
                          Lo, Y. T. E., & Mitchell, D. M. (2021). How will climate change affect
UK heatwaves? Weather, 76(99), 326-327.
https://doi.org/10.1002/wea.4061

Publisher's PDF, also known as Version of record
License (if available):
CC BY
Link to published version (if available):
10.1002/wea.4061

Link to publication record in Explore Bristol Research
PDF-document

This is the final published version of the article (version of record). It first appeared online via
Royal Meteorological Society at https://doi.org/10.1002/wea.4061 . Please refer to any applicable terms of use of
the publisher.

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1002/wea.4061
https://doi.org/10.1002/wea.4061
https://research-information.bris.ac.uk/en/publications/370b8720-a2d4-4531-ad60-1ea75a94d877
https://research-information.bris.ac.uk/en/publications/370b8720-a2d4-4531-ad60-1ea75a94d877


1

W
eather – M

onth 9999, Vol. 99, No. 99 

Brief report

What is a heatwave?
A heatwave is typically a period of unusu-
ally hot weather that persists for at least 
a few days. For the UK, the Met Office 
defines a heatwave over a location as when 
it records maximum temperatures higher 
than or equal to a temperature threshold 
for at least three consecutive days. This 
threshold varies from 25°C in Scotland, 
Northern Ireland and most of Wales to 28°C 
in Greater London, reflecting the regional 
variation in summer climate. Heatwaves can 
impact heat-related illnesses and deaths, 
disrupt transport systems, and damage 
crops and agriculture.

What causes a heatwave?
Heatwaves are often a result of high-
pressure systems that ‘block’ weather sys-
tems travelling eastwards from the North 
Atlantic. These blocking patterns can 
result in cloud-free regions, allowing the 
Sun to bake the ground below and warm 
air to flow from lower-latitude regions, 
such as Southern Europe and North Africa. 
The most extreme UK heatwaves, many of 
which have occurred in the last two dec-
ades, have all featured persistent blocking 
patterns lasting one to two weeks. Other 
processes that drive heatwaves include 
sea surface temperature patterns and soil 
moisture feedback. The relative roles of 
these processes vary from heatwave to 
heatwave. For instance, the atmospheric 
circulation and, to a lesser degree, soil 
moisture deficit were drivers of the 2015 
European heatwave (Wehrli et al., 2019), 
but the circulation and sea surface tem-
perature patterns were the main drivers 
of the 2018 heatwave, at least over the UK 
(Petch et al., 2020).

How has climate change 
affected heatwaves?
While the processes above are all critical for 
the formation of heatwaves, their intensity 
and duration are being enhanced by the 
increase in global-mean temperature due to 
increasing levels of greenhouse gases in the 
atmosphere (McCarthy et al., 2019; Wehrli 
et al., 2019). Already, there has been a two- to 
three-fold increase in Central England heat-
wave activity since the late 1800s (Chapman 
et al., 2019), and at least a doubling in 
the risk of the infamous 2003 European 
heatwave due to human activity (Stott  
et al., 2004). The 2003 European heatwave 
is infamous for its impacts, notably its high 
mortality rate. In general, heatwaves since 
2003 have been enhanced even more due to 
human-induced climate change, with the like-
lihood of many of them increasing ten- to fifty-
fold (American Meteorological Society, n.d.).

How will heatwaves change 
in the future?
The Met Office’s latest UK Climate Projections 
(UKCP18) indicate a trend towards hotter 
and drier summers in the twenty-first cen-
tury, and thus higher magnitude heatwaves. 
For example, a summer as hot as that of 
2018, which is the joint warmest summer in 
the UK since 1884, could occur every other 
year by mid-century in a warming climate 
(Lowe et al., 2019). This is principally due 
to the increase in background atmospheric 
temperatures, but the specific increase in 
heat extremes will be modified by future 
changes in the jet stream location and sum-
mer blocking patterns, which are highly 
uncertain in current climate models.

At present, the highest temperature 
recorded in the UK is 38.7°C (Cambridge 
Botanic Garden, 25 July 2019). In the future, 
under a medium greenhouse gas emis-
sions scenario, climate models project 
that somewhere in the UK would reach 
the unprecedented high temperature of 
40°C about once every 15 years by the 
end of the century (Christidis et al., 2020). 
Under a high emissions scenario, this like-
lihood is further increased to once every 

3 to 4 years by the end of the century 
(Christidis et al., 2020). This represents a 
faster warming rate than the global aver-
age (Kennedy-Asser et al., 2021). On top 
of this warming trend, urbanisation can 
lead to even higher summer temperatures 
in cities due to factors such as heat stor-
age and release by urban structures, a lack 
of vegetation and reduced average wind 
speeds (Lo et al., 2020).

