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The 1991 eruption of Mount Pinatubo, a volcano in the 
Philippines, belched so much SO2 into the stratosphere that it 
cooled the entire Earth. Approximately 1.36 × 107 t of the gas 
reacted with water to form a planet-wide blanket of aerosol parti-
cles that absorbed and scattered sunlight, lowering the average
global temperature by 0.6 °C for nearly two years [1–3]. Now, 
according to a new report on the state of the global climate system
from an international team of researchers [4,5], drastic emissions 
reductions or additional major volcanic eruptions are effectively 
the only way to prevent the Earth from passing 1.5 °C of warming,
a key goal of the Paris Agreement [6–8], within about five years— 
and the latter would only delay it by a few years.

The report, published in June 2025 in the journal Earth System 
Science Data, is the latest in a series of papers aiming to provide 
annual updates on key indicators of climate change. The effort mir-
rors that of the Assessment Reports produced by the Intergovern-
mental Panel on Climate Change (IPCC) [9], but at a higher 
frequency. ‘‘The IPCC reports are published every five to eight 
years, and we are in times where that is too slow,” said Joeri Rogelj, 
one of the new report’s 61 coauthors and professor of climate
science and policy at Imperial College London (London, United
Kingdom). ‘‘With global warming nearing key limits in the Paris
Agreement, we consider it essential to give this annual update of
where we stand.”

The report comes on the heels of the first year, 2024, in which 
the average global temperature reached 1.5 °C above preindustrial
levels [4,10,11]. While hitting that threshold in a single year does 
not mean it has been crossed for good, the world is currently on 
track for that to happen in roughly five years. To maintain even a
50% chance of avoiding that outcome, the report contends, human-
ity could only afford roughly three more years at the current rate of
global carbon emissions [4]. After that, emissions reductions alone 
would no longer suffice to limit global warming to levels that 
would avoid the worst impacts on people and the planet—the only
way to do that would be through removing CO2 from the atmo-
sphere [11]. ‘‘What this is effectively telling us is that there is, in 
practice, a 100% chance we are blowing past 1.5,” said Daniel 
Swain, a climate scientist and researcher at the University of 
California Agriculture and Natural Resources in Davis, CA, USA, 
who is also affiliated with the University of California, Los Angeles,
Institute of the Environment and Sustainability and the National
Science Foundation’s National Center for Atmospheric Research
in Boulder, CO, USA. At this point, Swain said, avoiding that
increase ‘‘is simply not possible, short of some planetary catastro-
phe that could be even worse than what we are currently seeing
associated with climate change.”

To keep pace with the growing demand for energy, global burn-
ing of fossil fuels has continued to climb; this consumptio n, along
with ongoing deforestation, has pushed annual greenhouse gas
(GHG) emissions to new all-time highs (Fig. 1) [4,5,11,12]. At the 
same time, improvements in air quality control have reduced the 
concentration of aerosol pollutants in the atmosphere, but also
the cooling effect they brought [4], akin to that of the Mount
Pinatubo eruption.

The result? With 2024 leading the charge, the last ten years 
rank as the hottest ten on record—1.24 ° C above preindustrial
levels when averaged together, with over 98% of that warming
attributable to human actions [4,10]. In that decade, those actions 
heated the Earth by 0.27 °C [4], with the rate of warming from 
2012 to 2024 roughly twice that of the 1970s and 1980s [12]. 
The remaining amount of CO2 that could still be emitted before 
locking in 1.5 °C of warming, known as the ‘carbon budget,’ is
now estimated to be 80% smaller than in 2020 [11]. ‘‘Where reality 
has been different from our central expectation is in how much 
warming we have seen over the past few years,” Rogelj said. At 
the same time, he added, even though recent warming has
exceeded central estimates, it has remained within the range of
expected possibilities. ‘‘The trends are worryingly unsurprising.”

While remaining below 1.5 °C of warming was the ideal, the 
Paris Agreement’s most crucial goal was to limit global warming
to well below 2 °C [6,8]. At the current rate of emissions, the mod-
els suggest it would be too late to avoid passing that higher thresh-
old as well in about 20 years [11]. Guided by the existing set of 
global climate policies currently being implemented, the increase 
would reach around 2.9 °C by the end of the century (by a median
estimate) [13]. ‘‘We have been eyeballing this two-and-a-half to 
three-degree trajectory for a few years now, which is frustrating, 
because we really ought to be on a track towards a lot less warm-
ing than that,” Swain said. ‘‘2.7 is still a pretty catastrophic level of
warming—it means about a doubling of the warming we have seen
so far, and the impacts of that second increment will be much
greater than the first.”

Each additional degree of warming means more frequent and 
intense versions of the extreme weather events of the past several 
years (e.g., heat waves and flooding), as well as exacerbated envi-
ronmental degradation and loss of biodiversity. Released in 2023,
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Fig. 1. This graphic illustrates how the state of the global climate—represented by factors like GHG concentrations and emissions, sea-level rise, and land surface 
temperature—have changed since the release of the United Nations (UN)’s Sixth Assessment Report (AR6), the final part of which was released in early 2023. Notably, in a
conundrum for public health, reductions in air pollution have reduced the cooling effect afforded by aerosol pollutants. Credit: Forster et al. 2025 (CC BY 4.0) [4].

