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REAPING THE 
WHIRLWIND 

It is now 165 years since John 
Tyndall warned that ‘Greenhouse 
Gases’ could create dangerous 
atmospheric energy gain. But 
global anthropogenic CO2 
emissions have risen from 
196.75 million tonnes in 1850 
to 5.93 billion tonnes [Gt] in 
1950, and 40.9 Gt in 2023 if 
land use change is included1, 
with 20% remaining in our 
atmosphere for 33,000 years. 
Atmospheric CO2 concentrations 
have thus risen from 280 parts 
per million (ppm) in 1850 to 
424ppm in 20232, as have 
those of other GHGs such as 
methane (CH4: 750 parts per 
billion [ppb] in 1800 to >2000 
ppb in 2023)3. Earth’s 
atmosphere is thus gaining ever 
more energy4: oceans alone 
have absorbed 345x1021 Joules 
since 1955 alone2, the energy 
equivalent of 19 billion 
Hiroshima Bombs2. Ocean heat 
content to 2km depth, and 
surface temperature were, in 
2023, the highest recorded5 as 
was annual-mean global surface 
temperature (GST). Average land 
temperatures were 2°C above 
pre-industrial2. We will likely 
breach a 2°C average 10 year 
rise (the maximum which the 
Paris 2010 agreement sought) 
by 20306.  Ice stocks are melting 
rapidly7: from 1997-2021, 
Antarctica lost 7.5 trillion 
tonnes8; Greenland lost >1 
trillion tonnes (5,091 km2 area) 
from 1985-2022 and now 66 
Gt annually9; Swiss glacier 
volume dropped 10% in 
2022/23 alone10; 1.73m km2 of 
Arctic January ice was lost since 
1979; Antarctic sea ice is in 
decline11; and Arctic summer 
sea ice may have vanished by 

203012. With water added from 
land ice melt, and ocean thermal 
expansion, sea levels have risen 
10cm since 199313.  

Adding energy is driving 
increasingly severe and frequent 
and severe extreme weather 
events: global climate-related 
events rose 83% from 1980-
1999 to 2000-2019 (3,656 to 
6,681), the number of major 
floods has doubled in 20 years 
(1,389 to 3,254), and storm 
incidence has risen from 1,457 
to 2,03414.  In 2013-2022 (vs 
1986-2005), the number of 
heatwave days (2 or more days 
where both the minimum and 
maximum temperatures 
exceeded the 1986–2005 95th 
percentile) rose 94%15. From 
2019-2023, annual or seasonal 
temperature records were 
broken in every part of the  
world16. Wildfires are more 
frequent, extensive and intense 
across the globe17, 18, 19.  
Compared to the 10 years from 
2001, the ten years to 2021 saw 
annual tree cover lost to wildfires 
rise 93% (2.86m to 5.5m 
hectares)20, 21.  

IMPACTS ON SOCIETY 
AND SURVIVAL 

The climate stability which 
allowed human civilization to 
flourish for 11,700 years is now 
being lost. Impacts on human 
health and disease are well 
documented15. But impacts 
mediated through social and 
economic change (and resultant 
migration and war) may soon be 
catastrophic. The global land 
area affected by extreme 
drought annually rose 30% 
(18% to 47%) from 1951-1960 
to 2013-202215. This threatens 
global food supply, as do many 
other climate-related factors 

(reviewed in22) such as rising 
sea levels (loss of agricultural 
land/saltwater ingress); 
damaged soil quality, soil 
desiccation and loss; increased 
crop respiration/evapo-
transpiration reducing water 
availability; impaired animal 
productivity/herd survival; crop 
loss to even short-lived single 
extreme weather event; changes 
in weed flora and animal/plant 
diseases, pests, parasites, and 
vectors; and inability to work 
outdoors (in 2022, heat 
exposure caused the loss of 490 
billion potential labour hours, up 
42% from the 1990s15).  
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From 1980-2022, climate-
related weather extremes 
caused EUR 650 billion losses to 
EU member states, and EUR 
59.4 billion and 52.3 billion in 
2021 and 2022 respectively23. 
Heatwaves alone cut European 
annual GDP growth by 0.5% 
(1% in vulnerable regions) in 
the past decade24. The 2022 
heatwave cost Italian farming 
EUR 6.6 billion25; Pakistan floods 
US$ 40 billion26; 2023 Florida 
flooding US$ 9.4 billion27; and 
the 2023 heatwave 0.6% of 
GDP worldwide- and <1.3% for 
China28, with US$ 1.3 trillion 
losses over the last decade29. 
Losses of US$ 5 trillion are 
predicted within 5 years, with a 
1-in-300 chance of a single 
event costing over US$17.5 
trillion- circa 1/6th of current 
world GDP30. Insurance 
actuaries warn that ‘’our 

