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Abstract
A record-breaking heatwave event occurred in North China from 22 to 24 June 2023, with
temperatures>40 ◦C at many meteorological stations. This marked the first time that Beijing had
reached or exceeded 40 ◦C for three consecutive days. However, the extent to which such
exceptional heatwave events are related to anthropogenic climate change remains unclear. It is also
unclear how frequent and intense such strong heatwave events will be in the future. We carried out
a rapid attribution analysis to address these questions. Our findings show that the return period of
this three-day heatwave event in North China is about 111 years (24.3,+∞) at the 2023 climate
state. Both the empirical and coupled model approaches consistently showed that the intensity of
2023-like three-day heatwave events has significantly increased by at least 1.0 ◦C (range
0.8 ◦C–1.3 ◦C) due to anthropogenic climate change. Future projections indicate that 2023-like
events in North China are likely to occur at least 1.6 (range 1.3–2.1) times throughout the
remainder of this century and be 0.5 ◦C (range 0.2 ◦C–0.8 ◦C) more intense than those under the
2023 climate even if carbon neutrality is achieved based on the very low CO2 emissions scenario
simulations. For the intermediate emissions scenario, the occurrence probability of 2023-like
events in the North China region by the end of this century will be 5.5 (range 4.9–6.3) times those
under the 2023 climate, with an intensity 2.9 ◦C (range 2.4 ◦C–3.1 ◦C) higher than those under the
2023 climate. These findings highlight the need for adaptation measures to address the occurrence
of 2023-like three-day heatwaves in North China in June even if carbon neutrality is achieved.

1. Introduction

The North China region emerged as a hotspot
for heatwaves in June 2023. According to the
National Climate Center of the China Meteorological
Administration, 124 national meteorological sta-
tions in North China recorded temperatures >40 ◦C
between 21 and 30 June 2023 (https://mp.weixin.

qq.com/s/1sXlHt3xvLLixKGQel50_Q). The num-
ber of hot days, defined as a maximum temper-
ature ⩾35 ◦C, in Beijing (15 d), Tianjin (13 d)
and Shijiazhuang (18 d) in June was the highest
in a single month in local observational history
since 1961 (http://news.weather.com.cn/2023/06/
3632314.shtml). Remarkably, the temperature at
Beijing station (station ID 54511) was ⩾40 ◦C
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for three consecutive days during the dragon boat
festival (an official public holiday with a large
number of travelers) on 22–24 June 2023, which
is unprecedented in the observational records
for Beijing (http://news.weather.com.cn/2023/06/
3630913.shtml).

This heatwave event was characterized by its
strong intensity and extensive coverage, resulting
in detrimental effects on transportation, public
health, energy supply, agricultural development
and economic growth. A car caught fire on the
Badaling Expressway in Beijing on 22 June (https://
m.gmw.cn/2023-06/29/content_1303422555.htm).
The incidence of heatstroke increased compared with
previous years, especially at some popular tourist
sites (http://wjw.beijing.gov.cn/bmfw_20143/jkzs/
jzjj/202306/t20230628_3148755.html), because the
heatwave occurred during the three-day festival and
the approaching summer travel season. The heat-
wave also led to a substantial increase in electricity
demand, with the maximum load in Hebei Province’s
power grid reaching a peak from the beginning of
summer 2023 to 24 June, increasing by 4.83% com-
pared with the same period in 2022 (www.sohu.com/
a/690591135_121123888). The power grid load in
Beijing increased by 30% compared with the same
period in 2022, with cooling demand accounting
for 35% of the total load (https://news.bjd.com.cn/
2023/06/23/10473651.shtml). Central and northern
Hebei Province experienced a moderate to severe
meteorological drought, resulting in the accelerated
depletion of soil moisture and the delayed emer-
gence of summer crops such as corn (www.cma.
gov.cn/wmhd/2011wzbft/2011wzxzb/xwfbh_2307/
index.html).

It remains unclear how much of these excep-
tional heatwave events can be related to anthropo-
genic climate change. It is also unclear how fre-
quent and intense such strong heatwave events will
be in the future. These questions fall into the realm
of event attribution, which seeks to quantitatively
answer whether, and to what extent, anthropo-
genic climate change has altered the characteristics—
predominantly the probability and intensity—of par-
ticular events [1–4]. Event attribution analyses of
heatwave events in China have been carried out in
several previous studies (e.g. [5–10]). However, these
attribution analyses were carried out months or even
years after the event when both the media and the
public had lost interest.