 

the Sixth Assessment Report from the IPCC estimated that 2 °C  of
warming, compared to 1.5 °C, would expose several hundred mil-
lion additional people to climate risks by 2050 and put twice as
many plant species and three times as many insects at risk of los-
ing at least half their habitat [7]. 

Climate experts also worry about the increasing odds of trigger-
ing irreversible, self-reinforcing feedback loops, such as tropical
rainforest die-off and permafrost thaw, both of which release yet
more GHG [14,15]. Then there is the increasingly possible shut-
down of the Atlantic meridional overturning circulation [16],  an
ocean current responsible for keeping European seasonal
2

temperatures and tropical rainfall patterns stable. ‘‘There are some
dragons lurking out there,” Swain said.

Although the best-case scenario of remaining below 1.5 °C now 
appears all but impossible, if there is any good news in the new 
report, it is that previous worst-case outcomes of four or five 
degrees of warming have also become unlikely. While global emis-
sions are still rising, their rate of increase has slowed since the
2000s—enough so that, the report concludes, emissions may well
hit their peak and begin to decline by 2030 [4]. 

One reason for this is that coal and oil’s slice of the global
energy mix continues to give ground to renewable and other less
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polluting energy sources. The International Energy Agency (IEA) 
expects solar and wind power to become the two largest global
sources of energy by 2035 [17]. It also predicts that global demand 
for combustible fossil fuels may peak in 2027, even with the con-
sumption of jet fuel continuing to increase [18]. Electric vehicle 
(EV) sales hit a record 17 million in 2024 and are on track to 
account for a quarter of all automobile sales in 2025; the acceler-
ating switch to EV use is projected to displace 5.4 million barrels
of oil per day of global oil demand by 2030 [19]. Meanwhile, oil 
consumption by the 38 member nations of the Organization for 
Economic Co-operation and Development—generally among the
world’s wealthiest—is projected to drop by 1.7 million barrels per
day by 2030 [19]. 

The current shift from fossil fuels is particularly pronounced in 
China, a major oil consumer that has played a significant role in 
driving global demand over the past decade. But the IEA forecasts
a change, with Chinese oil consumption peaking in 2027, largely
due to surging EV sales and deployment of high-speed rail and nat-
ural-gas-powered trucks [18]. Concurrently, the country’s carbon 
output may peak sooner than previously expected. An analysis 
from Carbon Brief published in May 2025 found that China’s CO2

emissions dropped 1% over the previous 12 months [20]. 
China’s emissions have fallen before, typically during periods of 

economic stress, but have consistently rebounded. This time, for 
the first time, its emissions dipped due mainly to the booming
growth of clean energy generation from wind, solar, and nuclear
power sources, which has now outpaced the growth of the coun-
try’s demand for electricity [20]. In 2024, China installed 278 GW 
of solar panels and 80 GW of wind turbines, both national records
[20] and more than the entire rest of the world combined that year
[21]. The country presently has the 11 largest solar facilities on 
Earth and almost as many nuclear reactors under construction as
the rest of the world combined [17]. ‘‘Since China is really increas-
ing its renewables, if there is no surge in industrial production, 
then China will peak before 2030, as promised,” said Philippe Ciais, 
an associate director at France’s Laboratory of Climate and Envi-
ronmental Sciences in Saint-Aubin. ‘‘And, if China does this, global
emissions should also peak or plateau.”

Despite its impressive buildout of renewables, China continues 
to add new coal-fired power plants and remains off-track to meet 
its initial Paris Agreement pledge to reduce its carbon intensity—
the emissions per unit of economic output—by 60% to 65% below
2005 levels by 2030 [20,22]. If its recent emissions drop continues, 
however, it would mean China has met its goal of peak emissions
before 2030 [7]. But that drop could still easily reverse, the Carbon 
Brief analysis notes, depending on the climate policies in China’s 
next 5-year plan, how the nation responds to international trade
conditions, the growth of emissions outside of the power sector,
and whether renewables continue to outpace rising power demand
[20]. 

The global future remains equally uncertain. Based on data from 
Carbon Monitor, an online tool he helps manage that tracks 
national and global CO2 emissions, Ciais said that emissions in
the US and European Union (EU), both on the decline for years
[23], have risen slightly this year [24]. Meanwhile, emissions in 
India, which rose 8% last year, have been either stable or decreasing
in 2025 [24]. ‘‘It is complicated,” he said. ‘‘Even on a year-to-year 
basis, it is not completely straightforward to know how emissions
will change.”