economy may not exist at all if 
we do not mitigate climate 
change”31.  

Within 45 years, <3billion 
people (if surviving intervening 
climate catastrophe) would face 
mean annual temperatures 
>29°C - currently only found in 
0.8% of land area (mostly 
Saharan), and likely incompatible 
with survival32. In 2023, the UN 
Security Council was warned that 
accelerating sea level rise could 
cause a “mass exodus of entire 
populations on a biblical scale”, 
triggering massive global 
economic and social disruptions 
worldwide33.  War will result34,35, 
and climate change is already a 
“national security threat to 
Europe”36.  

Finally, human survival 
depends upon that of the global 
ecosystem. Vertebrate species’ 

abundance fell 69% between 
1970-201837. On top of this, 
even “moderate” climate change 
might drive 16% of all species to 
extinction within 50 years, and 
fully 1/3rd if emissions continue 
to rise38, 39. Indeed, Earth’s five 
past mass extinctions were 
associated with global heating of 
circa 5.2°C: this level over the 
preindustrial temperatures would 
today cause a mass extinction 
event “rivalling those in Earth’s 
past”40, 41.  

WORSE STILL 
Impacts may, in fact, occur far 

faster than this. Earth’s energy 
imbalance is accelerating due to 
the triggering of multiple (and 
cross-interacting) positive 
feedback loops.  Heat gain has 
accelerated as snow/ice loss 
reflects less back into space 
(albedo effect), adding an 

energy gain equivalent of an 
extra 100ppm CO2

42.  Rises in 
atmospheric methane (83x as 
potent a GHG as is CO2 over its 
first 20 years43 from human 
activity are augmenting global 
heating44, with release from 
warming permafrost45, 46, 
carbonate rocks47, and  
wetlands48.  Increasing wildfires 
release carbon monoxide (which  
extends methane’s atmospheric 
lifespan 49) and more (heating) 
CO2: forest fires emitted nearly 
33.9 Gt CO2 in 2021-202250 
and, in 2023, Canadian fires 
released 22 Gt51. Global wildfire 
emissions may double within 
decades50. Smoke aerosols 
create ozone holes52, 53, short-
term accelerated heating 
detectable < 10km in altitude54, 
and significant disruptions to 
global weather55. Soot landing 
on distant glaciers enhances 
their melt rate, and thus albedo 
effect even further56. Worsening 
storms inject water vapour < 
19km into the atmosphere, 
where it acts as a GHG57, while 
the ability of rainforests to draw 
down CO2, is in decline58, with 
some areas becoming net CO2 
emitters59, 60. Finally, burning 
‘dirty’ fossil fuels to power 
shipping releases aerosols which 
can, paradoxically, help ‘shield’ 
the Earth and partially mitigate 
global heating. As such 
emissions fall, the full effects of 
GHG are felt and heating is, 
consequentially, accelerating4.  

Weather systems may also 
change abruptly61. As polar 
regions are warming 3-4x faster 
than the global average, the 
(moisture-laden) Northern Jet 
Stream will move progressively 
northwards- leading to 
worsening droughts in the 
Iberian Peninsula, and worsening 
winter flooding in Northern 
Europe62. Global heating is also 
driving acceleration in its 
windspeed, bringing more 
extreme weather events63.  

