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Fig. 1. Experts now generally agree that human-caused climate change is driving today’s increasingly disastrous rise in the frequency and intensity of extreme
events such as floods, storms, wildfires, drought, and tornadoes. Credit: Pixabay (public domain).
Chris Palmer
Senior Technology Writer
In a year that had already seen dozens of heat and extreme
weather records shattered [1] and temperatures approaching the
limit of human survival [2], the Intergovernmental Panel on
Climate Change (IPCC) published its latest large-scale report, con-
cluding that the world has warmed 1.1 �C above pre-industrial
levels [3]. Along with dire warnings for the future, the authors of
the March 2023 report issued the hopeful message that many
feasible and effective options are currently available to reduce
greenhouse gas emissions and adapt to human-caused climate
change—they just need to be implemented at greater speed and
scale.

The first sentences of the 3657-page report, called the Sixth
Assessment Report or AR6, succinctly acknowledge humanity’s
role in bringing about climate disaster (Fig. 1) [3]: ‘‘Human activi-
ties, principally through emissions of greenhouse gases, have
unequivocally caused global warming, with global surface tempera-
ture reaching 1.1 �C above 1850–1900 in 2011–2020. Global
greenhouse gas emissions have continued to increase, with
unequal historical and ongoing contributions arising from unsus-
tainable energy use, land use and land-use change, lifestyles and
patterns of consumption and production across regions, between
and within countries, and among individuals.”

‘‘We know that human activities are causing climate change
and that climate change is also causing impacts on our biodiver-
sity, on ecosystems, and on human wellbeing including health
and economics,” said William Cheung, professor and director of
the Institute for the Oceans and Fisheries at the University of
British Columbia in Vancouver, BC, Canada, and coordinating lead
author of the assessment’s Special Report for the Oceans and
Cryosphere in a Changing Climate [4]. ‘‘We also know there are
available solutions, and the world has the financial capability to
implement the solutions. We just need action to achieve effective
climate mitigation.”

‘‘Every country that engaged in the IPCC’s process now knows
what the timeframe is, and they know that there are no options
to kick the can down the road,” said William Collins, professor of
earth and planetary science at the University of California,
Berkeley, and associate laboratory director for Earth and
weather
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environmental sciences at Lawrence Berkeley National Laboratory
in Berkeley, CA, USA. ‘‘We have run out of road.”

The IPCC’s First Assessment Report, issued in 1990, inspired the
creation of the United Nations Framework Convention on Climate
Change (UNFCCC), a treaty aimed at stabilizing greenhouse gases
[5]. The Second Assessment acted as the backbone of the 1997
Kyoto Protocol, the first global agreement regarding binding emis-
sions targets for developed countries [6]. The Fifth Assessment
informed 2015’s Paris Agreement, the historic global accord
addressing climate change mitigation, adaptation, and finance [7].

According to the 2023 report, if temperatures are to be kept to
1.5 �C above pre-industrial levels, carbon emissions need to be cut
almost in half by 2030, and the world would need to reach net-zero
emissions by 2050 [3]. The report also suggests that overshooting
those timelines could be offset by increased deployment of nega-
tive emissions technologies [8], such as direct air capture [9,10].
‘‘Rather than spurring a new kind of agreement, AR6 helps us
understand the extent to which we are achieving the climate tar-
gets under the Paris Agreement, especially as countries are trying
to develop or update their mitigation and adaptation commit-
ments,” Cheung said.

The IPCC’s urgency may actually be understated, according to
meteorologists who predicted earlier this year that the global aver-
age temperature for a single year has a two-in-three chance of
exceeding 1.5 �C above pre-industrial levels within the next five
years [11]. That does not mean that the world will have officially
violated the aspirational goal of the Paris Agreement, which, to
overcome the influence of natural variability, is concerned with
temperature increases over a two-decade period. However,
because global warming is uneven, more than one-fifth of the
world’s population currently lives in regions that have already
exceeded 1.5 �C of warming in at least one season [12].

Limiting warming to 1.5 �C, rather than 2 �C, ‘‘could reduce the
number of people exposed to climate-related risks and susceptible
to poverty by up to several hundred million by 2050,” the AR6
report states. At an increase of 1.5 �C, the number of people glob-
ally at risk of inadequate water supplies could be 50% lower than
at 2 �C. Other species would also be worse off with a 2 �C increase.
At that level of warming, coral reefs could experience a complete
die-off, and twice as many plant species—and three times as many
insects—could lose at least half of their habitat compared with a
1.5 �C rise [3].