We carried out a rapid attribution analysis of this
extreme heatwave event to answer these questions. A
rapid attribution study can respond timely to issues of
concern to the general public and inform them how
climate change is linked to the severe weather they
have recently experienced. This will increase their
awareness and may lead to participation in climate

action to reduce the effects of climate change on
human society. It can also provide risk information
on climate change and thus inform policy-making for
climate change adaptation [11]. Europe [12], theUSA
[13], New Zealand [14] and South Africa [15] have
been developing their own practical real-time attri-
bution services. This study will benefit the establish-
ment of real-time attribution services in China. We
used two probability-based attribution approaches—
an empirical approach based on observations and
a coupled model approach based on phase 6 of
the coupled model intercomparison project (CMIP6)
model simulations—tomake attribution assessments
as also used in the world weather attribution (WWA)
Protocol [16]. However, in contrast with the WWA
Protocol, we used a different strategy in the CMIP6
model attribution and future projections. In addition,
we included a very low emissions scenario in which
carbon neutrality is achieved (shared socioeconomic
pathway 1–1.9 (SSP1-1.9) [17]) in the future projec-
tions to show the situation in this optimistic scen-
ario and to discuss measures to adapt to heatwaves.
This scenario has only recently become available in
the CMIP6 models and has seldom been used in pre-
vious attribution studies.

2. Data andmethods

2.1. Data
We used the European center for medium-range
weather forecasts (ECMWF) ERA5 reanalysis dataset
[18] to represent the observations because station
observations inChina are not released quickly enough
for a rapid attribution study. The immediacy of the
ERA5 dataset makes it suitable for rapid attribu-
tion research. Because daily data products are not
provided directly in the ERA5 dataset, we selected
the gridded hourly 2 m temperature (surface-level
products) and geopotential height (GPH; pressure-
level products) data with a spatial resolution of 1.0◦

from the ERA5 hourly reanalysis dataset for the time
period 1959–2023. We derived the daily maximum
temperature (Tmax) using the daily maximum of the
hourly 2 m temperature data as instructed by the
ECMWF and derived the daily GPH at 500 hPa from
the average of the 24 h data. We also used the daily
average volumetric soil water of the top layer (swvl1),
which ranges from 0 to 7 cm beneath the surface, to
analyze the soil moisture content.

The model simulations were from the daily
products of CMIP6 multi-model ensembles [19].
Four experiments were used, including an historical
simulation with anthropogenic forcing and natural
factors combined (historical), the SSP2-4.5 scenario
simulations [17], the SSP1-1.9 scenario simulations
[17] and natural forcing only (hist-nat) simulations.
The SSP2-4.5 scenario is an intermediate greenhouse
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Table 1. CMIP6 models, simulation experiments, number of ensemble members for each experiment and model evaluation results based
on the Kolmogorov–Smirnoff test. An asterisk (∗) indicates that the model passed the test and was included in the attribution analyses.

Model Historical SSP2-4.5 SSP1-1.9 Hist-nat p

ACCESS-CM2 10 5 / 3 0.460∗

ACCESS-ESM1-5 40 40 / 3 0.324∗

CanESM5 50 50 50 10 0.717∗

FGOALS-g3 5 3 / 3 0.836∗

HadGEM3-GC31-LL 5 5 / 10 0.255∗

IPSL-CM6A-LR 33 11 6 6 0.506∗

MIROC6 50 50 50 50 0.170∗

MRI-ESM2-0 12 5 5 5 0.394∗

NorESM2-LM 3 3 / 3 0.722∗

gas emissions scenario, generally representing the
situation of the past evolution, whereas the SSP1-1.9
scenario is a carbon neutrality scenario with CO2

emissions decreasing to net zero around 2060 fol-
lowed by net-negative CO2 emissions [20]. The SSP1-
1.9 scenario is used to explore the situation in a
very low CO2 emissions scenario to inform adapta-
tion measures. Table 1 lists the detailed model names
and numbers of the ensembles. We used the SSP2-4.5
simulations to connect the historical simulations and
extend the data to 2023 (historical-SSP2-4.5).