Inflow of cold ice meltwater is 
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disrupting flow of the Atlantic 
Meridional Overturning 
Circulation (AMOC, which 
transports ocean heat)64, which 
is now at its weakest in at least 
1000 years65 and which may be 
at a point of critical transition66. 
Whenever this occurs, it will 
bring catastrophic disruption to 
global weather67. Likewise, the 
Antarctic Ocean circulation is 
slowing68. 

But we may have triggered 
rapid, severe and sudden Arctic 
heating, which would accelerate 
all these impacts69, 70. The last 
three years have seen sudden 
spikes in Greenland temperature 
with massive ice melt in days71, 

72, 73. In 2023, Antarctic sea ice 
reached record lows, with 
evidence that the processes 
underlying polar ice formation 
have been significantly altered. In 
Antarctic mid-winter, a large 
portion of sea ice failed to 
reform, with 7% (1.25 million 
square kilometers) less ice than 
in 202274.  

THE NEED FOR ACTION 
We must save ourselves. As the 

chair of the intergovernmental 
Panel on Climate Change stated 
in 2022, “Any further delay in 
concerted global action will 
miss a brief and rapidly closing 
window to secure a liveable 
future”75.  The much-trumpeted 
‘Paris Deal’ targeted emissions 
reductions of 45% by 2030 
from a 2010 baseline in order to 
keep emissions below 1.5°C but, 
by 2022, emissions had risen by 
12.7% 76, ‘1.5°C’ is no longer 
attainable, and we are likely to 
breech a 2°C rise by 2030 
(above). Independent of party 
allegiance, politicians must show 
true leadership and act – 
whether out of beneficence, 
moral integrity, concerns for the 
UK economy or over mass 
migration, or self-interest for their 
own survival and that of their 
children.   

References 

1.  Fossil CO2 emissions at record high in 
2023 2023 [Available from: 
https://globalcarbonbudget.org/fossil-
co2-emissions-at-record-high-in-
2023/#:~:text=The%20report%20pr
ojects%20that%20total,40.9%20billio
n%20tonnes%20in%202023 
accessed 19th February 2024 2024. 

2.  [Available from: https://nap.national 
academies.org/jhp/oneuniverse/energ
y_solution_22.html#:~:text=(b)%20A
gain%2C%20the%20total,1.8%20*
%2010%5E13%20Joule accessed 
21st February 2024. 

3.  [Available from: https://gml.noaa. 
gov/ccgg/trends_ch4/  accessed 21st 
February 2023. 

4.  Hansen JE, Sato M, Simons L, et al. 
Global Warming in the Pipeline. 
Oxford Open Climate Change 
2023;3(1):kgad008. doi: 
10.1093/oxfclm/kgad008 

5.  Cheng L, Abraham J, Trenberth KE, et 
al. New Record Ocean Temperatures 
and Related Climate Indicators in 
2023. Advances in Atmospheric 
Sciences 2024 doi: 10.1007/s00376-
024-3378-5 

6.  McCulloch MT, Winter A, Sherman CE, 
et al. 300 years of sclerosponge 
thermometry shows global warming 
has exceeded 1.5 °C. Nature Climate 
Change 2024;14(2):171-77. doi: 
10.1038/s41558-023-01919-7 

7.  Otosaka IN, Horwath M, Mottram R, et 
al. Mass Balances of the Antarctic and 
Greenland Ice Sheets Monitored from 
Space. Surveys in Geophysics 
2023;44(5):1615-52. doi: 
10.1007/s10712-023-09795-8 

8.  Davison BJ, Hogg AE, Gourmelen N, 
et al. Annual mass budget of Antarctic 
ice shelves from 1997 to 2021. 
Science Advances 
2023;9(41):eadi0186. doi: 
doi:10.1126/sciadv.adi0186 

9.  Greene CA, Gardner AS, Wood M, et 
al. Ubiquitous acceleration in 
Greenland Ice Sheet calving from 
1985 to 2022. Nature 
2024;625(7995):523-28. doi: 
10.1038/s41586-023-06863-2 

10. Sciences SAo.  [Available from: 
https://scnat.ch/en/uuid/i/b8d5798e
-a75e-5a7d-a858-f7a6613524ed-
Two_catastrophic_years_obliterate_10
_of_Swiss_glacier_volume#:~:text=Gl
aciers%20in%20Switzerland%20lost
%206,disappeared%20in%20only%
20two%20years accessed 21st 
February 2024. 