The AR6 report laid out five increasingly dire scenarios that cor-
respond to different timelines of climate action and their predicted
degrees of warming [3]. Under even the most optimistic scenario,
one in which the world collaborates on slashing emissions imme-
diately, the Earth will continue to warm until at least mid-century.
‘‘Increasing sea-level rise, for example, is inevitable,” said Greg
Flato, senior research scientist at Environment and Climate Change
Canada in Victoria, BC, Canada, who also serves as vice-chair of
IPCC’s Working Group I and has been an author on the past three
assessment reports. ‘‘We will see sea levels continue to increase
for centuries after global temperatures stabilize.”

The report also documents how, so far, words have outweighed
action. While 149 nations have set net-zero targets, only about 75%
have formalized them in law or policy documents, though that
number jumped up from 7% in 2020. And in almost all cases,
actionable plans to implement those pledges have not material-
ized, according to a separate report compiled by climate research-
ers who track net-zero commitments [13]. More than 1000
companies worldwide have made net-zero pledges, but the overall
impact may be little more than ‘‘greenwashing,” claims made to
appease environmental concerns while not significantly changing
business practices [14]. Additionally, of the 114 fossil-fuel firms
the researchers assessed, 67% have net-zero pledges. But none
has a plan to phase out oil and gas completely [13]. Furthermore,
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according to a 2022 United Nations report and a 2021 report by
the respected group Climate Action Tracker, current pledges from
the world’s governments are not even enough to prevent a tempera-
ture rise between 2.4 and 2.5 �C [15,16].

The AR6 report does indicate that some progress is being made
[3]: ‘‘The UNFCCC, Kyoto Protocol, and the Paris Agreement are sup-
porting rising levels of national ambition. Many regulatory and eco-
nomic instruments have already been deployed successfully. In
many countries, policies have enhanced energy efficiency, reduced
rates of deforestation and accelerated technology deployment, lead-
ing to avoided and in some cases reduced or removed emissions.”

Still, global year-over-year growth in emissions was just over
1% in 2022, continuing a trend that saw a doubling in the last
40 years [17]. There have been local bright spots, though, with
many countries already seeing their emissions plateau or even
decrease. Emissions in the United States peaked in 2005 and have
declined since then by just over 10%. Emissions have also pla-
teaued in Japan, Russia, and the European Union. The world’s
two most populous countries, India and China, continue to release
increasing amounts of carbon annually [18], but China has pledged
its emissions will peak by 2030 [19] and at least one estimate sug-
gests they could peak as early as 2025 [20]. On a broader level, the
International Energy Agency (IEA) has said while worldwide
energy-related carbon emissions plateaued in 2019 [21], it foresees
2025 as the year total global emissions will peak, due in part to a
push for renewables stemming from the energy crisis precipitated
by the Russian–Ukraine conflict [22].

Under recent legislated plans such as the United States’ Inflation
Reduction Act and the European Union’s emission reduction pack-
age, and proposals by Japan, the Republic of Korea, China, India,
and others, global investment in solar, wind, and nuclear power
will approach 2 trillion USD per year by 2030, a more than 50%
increase from 2023 [23]. However, the IEA says annual investment
in clean energy would need to rise to 4 trillion USD by 2030 to
reach the AR6 goal of net-zero carbon emissions by 2050 [23].

The picture is less encouraging in developing countries, where
investment in climate-change mitigation actions has stalled. In
2018, public and private climate funding contributed from devel-
oped to developing countries fell about 20 billion USD short of
the goal of 100 billion USD per year by 2020 outlined in the Paris
Agreement [3].

In one piece of good news, while overall investment in renew-
ables is increasing, prices are dropping, according to the AR6 report
[3]: ‘‘Several mitigation options, notably solar energy, wind energy,
electrification of urban systems, urban green infrastructure, energy
efficiency, demand-side management, improved forest and
crop/grassland management, and reduced food waste and loss,
are technically viable, are becoming increasingly cost-effective
and are generally supported by the public. From 2010 to 2019
there have been sustained decreases in the unit costs of solar
energy (85%), wind energy (55%), and lithium-ion batteries (85%).”