2.2. Methods
2.2.1. Event definition
Beijing experienced three consecutive days with tem-
peratures ⩾40 ◦C from 22 to 24 June 2023, which
is very unusual in the observational history. We
therefore defined this event as the maximum three-
day average Tmax in June. We then calculated the
area-weighted average over the North China region
(113.5–120◦ E, 34.5–42.5◦ N) to obtain an index
(Tx3d). We estimated its linear trend and stat-
istical significance using the iteration-based non-
parametric method described inWang and Swail [21]
and took into account repeated values in the time
series [22].

2.2.2. Event attribution approaches
The general approach in the rapid attribution
of extreme events is a classical probability-based
approach [16]. We used two probability-based attri-
bution approaches [1, 3, 4] for making attribution
assessments: an empirical approach [2, 4, 23] based
on observations and a coupled model approach [1,
2, 4] based on the CMIP6 model simulations. This
multi-method, multi-model attribution was also
adopted in the WWA Protocol [16]; however, we
used a different strategy from theWWA in the CMIP6
model attribution and future projection as described
in detail in the following.

For the empirical approach, we used the general-
ized extreme value (GEV) shift-fit method adopted in
theWWA Protocol and described by van Oldenborgh

et al [23], Philip et al [16] and van Oldenborgh
et al [11]. We assumed that the trend of Tx3d shifts
with the four-year smoothed global mean surface
temperature (GMST) anomaly and that the location
parameter µ of the GEV distribution is linearly cor-
related with the smoothed GMST—that is, µt = µ0 +
aGMSTt. This assumption is commonly used for tem-
perature events and has been found to hold well in
studies using large ensembles of model simulations
with sufficient data for analysis without relying on
statistical fitting [16, 24, 25]. The non-stationaryGEV
distribution was fitted to Tx3d based on the ERA5
dataset with the 2023 value to obtain the paramet-
ers. We then used the smoothed GMST values of any
year to obtain the GEV distribution under that year’s
climate. We compared the occurrence probability of
Tx3d exceeding the intensity of the 2023 event under
the present climate (GMST2023) (P1) and under the
pre-industrial climate (GMST−1.2, −1.2 ◦C cooler
than the climate in 2023, www.globalwarmingindex.
org) (P0). The latter represents the absence of anthro-
pogenic climate change effects. We calculated the
probability ratio (PR = P1/P0; [26]) and the fraction
of attributable risk (FAR= 1− P0/P1; [1]) to quantify
the influence of anthropogenic climate change on the
frequency change of 2023-like events. The PR is the
factor by which the occurrence probability of similar
events has changed and the FAR indicates the propor-
tion of the risk of such events being attributable to
anthropogenic climate change. We also calculated the
intensity change of similar events (e.g. [27]) with the
same return period as the 2023 event under the two
climate conditions. The uncertainty ranges of the PR,
FAR and intensity change were calculated using boot-
strap resampling (1000 times).

For the coupled model approach, we used a
time slice of 21 years (2013–2033) centered on the
year of the event (2023) in the historical-SSP2-
4.5 simulations to represent the climate state of
2023 with anthropogenic forcings (historical2023).
We used all the available hist-nat simulation data
from 1850 to 2020 to represent the climate state of
2023 without anthropogenic forcings (hist-nat2023)
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because the hist-nat simulations during this era are
almost stationary. This method is similar to that
used by Christidis and Stott [28]. Because the model
simulations have different resolutions, we interpol-
ated them into the same (1◦ × 1◦) resolution as
the ERA5 dataset. To avoid the model biases in the
mean value of Tx3d, we removed the ensemble mean
of the historical simulation averaged over the cli-
matological period (1961–1990) from each exper-
iment for each model and then replaced it with
the observed climatological mean. After this correc-
tion, we checked the distributions from 1959 to 2014
between the observations and the bias-corrected his-
torical simulations using the Kolmogorov–Smirnoff
test. Only the models that passed the evaluation
were included in the subsequent attribution ana-
lysis. As in the empirical approach, we also calcu-
lated PR, FAR and the change in intensity to repres-
ent the effect of anthropogenic climate change under
the historical2023 climate relative to the hist-nat2023
climate.

To investigate possible future changes in the
North China region, we calculated PR and the change
in intensity using SSP2-4.5/SSP1-1.9 scenario simu-
lations of three typical future time slices and com-
pared these with the 2023 climate (historical2023)
to represent any additional change. One time slice
is the year 2035 (using 2025–2045 to represent the
2035 climate) to relate to the National Climate
Change Adaptation Strategy 2035 in China. This
strategy focused on overall guidance, communica-
tion, coordination, strengthening observations and
the assessment of climate change impacts to improve
the ability of major sectors and key vulnerable
regions to adapt to climate change. The second and
third time slices are the mid-century (using 2040–
2060 to represent the 2050 climate) and the end
of century (using 2080–2100 to represent the 2090
climate).