11. Center NSaID.  [Available from: 
https://nsidc.org/arcticseaicenews/#:
~:text=Monthly%20January%20ice%
20extent%20for,of%202.8%20perce

nt%20per%20decade.&text=The%20
downward%20linear%20trend%20in,
2010%20average%20(Figure%203) 
accessed 21st February 2024. 

12. Kim Y-H, Min S-K, Gillett NP, et al. 
Observationally-constrained 
projections of an ice-free Arctic even 
under a low emission scenario. 
Nature Communications 
2023;14(1):3139. doi: 
10.1038/s41467-023-38511-8 

13. NASA. Sea Level  [Available from: 
https://climate.nasa.gov/vital-
signs/sea-level/ accessed 25th 
February 2024. 

14. Reduction CfRotEoDCUNOfDR. The 
human cost of disasters: an overview 
of the last 20 years (2000-2019), 
2020. 

15. Romanello M, Napoli CD, Green C, et 
al. The 2023 report of the Lancet 
Countdown on health and climate 
change: the imperative for a health-
centred response in a world facing 
irreversible harms. Lancet 
2023;402(10419):2346-94. doi: 
10.1016/S0140-6736(23)01859-7 
[published Online First: 20231114] 

16. Service CCC. July 2023 Sees 
m=Multiple Global Temperature 
Records Broken 2023 [Available from: 
https://climate. copernicus.eu/july-
2023-sees-multiple-global-
temperature-records-broken accessed 
21st February 2024. 

17. Adam J. P. Smith AJP, Jones MW, 
Abatzoglou JT, et al. Climate Change 
Increases the Risk of Wildfires. Science 
Brief 2020 

18. Tyukavina A, Potapov P, Hansen MC, 
et al. Global Trends of Forest Loss 
Due to Fire From 2001 to 2019. Front 
Remote Sens 2022;3(825190) doi: 
doi: 10.3389/frsen.2022.825190 

19. Canadell JG, Meyer CP, Cook GD, et 
al. Multi-decadal increase of forest 
burned area in Australia is linked to 
climate change. Nature 
Communications 2021;12(1):6921. 
doi: 10.1038/s41467-021-27225-4 

20. [Available from: 
https://www.statista.com/statistics/14
01539/forest-loss-by-wildfires/ 
accessed 21st February 2024 2024. 

21. Institute WR. The Latest Data 
Confirms: Forest Fires Are Getting 
Worse 2023 [Available from: 
https://www.wri.org/insights/global-
trends-forest-fires accessed 21st 
February 2024. 

22. Hendriks SL, Montgomery H, Benton 
T, et al. Global environmental climate 
change, covid-19, and conflict 
threaten food security and nutrition. 
BMJ 2022;378:e071534. doi: 
10.1136/bmj-2022-071534 

23. Agency EE. Economic losses from 
weather- and climate-related 
extremes in Europe 2023  
[Available from: https://www.eea. 
europa.eu/en/analysis/indicators/eco
nomic-losses-from-climate-related 
accessed 21st February 2024. 

24. García-León D, Casanueva A, 
Standardi G, et al. Current and 
projected regional economic impacts 
of heatwaves in Europe. Nature 
Communications 2021;12(1):5807. 
doi: 10.1038/s41467-021-26050-z 

25. ‘No water, no life’: Drought threatens 
farmers and food in Italy 2023 
[Available from: 
https://www.context.news/climate-
risks/no-water-no-life-drought-
threatens-farmers-and-food-in-italy 
accessed 21st February 2024. 

26. Bloomberg. Flood Losses Now 
Estimated at $40 Billion: Pakistan 
Officials 2022 [cited 2024 21st 
February]. Available from: 
https://www.bloomberg.com/news/ar
ticles/2022-10-19/flood-losses-now-
estimated-at-40-billion-pakistan-
officals-say?leadSource=uverify 
%20wall. 

