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People in Tokyo carried parasols for shade as temperatures exceeded 35 °C in the Japanese capital in July 2023.

Approaching1.5°C: how will we know
we’ve reached this crucial warming mark?

Richard A. Betts, Stephen E. Belcher, Leon Hermanson, Albert Klein Tank, Jason A. Lowe,
Chris D. Jones, Colin P. Morice, Nick A. Rayner, Adam A. Scaife & Peter A. Stott

Assessing global mean
temperaturerise using the
average warming over the
previous one or two decades
will delay formal recognition
of when Earth breaches the
Paris agreement’s 1.5 °C
guardrail. Here is what'’s
needed to avoid the wait.

he world is already more than 1 °C

warmer on average than it was before

industrial times, owing to greenhouse

gases released from human activities.

And that value is rising. The Intergov-
ernmental Panel on Climate Change (IPCC)
projects that there is at least a 50% chance
that long-term global warming will overshoot
1.5°Cin the next decade, even with ambitious
emissions cuts.

That matters because this target is written
intothe 2015 Paris climate agreement. Breach-
ingitwill trigger questionsonwhatneeds tobe
done to meet the agreement’s goal — to curb
human-induced climate change. For example,
its aim of “pursuing efforts to limit the tem-
perature increase to 1.5 °C” would then mean
taking action to reverse global warming, not
just stopping it —a much greater demand. A
breachwill also inevitably prompt assessments

of'the observed impacts of exceeding 1.5 °C.

It might come as a surprise, then, to hear
that the Paris statement contains no formally
agreed way of defining the present level of
globalwarming. The pact does notevendefine
‘temperatureincrease’ explicitly and unambig-
uously. Without anagreed metric, there canbe
no consensusonwhenthel.5°Clevel hasbeen
reached. This is likely to result in distraction
anddelayjust at the point when climate action
ismost urgent.

Akeyissueisthat global temperatures do not
increase smoothly. The brief ups and downs
thatoccur over weeks toyears owing to natural
climate variability (caused, for instance, by El
Nifo events and the effects of gases given off
by volcanic activity) are superimposed on the
long-term warming trend from human influ-
ences. For example, the global mean tempera-
turerise exceeded 1.5 °C briefly for amonth or
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morein 2016, 2017,2019,2020 and 2023.

As far as the Paris agreement is concerned,
it'srecognized that such briefwarmspells don’t
countas breaching 1.5 °C. And even an anom-
alously warm year would not do so. The World
Meteorological Organization (WMO) predicts
thereisa 66%chance that the global mean tem-
perature excess will go above 1.5 °C for at least
oneyearinthe nextSyears'. However, even this
islikely to be atemporary anomaly.

What would count as passing 1.5 °C? A
method is needed for filtering out such natural
climate cycles. Tosmooth temperature wiggles
inmodel projections of future climate, the lat-
est [IPCC assessment report, AR6, defined the
1.5°C mark and other global warming levels
(GWLs) interms of projected 20-year averages
relativetothe average for1850-1900. The year
of exceedance of a GWL is the midpoint of the
20-year period at that level. By this definition,
1.5°C of warming would be confirmed once the
observed temperature rise has reached that
level, on average, over a 20-year period — in
other words, adecade after crossing the 1.5°C
level. Thatrisks adelay inrecognizing andreact-
ing to the crossing point (see ‘Current global
warming levels’).

Researchers and the policy community need
to agree urgently on a metric for determining
the current level of global warming for policy
purposes. Once defined, the metric should be
formally adopted for use in the context of the
Paris agreement. It should be consistent with
established IPCC practices, and should allow
the crossing of 1.5°C to be recognized without
delay. Here, we propose astarting point for such
ametric.

Multiple metrics

Inobservational records of climate, the average
global temperature over the past two decades
(2003-22) hasbeen1.03°Cabove that for 1850~
1900 (although uncertaintiesin the datamean
thatthetrue value could beaslowas 0.87 °Cor
ashighas1.13°C; see Supplementary informa-
tion)?. And measurements from 2002 to 2021
indicate that warming first passed 1°Cin2011.
But we don’t know what the 20-year average is
now, centred around 2023.

Assuming the world stays on its current
warming trajectory, IPCC projections suggest
that 1.5 °C will be breached around 2030, give
or take a decade’. But, on the basis of 20-year
averages, the passing of 1.5 °C would not be for-
mally recognized until around 2040.

Shortening the period over which the aver-
age s calculated doesn’t help much. Ten-year
averages* are reasonably representative of
longer-term averages® and reduce the delay
to five years. But that is still a long time when
actionis needed urgently. Shortening the aver-
ageperiod furtherisn’tuseful, because natural
variability then dominates.

A more instantaneous indicator of the cur-
rent level of long-term warming is needed.
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CURRENT GLOBAL WARMING LEVELS

Natural climate variability will make it hard to know precisely when global

warming has breached 1.5 °C. Combining the previous decade’s observations
with projections of temperature for the next decade offers a way to do it that
is consistent with practices for measuring global warming established by the

Policymakers need
to know when the
world reaches
1.5 degrees of

Intergovernmental Panel on Climate Change (IPCC). warming.
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*UKCP RCP4.5; see Supplementary information (go.nature.com/3sxwz2kt).

Several such methods are already in use.
These include: finding the end point of alin-
eartrend over the past 30 years (see go.nature.
com/3ssvpwx); using more sophisticated meth-
ods for statistical smoothing over short time
frames(see go.nature.com/3mgqsr7g); and cal-
culating the human contribution to warming
from data on changes inthe concentrations of
greenhouse gases and aerosols®.