3. Results

3.1. Characteristics of the event
The absolute Tmax in the North China region was
exceptionally high from 22 to 24 June 2023, with
most areas in the study region exceeding 35 ◦C
(figure 1(a)). Tmax is generally higher in the North
China region than in other areas of China, except
for the desert area of Xinjiang Uygur Autonomous
Region in northwestern China (figure 1(a)). The tem-
perature anomaly in North China is also very high,
with a value of about 2.9 ◦C–9.4 ◦C (figure 1(b)).
Tx3d in North China from 22 to 24 June 2023 was
the highest three-day average Tmax in June since 1959
(figure 1(c)). The intensity of the 2023 event was
3.4 standard deviations. The linear trend in Tx3d
in North China region in June for the time period

1959–2023 shows an increasing tendency at a rate of
+0.13 ◦C/decade (95% confidence interval −0.12 to
0.40 ◦C/decade), although this is not statistically sig-
nificant. This implies that both the internal variability
and climate change had a role in the intensity of the
2023 heatwave event.

3.2. Background circulations
An important factor in causing an extreme event is
the anomalous atmospheric circulation. To provide
context for the subsequent event attribution study,
we conducted a brief analysis of the direct factors
responsible for the heatwave, focusing on the GPH at
500 hPa. We calculated the linearly detrended GPH
anomaly because GPH is influenced by lower tropo-
spheric temperatures, which are rising with human-
induced climate change. It is clear that a strong con-
tinental high-pressure ridge system dominated the
whole of North China and its adjacent regions from
22 to 24 June 2023 (figure 2(a)). This anomalous
warm core high-pressure system and the associated
strong sinking flow (figure 2(b)) enhanced insola-
tion and adiabatic heating in North China. The high-
pressure system began to influence the study region
on 21 June and then receded after 25 June (figure
S1) and was therefore the major system inducing the
heatwave in this region. It is worth noting that the
soils were anomalously dry in both the week pre-
ceding and during the heatwave event (figures 2(c)
and (d)), which exacerbated the intensity of the
heatwave.

3.3. Event attribution
The empirical approach showed that the mean GEV
distribution for the Tx3d increased with a smoothed
GMST at a rate of +1.03 ◦C/◦C (figure S2(a)). The
return period at the 2023 climate state is about
111 years (95% uncertainty margin of 24.3 years to
+∞) (figure S2(b)), which means that an extreme
heatwave in June as observed in 2023 has a prob-
ability of about 0.9% each year at the 2023 climate
state, with a 95% uncertainty margin of 0%–4.1%.
It is therefore a low-likelihood, high-impact event.
The comparison of the fit for the 2023 climate and
for a pre-industrial climate (figure 3(a)) shows a PR
of about 58 (range 0.6 to +∞, statistically not sig-
nificant) (figure 3(c), table 2), corresponding to an
FAR of about 0.98 (range −0.74 to 1) (figure 3(c),
table 2) and an increase in intensity of Tx3d of about
1.2 ◦C (range 0.01 ◦C–2.5 ◦C, statistically significant)
(figure 3(d), table 2).

In the coupled model approach, all the mod-
els used passed the model evaluation (table 1), with
p reaching 0.53 when pooling all model ensembles
(figure S3). All nine models were therefore included
in the attribution analysis. As in the empirical
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Figure 1. Characteristics of the heatwave event in North China from 22 to 24 June 2023. (a) Tmax averaged over the three days;
only values⩾35 ◦C are shown. The rectangle indicates the study region. (b) Anomaly of Tmax relative to the 1961–1990 base
period. (c) Highest three-day average Tmax (Tx3d) in the study region in June for the time period 1959–2023. The red dot is 2023.
The blue dashed line indicates the linear trend.