The report also highlights large increases in the deployment of
renewables over that period: more than ten-fold for solar and more
than 100-fold for electric vehicles [3]. Though companies are eager
to provide renewable energy, transmission capacity has prevented
a large amount of renewable energy from potential new projects
from reaching consumers. Just in the United States, where the
capacity of all existing power plants is 1250 GW, 2000 GW worth
of potential renewable energy capacity is awaiting regulatory
approval to be connected to the grid [24]. The often years-long
delay in project approval has seen many proposals for grid connec-
tion ultimately withdrawn over the past few years [25].

Globally, renewable electricity capacity is expected to reach as
high as 6200 GW by 2027, with annual additions of about 460 GW
[26]. However, to achieve sustainability goals aligned with the AR6
report, a massive 50% increase in global spending is needed over
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the next decade to install nearly 7 million kilometers of transmission
lines to tie that renewable capacity into existing grids [27].

Other, society-wide changes will also be needed, said Collins.
‘‘We are facing a very eventful future of having to uproot and
replace a gigantic amount of our infrastructure to make it much
more sustainable. Imagine a world where every roof is painted
white, solar cells are deployed everywhere and anywhere, and
recharging lines are embedded in roads—the sky is the limit. The
engineering profession will not lack for opportunities.”

The IPCC is now electing a new chair and co-chair for its seventh
assessment, scheduled to be issued sometime later this decade.
Collins and Cheung said a special report on cities will be one of
the upcoming products. ‘‘Cities occupy approximately 2% of the
surface area of the habitable surface area of the planet. But by
the end of this century, somewhere north of 70% of the world’s
population will be living in them,” Collins said. ‘‘Understanding
the particular challenges that climate change poses to human soci-
eties organized increasingly into urban configurations is critical.”
References

[1] Dance S. Why a sudden surge of broken heat records is scaring scientists
[Internet]. Washington, DC: Washington Post; 2023 Jul 6 [cited 2023 Jul 23].
Available from: https://www.washingtonpost.com/weather/2023/07/06/
earth-record-heat-climate-extremes/.

[2] Dance S. The heat index reached 152 degrees in the Middle East—nearly at the
limit for human survival [Internet]. Washington, DC: Washington Post; 2023
Jul 18 [cited 2023 Jul 23]. Available from: https://www.washingtonpost.com/
weather/2023/07/18/extreme-heat-record-limits-human-survival/.

[3] Lee H, Calvin K, Dasgupta D, Krinner G, Mukherji A, Thorne P, et al. Climate
change 2023 synthesis report [Internet]. Geneva: Intergovernmental Panel on
Climate Change; 2023 Mar 20 [cited 2023 Jul 23]. Available from: https://
www.ipcc.ch/report/sixth-assessment-report-cycle/?mc_cid=91e16abe57&
mc_eid=39b1fb65e4.

[4] Abram N, Adler C, Bindoff NL, Cheng L, Cheong SM, Cheung WWL, et al. Special
report on the ocean and cryosphere in a changing climate [Internet]. Geneva:
Intergovernmental Panel on Climate Change; 2023 Mar 20 [cited 2023 Aug 8].
Available from: https://www.ipcc.ch/srocc/.

[5] The Intergovernmental Panel on Climate Change (IPCC). Climate change: the
IPCC 1990 and 1992 assessments [Internet]. Geneva: Intergovernmental Panel
on Climate Change; [cited 2023 Aug 8]. Available from: https://www.ipcc.ch/
report/climate-change-the-ipcc-1990-and-1992-assessments/.

[6] Bolin B, Houghton JT, Filho GM, Watson RT, Zinyowera MC, Bruce J, et al. SAR
climate change 1995: synthesis report [Internet]. Geneva: Intergovernmental
Panel on Climate Change; 2015 Dec 1 [cited 2023 Aug 8]. Available from:
https://www.ipcc.ch/report/ar2/syr/.

[7] The Intergovernmental Panel on Climate Change (IPCC). AR5 synthesis report:
climate change 2014 [Internet]. Geneva: Intergovernmental Panel on Climate
Change; [cited 2023 Aug 8]. Available from: https://www.ipcc.ch/report/ar5/syr/.

[8] Palmer C. Mitigating climate change will depend on negative emissions
technologies. Engineering 2019;5(6):982–4.

[9] O’Neill S. Direct air carbon capture takes baby steps—giant strides are needed.
Engineering 2022;8:3–5.

[10] Williams SCP. Funding bonanza lifts CO2 removal technology to demonstration
phase. Engineering 2023;22:7–9.
9

[11] World Meteorological Organization (WMO). WMO global annual to decadal
climate update (target years: 2023–2027) [Internet]. Geneva: World
Meteorological Organization; 2023 May 17 [cited 2023 Jul 23]. Available from:
https://reliefweb.int/report/world/wmo-global-annual-decadal-climate-update-
target-years-2023-2027.