27. Hussain NZ, Oguh C, Stempel J. 
Insurers brace for Idalia claims, UBS 
estimates $9.36 billion cost in Florida 
2023 [Available from: 
https://www.reuters.com/world/us/hu
rricane-idalia-could-cost-insurers-936-
bln-ubs-2023-08-30 accessed 
February 21st 2024. 

28. Allianz. Global boiling: Heatwave may 
have cost 0.6pp of GDP, 2023. 

29. Suntheim F, Vandenbussche J. Equity 
Investors Must Pay More Attention to 
Climate Change Physical Risk 2020 
[Available from: https://www.imf.org/ 
en/Blogs/Articles/2020/05/29/blog-
GFSR-Ch5-equity-investors-must-pay-
more-attention-to-climate-change-
physical-risk accessed 21st February 
2024. 

30. Lloyd’s. Lloyd’s new data tool 
highlights vulnerability of the global 
economy to extreme weather 2023 
[Available from: 
https://www.lloyds.com/about-
lloyds/media-centre/press-
releases/lloyds-new-data-tool-
highlights-vulnerability-of-the-global-
economy-to-extreme-weather 
accessed 21st February 2024. 

31. Trust S, Joshi S, Lenton T, et al. The 
Emperor’s New Climate Scenarios 
Limitations and assumptions of 
commonly used climate-change 
scenarios in financial services: Institute 
and Faculty of Actuaries, 2023. 

32. Xu C, Kohler TA, Lenton TM, et al. 
Future of the human climate niche. 
Proceedings of the National Academy 



Science in Parliament  |  Vol 80 No 1  |  Spring 2024 11

of Sciences 2020;117(21):11350-55. 
doi: doi:10.1073/pnas.1910114117 

33. Sea Level Rise Could Trigger ‘Mass 
Exodus on a Biblical Scale’, UN Chief 
Warns 2023 [cited 2024 21st 
February]. Available from: 
https://earth.org/sea-level-rise-
guterres/#:~:text=He%20described
%20the%20predicted%20dislocation,
%2C%20land%20and%20other%20
resources.%E2%80%9D. 

34. Programme UNE. Climate change and 
security risks 2024 [Available from: 
https://www.unep.org/ topics/fresh-
water/disasters-and-climate-
change/environment-security/climate-
change-and-security#:~:text=Security 
%20concerns%20linked%20to%20cl
imate,and%20forced%20migration%
20and%20displacement accessed 
21st February 2024. 

35. Nations U. Conflict and Climate 2022 
[Available from: 
https://unfccc.int/news/conflict-and-
climate accessed 21st February 2024. 

36. Barry B, Fetzek S, Emmett C. Green 
Defence: the defence and military 
implications of climate change for 
Europe: The International Institute for 
Strategic Studies, 2022. 

37. WWF G, Switzerland. WWF Living 
Planet Report 2022 – Building a 
nature- positive society. In: Almond 
REA, Grooten M, Juffe Bignoli D, et al., 
eds.: World Wildlife Fund, 2022. 

38. Parmesan C, Morecroft MD, Trisurat Y, 
et al. Terrestrial and Freshwater 
Ecosystems and Their Services. In: 
Pörtner H-O, Roberts DC, Tignor M, et 
al., eds. Climate Change 2022: 
Impacts, Adaptation and Vulnerability 
Contribution of Working Group II to 
the Sixth Assessment Report of the 
Intergovernmental Panel on Climate 
Change. Cambridge, UK and New 
York, NY, USA, 2022:197–377. 

39. Román-Palacios C, Wiens JJ. Recent 
responses to climate change reveal 
the drivers of species extinction and 
survival. Proceedings of the National 
Academy of Sciences 
2020;117(8):4211-17. doi: 
doi:10.1073/pnas.1913007117 

40. Song H, Kemp DB, Tian L, et al. 
Thresholds of temperature change for 
mass extinctions. Nature 
Communications 2021;12(1):4694. 
doi: 10.1038/s41467-021-25019-2 

41. Penn JL, Deutsch C. Avoiding ocean 
mass extinction from climate 
warming. Science 
2022;376(6592):524-26. doi: 
doi:10.1126/science.abe9039 