Figure 2. (a) Spatial pattern of the geopotential height (GPH) (contours; units: gpm) and detrended GPH anomaly (shading;
units: gpm) at 500 hPa from 22 to 24 June 2023; the rectangle indicates the study area. (b) Zonally averaged vertical velocity (VV)
anomaly (shading; units: 0.1Pa · s−1) from the land surface to 100 hPa. Negative values indicate upward motion. (c) Spatial
pattern of the volumetric soil water content of the top soil layer (swvl1) anomaly (shading; units: 10−2m3

·m−3 ) from (c) 15–21
June 2023 and (d) from 22 to 24 June 2023; the rectangle indicates the study area. Negative values indicate drier soils. The
anomalies are calculated relative to the 1961–1990 base period.
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Figure 3. Attribution analyses of the heatwave event in North China from 22 to 24 June 2023. (a) Generalized extreme value
(GEV) distributions fitted to the 2023 climate in the ERA5 dataset (red) and to the pre-industrial climate (blue). The vertical solid
line indicates the threshold (the intensity of the heatwave event in 2023). Shaded areas indicate the 2.5%–97.5% uncertainty
range. (b) GEV distributions fitted to the 2023-like events in the hist-SSP2-4.5 simulations (red) and hist-nat simulations (blue)
from the CMIP6 models. (c) Probability ratio (PR) and corresponding fraction of attributable risk (FAR) for 2023-like heatwave
events under a near-present-day climate compared with those under a counterfactual climate without human influences. (d)
Change in intensity for 2023-like heatwave events under a near-present-day climate compared with those under a counterfactual
climate without human influences. MME indicates the results from pooling all multi-model ensembles.

Table 2. Probability ratio and change in intensity when comparing two climate conditions. The first row compares
the climate of GMST2023 with GMST−1.2. The second row compares historical2023 with hist-nat2023. The remaining rows compare the
climate shown in the first column with the 2023 climate. 95% confidence intervals are shown in the parenthesis. An asterisk (∗) indicates
the result was statistically significant.

Dataset Probability ratio Intensity

Observations 58.4 (0.57,+∞) 1.2 (0.01, 2.49)∗

Hist-SSP2-4.5 3.6 (3.09, 5.89)∗ 1.0 (0.77, 1.34)∗

2035 climate in SSP2-4.5 1.6 (1.39, 1.87)∗ 0.5 (0.31, 0.75)∗

2050 climate in SSP2-4.5 2.7 (2.35, 3.13)∗ 1.4 (0.88, 1.62)∗

2090 climate in SSP2-4.5 5.5 (4.90, 6.26)∗ 2.9 (2.44, 3.12)∗

2035 climate in SSP1-1.9 2.0 (1.57, 2.58)∗ 0.8 (0.40, 1.17)∗

2050 climate in SSP1-1.9 2.2 (1.87, 2.91)∗ 0.8 (0.53, 1.18)∗

2090 climate in SSP1-1.9 1.6 (1.27, 2.05)∗ 0.5 (0.19, 0.84)∗

6
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Figure 4. Projection results of the 2023-like heatwave events in North China based on the SSP2-4.5 simulations. (a) Probability
ratio (PR) for 2023-like heatwave events under typical future climate conditions compared to those under the 2023 climate. (b)
Change in intensity for 2023-like heatwave events under typical future climate conditions compared to those under the 2023
climate. MME indicates the results from pooling all multi-model ensembles.

approach (figure 3(a)), the probability distribu-
tion curve shifted toward warmer temperatures
when anthropogenic climate change was included
(figure 3(b)). The comparison of the fit for the
historical2023 and hist-nat2023 simulations using the
pooledCMIP6model ensembles (figure 3(b)) showed
a PR of about 3.6 (range 3.1–5.9, statistically signific-
ant) (figure 3(c), table 2), corresponding to an FAR of
about 0.72 (range 0.68–0.83) (figure 3(c), table 2) and
an increase in intensity of Tx3d of about 1.0 ◦C (range
0.8 ◦C–1.3 ◦C, statistically significant) (figure 3(d),
table 2). Although the statistical significance varied
among individual models, seven of the nine mod-
els showed a consistent statistically significant PR
(figure 3(c)) and a change in intensity (figure 3(d)),
although the FGOALS-g3 and NorESM3-
LM models were not statistically significant
(figures 3(c) and (d)).