Looking beyond the year-to-year scale, pledges made by nations 
at 28th Conference of the Parties to the United Nations (UN) 
Framework Convention on Climate Change (COP28), 2023’s itera-
tion of the annual UN climate conference, include rapid, stringent
emissions reductions that could cut warming rates in half over
the next 20 years [4] and triple global renewable energy generation
by 2030 [8]. However, Rogelj said, even if all countries fully imple-
3

mented every climate goal they have promised, the average rise 
would still end up at roughly 1.9 °C of warming—and with that
not happening, the rise is tracking to roughly 2.8 °C by 2100 [13]. 
The IEA expects oil, gas, and coal to account for less than 60% of
energy needs by 2050, down from 80% at present [17]. That means 
up to 59% of energy production would still be emitting planet-
warming gases into the atmosphere. ‘‘If we want to stabilize the 
climate, it is not about stabilizing or decreasing emissions, it is 
about bringing emissions to zero, and this is very far from happen-
ing,” Ciais said. And the demand for energy continues to balloon,
much of the increase tied to the accelerating rush to integrate arti-
ficial intelligence into all things digital [25]. ‘‘Renewable energy is 
taking off—that seems to be unstoppable, because ultimately it is 
just cheaper than other forms of energy,” said Swain. ‘‘The problem
is, so far, it is not replacing dirty energy—it is just whetting our
rapidly increasing appetite for overall energy use.”

The IEA projects that oil demand will keep growing until 2030, 
and that oil production will rise to meet it [18,19]. That production 
growth will likely come mostly from Saudi Arabia and the US [18], 
the latter encouraged by the current administration’s fossil fuel 
promoting policies. In addition to—again—dropping out of the Paris 
Agreement, US president Donald Trump has repeatedly urged other
nations to embrace American fossil fuel imports, while his admin-
istration works to push through permits for oil pipelines and liquid
natural gas depots [26], and to pave the way for more drilling on
public lands and in federal waters [17]. 

The Trump administration is also moving to deregulate domes-
tic emissions and eliminate the tools that enable regulation in the 
first place, while also ramping up regulation on and eliminating 
previously allocated funding for renewable energy projects. Most
notably, the US Environmental Protection Agency (EPA) has stated
its intention to void a milestone federal ruling stating that warm-
ing by GHG poses a threat to public health [27]. The rule, known as 
the ‘‘endangerment finding,” has provided the basis for federal reg-
ulation of emission sources since 2009 and could be officially 
revoked in 2026. Other recent anti-climate actions under the
Trump administration include a pending budget for 2026 that cuts
funding for several observatories [28] and satellites [29] that track 
GHG in the atmosphere and monitor climate, more stringent
review processes for renewable energy projects [30], proposals to 
erase limits on GHG emissions from power plants [31], and, in defi-
ance of a UN requirement for developed nations to provide annual 
emissions data, to stop requiring industrial polluters to report their
emissions [32]. ‘‘Under the current administration, the US has 
utterly abdicated its climate change responsibilities,” Swain said. 
‘‘My most optimistic take on this is that as the US relinquishes 
any claim to leadership in this space, other countries will see an
opportunity to be global leaders—there is now a geopolitical
advantage to leading in the climate space.”

Some signs indicate the international community may adopt 
this outlook. World leaders from 60 nations convening to discuss 
energy security in London in April 2025 mostly ignored words from
the US lauding American fossil fuel products; some said they con-
sidered the US ‘‘out of step” with the global shift towards clean
energy [33]. At the Africa Climate Summit in September 2025, 
leaders of African nations announced their intention to raise 
100 billion USD from African finance institutions and private banks
to spur development powered by renewable energy, in a bid to
industrialize Africa without the emissions that have historically
accompanied industrialization [34]. In July 2025, China and the 
EU issued a joint statement reaffirming the importance of the Paris 
Agreement and pledging to submit new GHG emission reduction
targets in advance of 30th Conference of the Parties to the United
Nations Framework Convention on Climate Change (COP30) in
Brazil [21]. Following through on this promise, on 24 September 
2025, China announced to a UN climate summit the country’s first
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absolute targets for reducing its total GHG emissions: the pledge 
includes cutting GHG emissions by 7% to 10% below peak levels 
by 2035, achieving carbon neutrality before 2060, and, by dramat-
ically increasing wind and solar power capacity, growing the share
of non-fossil fuels in its energy consumption to more than 30% by
2035 [35,36]. 

Research suggests that ambitious climate action may prove 
overwhelmingly popular among the global public: one estimate 
suggests that 89% of the global population wants stronger climate
action from their national governments, a level of support typically
underestimated by both leaders and civilians [37,38]. Indeed, 
breaching the 1.5 °C threshold only provides reason for even greater 
concern and action, climate experts say. ‘‘Surpassing 1.5 is a failure 
of sorts, but it is not a reason to say, ‘Oh well, all hope is lost, time to 
give up.’ Each additional tenth of a degree matters more than the 
last,” Swain said. ‘‘At higher levels of warming, it gets progressively
more important to keep it from warming further—the past is the
past, the question is what happens moving forward.”
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