42. Hanson J, Sato M, Ruedy R. Global 
Warming Acceleration: Causes and 
Consequences. 2024 

43. Control methane to slow global 
warming — fast. Nature 2021; 
496:461. 

44. Tollefson J. Scientists raise alarm over 
‘dangerously fast’ growth in 
atmospheric methane. 2022 

45. Natali SM, Holdren JP, Rogers BM, et 
al. Permafrost carbon feedbacks 
threaten global climate goals. 
Proceedings of the National Academy 
of Sciences 
2021;118(21):e2100163118. doi: 
doi:10.1073/pnas.2100163118 

46. Walter Anthony K, Schneider von 
Deimling T, Nitze I, et al. 21st-century 
modeled permafrost carbon 
emissions accelerated by abrupt thaw 
beneath lakes. Nature 
Communications 2018;9(1):3262. 
doi: 10.1038/s41467-018-05738-9 

47. Froitzheim N, Majka J, Zastrozhnov D. 
Methane release from carbonate rock 
formations in the Siberian permafrost 
area during and after the 2020 heat 
wave. Proceedings of the National 
Academy of Sciences 
2021;118(32):e2107632118. doi: 
doi:10.1073/pnas.2107632118 

48. Yuan K, Li F, McNicol G, et al. Boreal–
Arctic wetland methane emissions 
modulated by warming and 
vegetation activity. Nature Climate 
Change 2024 doi: 10.1038/s41558-
024-01933-3 

49. Cheng C-H, Redfern SAT. Impact of 
interannual and multidecadal trends 
on methane-climate feedbacks and 
sensitivity. Nature Communications 
2022;13(1):3592. doi: 
10.1038/s41467-022-31345-w 

50. You X. Surge in extreme forest fires 
fuels global emissions. Nature 2023 

51. Copernicus. Copernicus: Canada 
produced 23% of the global wildfire 
carbon emissions for 2023, 2023. 

52. Khaykin S, Legras B, Bucci S, et al. 
The 2019/20 Australian wildfires 
generated a persistent smoke-charged 
vortex rising up to 35 km altitude. 
Communications Earth & 
Environment 2020;1(1):22. doi: 
10.1038/s43247-020-00022-5 

53. Solomon S, Stone K, Yu P, et al. 
Chlorine activation and enhanced 
ozone depletion induced by wildfire 
aerosol. Nature 
2023;615(7951):259-64. doi: 
10.1038/s41586-022-05683-0 

54. Stocker M, Ladstädter F, Steiner AK. 
Observing the climate impact of large 
wildfires on stratospheric temperature. 
Scientific Reports 2021;11(1):22994. 
doi: 10.1038/s41598-021-02335-7 

55. Senf F, Heinold B, Kubin A, et al. How 
the extreme 2019-2020 Australian 

wildfires affected global circulation 
and adjustments. Atmos Chem Phys 
2023;23(15):8939-58. doi: 
10.5194/acp-23-8939-2023 

56. Magalhães Nd, Evangelista H, 
Condom T, et al. Amazonian Biomass 
Burning Enhances Tropical Andean 
Glaciers Melting. Scientific Reports 
2019;9(1):16914. doi: 
10.1038/s41598-019-53284-1 

57. Summer storms launch water high 
into the stratosphere. Nature 
2023;622:221. 

58. Brienen RJW, Phillips OL, Feldpausch 
TR, et al. Long-term decline of the 
Amazon carbon sink. Nature 
2015;519(7543):344-48. doi: 
10.1038/nature14283 

59. Gatti LV, Cunha CL, Marani L, et al. 
Increased Amazon carbon emissions 
mainly from decline in law 
enforcement. Nature 
2023;621(7978):318-23. doi: 
10.1038/s41586-023-06390-0 

60. Gatti LV, Basso LS, Miller JB, et al. 
Amazonia as a carbon source linked 
to deforestation and climate change. 
Nature 2021;595(7867):388-93. 
doi: 10.1038/s41586-021-03629-6 