3.4. Future projections
The questions that naturally follow are how likely will
the 2023-like Tx3d be in the future and will it be the
new normal? we used the coupled model approach
to calculate the PR and change in the intensity by
comparing the 2035 climate, the 2050 climate and the
2090 climatewith the 2023 climate based on the SSP2-
4.5 simulations. The results show a PR of about 1.6
(range 1.4–1.9), 2.7 (range 2.4–3.1) and 5.5 (range
4.9–6.3), respectively, for the three future climate

conditions based on the pooling of the CMIP6 mod-
els (figure 4(a), table 2). Accordingly, the change in
intensity is about 0.5 ◦C (range 0.3 ◦C–0.8 ◦C), 1.4 ◦C
(range 0.9 ◦C–1.6 ◦C) and 2.9 ◦C (range 2.4 ◦C–
3.1 ◦C), respectively (figure 4(b), table 2). These val-
ues are all statistically significant and indicate that
the occurrence probability of 40 ◦C in June in the
North China region will become more likely in the
future and the intensity of 2023-like three-day heat-
wave events will become more intense. All nine mod-
els show consistent statistically significant results for
the North China region at the end of the century
(figures 4(a) and (b)).

When we used the SSP1-1.9 simulations to calcu-
late the PR and the change in intensity, the increase in
magnitude was smaller in the middle of the century
and at the end of the century compared with those
using the SSP2-4.5 simulations, especially for the end
of the century (figure 5, table 2). This indicates the
benefits of carbon neutrality. However, the increase
will still be statistically significant, with a PR of about
1.6 (range 1.3–2.1) and an intensity of an additional
0.5 ◦C (range 0.2 ◦C–0.8 ◦C) at the end of the cen-
tury versus the 2023 climate (figure 5, table 2). This
means that we still need to adapt to 2023-like three-
day heatwave events in June for the rest of this century
and that these eventswill also occurmore often and be
more intense than in 2023 even if carbon neutrality is
achieved.
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Figure 5. As in figure 4, but based on the SSP1-1.9 simulations.

4. Conclusions and discussions

The record-breaking heatwave event in the North
China region from 22 to 24 June 2023 occurred under
the background of an anomalous high-pressure sys-
tem controlling the region during this period and was
amplified by anomalously dry soils before and during
the heatwave event. Attribution analyses from both
the empirical approach based on observations and the
coupled model approach based on the CMIP6 model
simulations consistently showed that the intensity of
2023-like Tx3d events has been significantly increased
by at least 1.0 ◦C (range 0.8 ◦C–1.3 ◦C) due to anthro-
pogenic climate change. Future projections indicate
that 2023-like Tx3d events inNorthChina in Junewill
occur at least 1.6 (range 1.3–2.1, statistically signific-
ant) times during the rest of this century andwill be at
least 0.5 ◦C (range 0.2 ◦C–0.8 ◦C, statistically signific-
ant) more intense than events under the 2023 climate
even if carbon neutrality is achieved based on the very
low CO2 emissions scenario (SSP1-1.9). If we use the
intermediate emissions scenario (SSP2-4.5), then the
occurrence probability of 2023-like Tx3d events in
North China at the end of this century will be 5.5
(range 4.9–6.3) times and the intensity will be 2.9 ◦C
(range 2.4 ◦C–3.1 ◦C) stronger than events under the
2023 climate.

It should be noted that if we did not use the 2023
value to fit the GEV shift model, then the return
period under the 2023 climate state would be about
336 years (95% uncertainty margin of 49.5 to +∞)

(figure not shown, but similar to figure S2(b)), the
occurrence probability of which would be much rarer
than (only one-third of) that reported here. Our
return period can therefore be considered to be a con-
servative estimate.

Extreme three-day heatwave events in North
China in June are projected to occur more often
and be more intense in the future than under the
present climate. The greatest threat to humans from
heatwaves is their impact on our health. The two
most effective ways of adapting to extreme heat are
managing the health risks and reducing exposure to
heat. Countries need to adopt a range of effective
interventions to manage public health risks, includ-
ing the development of comprehensive heat adapt-
ation plans by government departments and the
establishment of timely and effective early warn-
ing systems for heat-health to facilitate monitor-
ing and give early warnings of heat-related risks.
Communities should also provide education about
the effects of extreme heat and communicate the
risks to help residents better protect themselves from
such extreme events. Reducing heat exposure, espe-
cially for vulnerable populations, is also an import-
ant protective measure. Cities can reduce the urban
heat island effect by planning the spatial distribu-
tion of buildings, optimizing building design and
greening urban areas. Individuals can reduce the
effects of heat exposure by staying hydrated and
avoiding outdoor activities during periods of peak
heat.
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