[12] Graham F. What 1.5 �C of global warming really means [Internet]. London:
Nature; 2023 May 22 [cited 2023 Jul 23]. Available from: https://
www.nature.com/articles/d41586-023-01720-8.

[13] Sanderson K. Net-zero pledges are growing—how serious are they? [Internet].
London: Nature; 2023 Jun 20 [cited 2023 Jul 23]. Available from: https://
www.nature.com/articles/d41586-023-01976-0.

[14] Chrobak U. Corporate climate pledges pile up—will it matter? Engineering
2021;7(8):1044–6.

[15] Harvey F. Current emissions pledges will lead to catastrophic climate
breakdown, says UN [Internet]. London: The Guardian; 2022 Oct 27 [cited
2023 Jul 23]. Available from: https://www.theguardian.com/environment/
2022/oct/26/current-emissions-pledges-will-lead-to-catastrophic-climate-
breakdown-says-un.

[16] O’Neill S. COP26: some progress, but nations still fiddling while world warms.
Engineering 2022;11:6–8.

[17] Crownhart C. A few pieces of good news on climate change (and a reality
check) [Internet]. Cambridge: MIT Technology Review; 2023 Jan 23 [cited
2023 Jul 23]. Available from: https://www.technologyreview.com/2023/01/
23/1067190/good-news-on-climate-change/.

[18] Joselow M, Birnbaum M, Kuo L. How China, the world’s top polluter, avoids
paying for climate damage [Internet]. Washington, DC: Washington Post; 2022
Nov 23 [cited 2023 Jul 23]. Available from: https://www.washingtonpost.
com/climate-environment/2022/11/23/china-climate-finance-cop27/.

[19] International Energy Agency (IEA). An energy sector roadmap to carbon
neutrality in China [Internet]. Paris: International Energy Agency; 2021 Sep 1
[cited 2023 Jul 23]. Available from: https://www.iea.org/reports/an-energy-
sector-roadmap-to-carbon-neutrality-in-china.

[20] Lui S. Why China is set to significantly overachieve its 2030 climate goals
[Internet]. London: Carbon Brief; 2022 May 19 [cited 2023 Jul 23]. Available
from: https://www.carbonbrief.org/guest-post-why-china-is-set-to-
significantly-overachieve-its-2030-climate-goals/.

[21] O’Neill S. Global CO2 emissions level off in 2019, with a drop predicted in 2020.
Engineering 2020;6(9):958–9.

[22] Jolly J. Carbon emissions from energy to peak in 2025 in ‘‘historic turning
point”, says IEA [Internet]. London: The Guardian; 2022 Oct 27 [cited 2023 Jul
23]. Available from: https://www.theguardian.com/environment/2022/oct/
27/carbon-emissions-to-peak-in-2025-in-historic-turning-point-says-iea.

[23] International Energy Agency (IEA). World energy investment 2023 [Internet].
Paris: International Energy Agency; 2023 May 25 [cited 2023 Aug 8]. Available
from: https://iea.blob.core.windows.net/assets/8834d3af-af60-4df0-9643-
72e2684f7221/WorldEnergyInvestment2023.pdf.

[24] Wesoff E, Olano MV. US clean energy backlog balloons to unprecedented 2
terawatts [Internet]. New York City: Canary Media; 2023 Apr 14 [cited 2023
Jul 23]. Available from: https://www.canarymedia.com/articles/clean-energy/
chart-us-clean-energy-backlog-balloons-to-unprecedented-2-terawatts.

[25] Rand J, Strauss R, Gorman W, Seel J, Kemp JM. Jeong S, et al. Queued up:
characteristics of power plants seeking transmission interconnection as of the
end of 2022 [Internet]. Berkeley: Lawrence Berkeley National Laboratory;
2023 Apr 1 [cited 2023 Aug 8]. Available from: https://emp.lbl.gov/sites/
default/files/queued_up_2022_04-06-2023.pdf.

[26] International Energy Agency (IEA). Renewable electricity [Internet]. Paris:
International Energy Agency; 2023 Jan 1 [cited 2023 Jul 23]. Available from:
https://www.iea.org/reports/renewables-2022/renewable-electricity.