Based on the existing definition of heat-
waves, England and Wales are expected to 
experience at least one heatwave every 
year by mid-century, under the high 
emissions scenario (Arnell et al., 2021). 
In Scotland and Northern Ireland, the 
chances of a heatwave occurring in a year 
are expected to increase to over 50% by 
mid-century (Arnell et al., 2021). The extent 
to which extreme heat and heatwaves 
become common in the UK will largely 
depend on the concentrations of carbon 
dioxide and other greenhouse gases in the 
atmosphere, which in turn is dictated by 
the speed at which the world can achieve 
net zero emissions of greenhouse gases.

Acknowledgements
The authors would like to thank David 
Warrilow, Simon Lee, the two review-
ers and Philip Sayer for reviewing this 
paper. Y. T. E. Lo was funded by the NERC 
grant, HAPPI-Health (NE/R009554/1). D. M. 
Mitchell was funded by a NERC fellowship 
(NE/N014057/1).

Data access statement
This paper does not involve any underly-
ing data.

References
American Meteorological Society. 
2018. Explaining extreme events from a 
climate perspective. BAMS. https://www.
ametsoc.org/ams/index.cfm/publications/
bulletin-of-the-american-meteorological-
society-bams/explaining-extreme-events-
from-a-climate-perspective/ [accessed 26 
July 2021].

Arnell NW, Kay AL, Freeman A et al. 
2021. Changing climate risk in the UK: 

How will climate change affect 
UK heatwaves?

Y. T. Eunice Lo1,2 and 
 Dann M. Mitchell1,2

1School of Geographical Sciences, 
University of Bristol, Bristol, UK

2Cabot Institute for the Environment, 
University of Bristol, Bristol, UK

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fwea.4061&domain=pdf&date_stamp=2021-08-18


Ho
w

 w
ill

 cl
im

at
e 

ch
an

ge
 a

ffe
ct

 U
K 

he
at

w
av

es
?

2

W
ea

th
er

 –
 M

on
th

 9
99

9,
 V

ol
. 9

9,
 N

o.
 9

9 

a multi-sectoral analysis using policy-
relevant indicators. Clim. Risk Manag.  
31: 100265.

Chapman SC, Watkins NW, Stainforth 
DA. 2019. Warming trends in summer 
heatwaves. Geophys. Res. Lett.  46: 
1634–1640.

Christidis N, Mccarthy M, Stott PA. 2020. 
The increasing likelihood of temperatures 
above 30 to 40° C in the United Kingdom. 
Nat. Commun.  11: 1–10.

Kennedy-Asser AT, Andrews O, Mitchell 
DM et al. 2021. Evaluating heat extremes 
in the UK Climate Projections (UKCP18). 
Environ. Res. Lett.  16: 014039.

Lo YTE, Mitchell DM, Bohnenstengel 
SI et al. 2020. UK Climate Projections: 
summer daytime and night-time urban 
heat island changes in England’s major cit-
ies. J. Clim.  33: 9015–9030.

Lowe JA, Bernie D, Bett P et al. 2019. 
UKCP18 Science Overview Report. Volume 2. 
Met Office: Exeter, UK. https://www.metof-
fice.gov.uk/pub/data/weather/uk/ukcp18/
science-reports/UKCP18-Overview-report.
pdf [accessed 26 July 2021].

McCarthy M, Christidis N, Dunstone 
N et al. 2019. Drivers of the UK summer 
heatwave of 2018. Weather  74: 390–
396.

Petch JC, Short CJ, Best MJ et al. 2020. 
Sensitivity of the 2018 UK summer heat-
wave to local sea temperatures and soil 
moisture. Atmos. Sci. Lett.  21: 1–10.

Stott PA, Stone DA, Allen MR. 2004. 
Human contribution to the European 
heatwave of 2003. Nature  432: 610–
614.

Wehrli K, Guillod BP, Hauser M et al. 
2019. Identifying key driving processes of 

Correspondence to: Y. T. E. Lo

eunice.lo@bristol.ac.uk

© 2021 The Authors. Weather published by 
John Wiley & Sons Ltd on behalf of the Royal 

Meteorological Society. 

This is an open access article under the terms 
of the Creative Commons Attribution License, 
which permits use, distribution and reproduc-

tion in any medium, provided the original 
work is properly cited.

doi: 10.1002/wea.4061

major recent heat waves. J. Geophys. Res. 
Atmos.  124: 11746–11765.