61. Armstrong McKay DI, Staal A, Abrams 
JF, et al. Exceeding 1.5°C global 
warming could trigger multiple climate 
tipping points. Science 
2022;377(6611):eabn7950. doi: 
doi:10.1126/science.abn7950 

62. Osman MB, Coats S, Das SB, et al. 
North Atlantic jet stream projections in 
the context of the past 1,250 years. 
Proceedings of the National Academy 
of Sciences 2021;118(38): 
e2104105118. doi: 
doi:10.1073/pnas.2104105118 

63. Shaw TA, Miyawaki O. Fast upper-level 
jet stream winds get faster under 
climate change. Nature Climate 
Change 2024;14(1):61-67. doi: 
10.1038/s41558-023-01884-1 

64. Caesar L, Rahmstorf S, Robinson A, et 
al. Observed fingerprint of a 
weakening Atlantic Ocean overturning 
circulation. Nature 2018;556(7700): 
191-96. doi: 10.1038/s41586-018-
0006-5 

65. Caesar L, McCarthy GD, Thornalley 
DJR, et al. Current Atlantic Meridional 
Overturning Circulation weakest in last 
millennium. Nature Geoscience 
2021;14(3):118-20. doi: 
10.1038/s41561-021-00699-z 

66. Boers N. Observation-based early-
warning signals for a collapse of the 
Atlantic Meridional Overturning 
Circulation. Nature Climate Change 
2021;11(8):680-88. doi: 
10.1038/s41558-021-01097-4 

67. van Westen RM, Kliphuis M, Dijkstra 
HA. Physics-based early warning signal 
shows that AMOC is on tipping 
course. Science Advances 
2024;10(6):eadk1189. doi: 
doi:10.1126/sciadv.adk1189 

68. Gunn KL, Rintoul SR, England MH, et 
al. Recent reduced abyssal 
overturning and ventilation in the 
Australian Antarctic Basin. Nature 
Climate Change 2023;13(6):537-44. 
doi: 10.1038/s41558-023-01667-8 

69. Jansen E, Christensen JH, Dokken T, 
et al. Past perspectives on the present 
era of abrupt Arctic climate change. 
Nature Climate Change 
2020;10(8):714-21. doi: 
10.1038/s41558-020-0860-7 

70. Cullather R, Andrews L, Coy L, et al. 
An Atmospheric Blocking Event 
Shatters Temperature Records in East 
Antarctica: NASA; 2022 [cited 2024 
21st February]. Available from: 
https://gmao.gsfc.nasa.gov/research/s
cience_snapshots/2022/atmos_blocki
ng_event_antarctic.php. 

71. Box JE, Wehrlé A, van As D, et al. 
Greenland Ice Sheet Rainfall, Heat 
and Albedo Feedback Impacts From 
the Mid-August 2021 Atmospheric 
River. Geophysical Research Letters 
2022;49(11):e2021GL097356. doi: 
https://doi.org/10.1029/2021GL097
356 

72. NASA. Late Season Melting in 
Greenland 2022 [Available from: 
https://earthobservatory.nasa.gov/ima
ges/150324/late-season-melting-in-
greenland#:~:text=In%20September
%202022%2C%20vast%20areas,fro
m%20May%20to%20early%20Septe
mber. accessed 21st February 2024 
2024. 

73. ArcticRisk.org. Greenland Heatwave 
Arrived as Predicted 2023 [Available 
from: https://arcticrisk.org/alert-
item/greenland-heatwave-arrived-as-
predicted/#:~:text=As%20predicted
%20by%20our%20Pan,increase%20i
n%20ice%20sheet%20melt 
accessed 21st February 2024. 

74. Center NSaID. Rounding the Curve 
2023 [Available from: 
https://nsidc.org/arcticseaicenews/20
23/09/rounding-the-curve accessed 
21st February 2024 2024. 

75. IPCC. Climate change: a threat to 
human wellbeing and health of the 
planet. Taking action now can secure 
our future, 2022. 

76. Annual carbon dioxide (CO2) 
emissions worldwide from 1940 to 
2023 2024 [Available from: 
https://www.statista.com/statistics/27
6629/global-co2-emissions/ accessed 
21st February 2024. 