[27] International Energy Agency (IEA). World energy investment 2020
[Internet]. Paris: International Energy Agency; 2020 May 1 [cited 2023 Jul
23]. Available from: https://www.iea.org/reports/world-energy-investment-
2020.

https://www.washingtonpost.com/weather/2023/07/06/earth-record-heat-climate-extremes/
https://www.washingtonpost.com/weather/2023/07/06/earth-record-heat-climate-extremes/
https://www.washingtonpost.com/weather/2023/07/18/extreme-heat-record-limits-human-survival/
https://www.washingtonpost.com/weather/2023/07/18/extreme-heat-record-limits-human-survival/
https://www.ipcc.ch/report/sixth-assessment-report-cycle/?mc_cid=91e16abe57%26mc_eid=39b1fb65e4
https://www.ipcc.ch/report/sixth-assessment-report-cycle/?mc_cid=91e16abe57%26mc_eid=39b1fb65e4
https://www.ipcc.ch/report/sixth-assessment-report-cycle/?mc_cid=91e16abe57%26mc_eid=39b1fb65e4
https://www.ipcc.ch/srocc/
https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-assessments/
https://www.ipcc.ch/report/climate-change-the-ipcc-1990-and-1992-assessments/
https://www.ipcc.ch/report/ar2/syr/
https://www.ipcc.ch/report/ar5/syr/
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0040
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0040
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0045
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0045
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0050
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0050
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0050
https://reliefweb.int/report/world/wmo-global-annual-decadal-climate-update-target-years-2023-2027
https://reliefweb.int/report/world/wmo-global-annual-decadal-climate-update-target-years-2023-2027
https://www.nature.com/articles/d41586-023-01720-8
https://www.nature.com/articles/d41586-023-01720-8
https://www.nature.com/articles/d41586-023-01976-0
https://www.nature.com/articles/d41586-023-01976-0
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0070
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0070
https://www.theguardian.com/environment/2022/oct/26/current-emissions-pledges-will-lead-to-catastrophic-climate-breakdown-says-un
https://www.theguardian.com/environment/2022/oct/26/current-emissions-pledges-will-lead-to-catastrophic-climate-breakdown-says-un
https://www.theguardian.com/environment/2022/oct/26/current-emissions-pledges-will-lead-to-catastrophic-climate-breakdown-says-un
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0080
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0080
https://www.technologyreview.com/2023/01/23/1067190/good-news-on-climate-change/
https://www.technologyreview.com/2023/01/23/1067190/good-news-on-climate-change/
https://www.washingtonpost.com/climate-environment/2022/11/23/china-climate-finance-cop27/
https://www.washingtonpost.com/climate-environment/2022/11/23/china-climate-finance-cop27/
https://www.iea.org/reports/an-energy-sector-roadmap-to-carbon-neutrality-in-china
https://www.iea.org/reports/an-energy-sector-roadmap-to-carbon-neutrality-in-china
https://www.carbonbrief.org/guest-post-why-china-is-set-to-significantly-overachieve-its-2030-climate-goals/
https://www.carbonbrief.org/guest-post-why-china-is-set-to-significantly-overachieve-its-2030-climate-goals/
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0105
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0105
http://refhub.elsevier.com/S2095-8099(23)00389-2/h0105
https://www.theguardian.com/environment/2022/oct/27/carbon-emissions-to-peak-in-2025-in-historic-turning-point-says-iea
https://www.theguardian.com/environment/2022/oct/27/carbon-emissions-to-peak-in-2025-in-historic-turning-point-says-iea
https://iea.blob.core.windows.net/assets/8834d3af-af60-4df0-9643-72e2684f7221/WorldEnergyInvestment2023.pdf
https://iea.blob.core.windows.net/assets/8834d3af-af60-4df0-9643-72e2684f7221/WorldEnergyInvestment2023.pdf
https://www.canarymedia.com/articles/clean-energy/chart-us-clean-energy-backlog-balloons-to-unprecedented-2-terawatts
https://www.canarymedia.com/articles/clean-energy/chart-us-clean-energy-backlog-balloons-to-unprecedented-2-terawatts
https://emp.lbl.gov/sites/default/files/queued_up_2022_04-06-2023.pdf
https://emp.lbl.gov/sites/default/files/queued_up_2022_04-06-2023.pdf
https://www.iea.org/reports/renewables-2022/renewable-electricity
https://www.iea.org/reports/world-energy-investment-2020
https://www.iea.org/reports/world-energy-investment-2020

	Latest Climate Report Sounds Alarm on Closing Window for Mitigation
	References


