᵟײַ

V CLHLSᾭὯẓε2005-2018ẉζ

V 27,233Ѧ65ṠҨі ẉҚ

VᶺӺε ớᵙ ớζᵻặ

Yao et al., Science Advances, 2025

ẉᶎ□ẙὝᾭεᵍ►ẙẽᵠζ □ẙὝᾭῄ ᴪꞌ
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ᾤẗ ↔ӧᴪקњ ḌᵔҺεIPCCζ
Ԉ₭ ӂἵᵓεAR6, 2021)
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Evolution of the Sun in extreme ultraviolet light from 2010 through 2020, as 

seen from the telescope aboard Europe's PROBA2 spacecraft. Credit: Dan 
Seaton/European Space Agency (Collage by NOAA/JPL-Caltech)

Solar minimum

Solar maximum
https:// www.nasa.gov/mission_pa
ges/sunearth/news/solarcycle-
primer.html
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https:// climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate/

ῒ Q: ֹᶊר ᴪק￼ᵕῼιӑ ệ ᴪק ︣ẉ‎ԅרᴪῧᵈό
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ѣѦᴝḒ⌐קḙ јᾡᴪ⃰ט כּ ѧỌ￼ Ḿ֫ṵ
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2022ẉ1ῴ15ῄ∙ז♀ṟⱨᴧ

Source: NASA Earth Observatory

♀ṟⱨᴧẬ ￼ᶽ↔ἄ֫ᾡᴪ

Volcanoes 101 | National Geographic
https:// www.youtube.com/watch?v=VNGUdObDoLk
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ԅרҚѭ□ḯ↔ӌὴᾣ

֫ ԅר□ḯ↔ӌὴᾣ

1. ק Ⱨᾳᵙּוⱶ ￼Ⱨ♪Ṁ ᶽ↔ѧCO2ᵍ ״ ι ￼
Ⱨ♪Ṁ SO2ᵍ ״

2. ∩ ￼ᶽ ӔּזṀ ᶽ↔ѧ ⱶק ∕…ⱶᶭזᵙ
↔ ᵍ ᶭז

3. ҚṪᶁ Ṁ ᶽ↔ѧ ￼֟Ṉ ỗוּ ѧ￼ᴵּז ᶭזι
ᴵ ℓẬ ᶽ↔ѧ╗ớ ￼ὴᾣ

4. ҚṪֺ ￼ֺֿ֚CFCs￼⌠◖Ṁ ᶽ↔ѧCFCsg ᶭזι
CFCsᶈᶽ↔Ẉ╙Ṗ֫ ᵅғּו￼ ἄẈ╙ṖO3֟Ṉ

5. □ḯ↔ӌ￼ᶭזṀ ↔ӧᴪῧι□ẙ״ ᵅᶽ↔ѧ↨∩ᵍ
ᶭז

6. Қ ט╗ ὶἆ ὶẬ ᶽ↔ἄ֫￼ ⱡ◊ὴᾣ￼ᴪק

ɚɚ
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Year (AD)

CO2

Year (AD)

Mauna Loa Observatory, Hawaii

ᾤẗ ↔ӧᴪקњ ḌᵔҺ Ԉ₭ ӂἵᵓ (IPCC AR6, 2021)
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ᾤẗ ↔ӧᴪקњ ḌᵔҺεIPCCζ
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ᾤẗ ↔ӧᴪקњ ḌᵔҺεIPCCζ
Ԉ₭ ӂἵᵓεAR6, 2021)
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S.  Rahmst or f :  Ther mohal i ne Ocean Ci r cul at i on.  I n:  Encycl opedi a of  Quat er nar y 

Sci ences ,  Edi t ed by S.  A.  El i as.  El sevi er ,  Amst er dam 2006.  
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Thermohaline Ocean Circulation 

Stefan Rahmstorf 

 

The thermohaline circulation is that par t of the ocean circulation which is dr iven by fluxes of heat and 

freshwater  across the sea sur face and subsequent inter ior  mixing of heat and salt. The term thus refers 

to a dr iving mechanism. Impor tant features of the thermohaline circulation are deep water  formation, 

spreading of deep waters par tly through deep boundary currents, upwelling and near-sur face 

currents, together  leading to a large-scale deep over turning motion of the oceans. The large heat 

transpor t of the thermohaline circulation makes it impor tant for  climate, and its non-linear  and 

potentially abrupt response to forcing have been invoked to explain abrupt glacial climate changes. 

Anthropogenic climate change is likely to weaken the thermohaline circulation in future, with some 

r isk of tr igger ing abrupt and/or  ir reversible changes. 

 
ñIt appears to be extremely difficult, if not quite impossible, to account for this degree of 

cold at the bottom of the sea in the torrid zone, on any other supposition than that of cold 

currents from the poles; and the utility of these currents in tempering the excessive heats 

of these climates is too evident to require any illustrationò 

Sir Benjamin Thompson, 1797 
 

 

 

What is the thermohaline circulation? 

In 1751 the captain of an English slave-

trading ship made the first recorded measurement 

of deep ocean temperatures ï he discovered that 

the water a mile below his ship was very cold, 

despite the subtropical location. In 1797 another 

Englishman, Benjamin Thompson, correctly 

explained this discovery by cold currents from the 

poles, as part of what later became known as the 

thermohaline circulation. 

 

 As opposed to wind-driven currents and tides 

(the latter are due to the gravity of moon and sun), 

the thermohaline circulation (often abbreviated as 

THC) is that part of the ocean circulation which is 

driven by fluxes of heat and freshwater across the 

sea surface and subsequent interior mixing of heat 

and salt - hence the name thermo-haline. 

(Geothermal heat sources at the ocean bottom 

play a minor role.) The term thermohaline 

circulation thus refers to a particular driving 

mechanism; it is a physical, not an observational 

concept. 

 

 

 

 

 

 

 

 
Fig. 1 Schematic representation of the global 

thermohaline circulation. Surface currents 

are shown in red, deep waters in light blue 

and bottom waters in dark blue. The main 

deep water formation sites are shown in 

orange. (Modified after [Broecker, 1991]; 

from [Kuhlbrodt, et al., submitted].) 
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Bowman et al. (2020)

Chongqing, China (September, 2022) 

New South Wales, Australia (December, 2019) 

British Columbia, Canada (June, 2023) 