Each method can offer a slightly different
estimate of current warming, depending on

“Theindicator for
monitoring the
approachto1.5°C
must be future-proof.”

which data, algorithms and assumptions are
used. Nonetheless, there is broad agreement
on some things, such as that warming in 2022
was about 1.24 °C (with an uncertainty range
between 1.0 °C and 1.6 °C), and that 1.0 °C
warming was exceeded around 2011 or 2012.
There have been times when the differences
betweenmethods were greater, either because
therate of warming changed rapidly soalinear
trend did not represent the long-term change,
or because large natural variability led to a dif-
ferencebetween the observed warmingandthe
human contribution. Forexample, thereisless
agreementontheyearinwhich0.5°C of warm-
ing was exceeded, put at some time between
1982 and 1988. This demonstrates the potential
for confusion on recognizing the crossing of
1.5°Cifasingleindicatoris not agreed.

However, there are two key problems with
using any of these indicators in the context of
the Paris agreement. Both stem from the need
for consistency with existing IPCC practice.

Informing policy

First, to inform policy, the indicator for mon-
itoring the approach to 1.5 °C must be future-
proof — later changes in the definition could
undermine the credibility of using GWLSs for
scientific advice. Any definition must be con-
sistent withhow1.5°Cisalready defined by the
IPCC; that is, using 20-year averages attached
toamidpoint.

Second, the metric should be consistent
with how the 1.5 °C level will be defined after
ithasretreated into the past —asabaseline for
future impact assessments. The IPCC already
uses long-term averages over recent decades
forsuchbaselines; it does not use the end point
of 30-year trends or statistical smoothing. And,
importantly, baseline periods forimpact stud-
ies are defined in terms of observed tempera-
ture change, not calculations of human-induced
warming, because the impacts depend on the
actual temperature experienced.

The instantaneous metrics are inconsistent
withthese requirements. And the IPCC method
alone will not suffice — 20 years of observed
datawillnotbeavailablein the exceedanceyear,
because itis only halfway through the 20-year
period. Another approachis needed.

Anew approach

We propose a new indicator — the 20-year
average temperature rise centred around the
current year. This is estimated by blending
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observations for the past 10 years with climate
model projections or forecasts for the next
10 years, and taking an average over the com-
bined 20-year period. This ‘current global
warming level’ (CGWL) indicator meets our two
criteria—itallows consistency with established
IPCC definitions, and provides an instantane-
ousindicator of current warming.

Testing this approach using different mod-
els and emissions scenarios, we have found
that the CGWL centred on the end of 2022 is
around1.26 °C, withan uncertainty range from
theforecasts of1.13 °Cto1.43 °C, mainly owing
toclimate variability (see Supplementary infor-
mation). Only a small part of the uncertainty
comes from assumptions concerning emis-
sions over the coming decade’.

This estimate is in line with those from the
existing instantaneous values, but our metric
is more future-proof and consistent with the
approaches that are already used to support
the Paris agreement.

Next steps

First, the international community needs to
recognize the need for asingle, agreed metric
for crossing the 1.5 °C threshold and antici-
pate eventsleading up toit. This period will be
marked by aseries of milestones. Theseinclude:
the first year with aglobal temperature anom-
aly above 1.5 °C in one or more data sets; the
exceedance of 1.5°C using various instantane-
ous indicators (including our CGWL metric);
and, a decade later, confirmation that 1.5 °C
hadbeen exceededinthePCC20-year average.

An instantaneous indicator for policy pur-
poses will provide clarity that the first individ-
ual year at 1.5 °C will not count as breaching
the Paris guard rail, and will reduce delays that
would result from waiting until the end of the
20-year period.

Discussions on the nature of this indicator
should startimmediately.

We encourage the IPCC to tackle this issue
inaSpecial Report ahead of its seventh assess-
mentreport (AR7), whichis notexpectedtobe
published until about 2030 — by which time,
global warming might already have exceeded
1.5°Corbeclose to doing so.

TheIPCCshould examine indicatorssuchas
oursindepth. If asuitable metricis agreed, a
robustand transparent process for calculating
and communicating it should be developed. It
should make use of well-established sources
and practices as far as possible. For example,
observations could come from the WMO'’s
State of the Global Climatereport (go.nature.
com/3qqngme), and projections or forecasts
could use the IPCC’s assessed warming rates®
and the WMO’s decadal forecasts.

Researchers will need to decide which path-
way of future greenhouse-gas and aerosol
concentrations should be used for the central
estimate of the forecast. The choice will need
careful communication, because it could be
taken as a statement of an expected policy
future, even though it actually makes little
difference when compared with uncertainties
caused by natural climate variability’.

Uncertainties in the combination of obser-
vations and forecasts will need to be quantified
more precisely, and a system for communi-
cating them developed. For example, formal
identification of the passing of 1.5 °C could
be accompanied by an IPCC-style confidence
or likelihood statement — such as ‘it is likely
that the current global warming level has now
reached (or exceeded) 1.5 °C’. In subsequent
years, thismight become ‘itis very likely that the
CGWLexceeded1.5°Cinyear X. This evaluation
would become more certain as more observa-
tions came in over the following decade.

Other technical details remain to be dis-
cussed. These include whether the projection
of the next ten years should include a specific
forecast of natural variability (asinthe WMO’s

Corals were moved to land for safety when a July heatwave warmed waters near Florida.

decadal forecasts), or whether the possible
outcomes of variability should just be treated
statistically.

We recommend that work commence
urgently to develop a system to put this defi-
nitioninto use. Researchers must ensure that it
isready well before the controversy begins over
whether global warming has exceeded 1.5 °C.
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