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KEY POINTS: 

● Record-breaking heat gripped most of Western Europe during June 2017, sending 
monthly mean temperatures about 3 degrees Celsius (4.8 degrees Fahrenheit) 
above normal (1981-2010).  

● Scientists with World Weather Attribution (WWA) and partners in England, France 
and Switzerland conducted a multi-method analysis to assess whether and to 
what extent human-caused climate change played a role in the heat. 

● These high temperatures are no longer rare in the current climate, occurring 
roughly every 10 to 30 years. 

● The team found that climate change increased the frequency and intensity of such 
extreme events, which have at the very least doubled and in the south have 
increased by at least a factor 10. By the end of the century, these high 
temperatures will become the norm in Western Europe.  



 

INTRODUCTION 

The month of June was marked by high temperatures across Western Europe with heat waves 
triggering national heat-health plans and wildfires requiring evacuations in Portugal and Spain. 
Heat waves can have significant impacts on human health and wellbeing including exacerbating 
existing medical conditions, particularly in the elderly and very young, and increasing energy 
demand, which can lead to disruptive power outages. ​In France, ​the night of June 21 will go 
down as the ​hottest June night​ ever recorded for most of the country as the average nighttime 
temperature reached ​26.4 degrees Celsius (79.52 degrees Fahrenheit). The average monthly 
June temperature in France was the second warmest on record after June 2003 in the official 
“heat index” series. ​Level three of France's four-level ​heat wave​ plan, put in place after the 
devastating 2003 heat wave​, was triggered for Paris as temperatures in the French capital 
topped 37 ​degrees Celsius (96.8 degrees Fahrenheit)​ during the week of June 19.​ In the 
Netherlands, June 2017 is likely to be the hottest June ever observed while in Switzerland, June 
2017 is ​the second warmest since 1864​ ​w​h​e​n​ ​o​b​s​e​r​v​a​t​i​o​n​s​ ​b​e​g​a​n​. In northern areas, the 
minimum nighttime temperatures reached ​record highs of 24-25 degrees​ Celsius (75.2-77 
degrees Fahrenheit). A level 3 warning was activated from June 20-23. In Britain the UK Met 
Office reported that ​Wednesday, June 21 was the ​hottest ​June day in more than 40 years when 
temperatures reached ​34.5 degrees Celsius at Heathrow​. 
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A major ​forest fire in Spain forced ​more than 1,500 ​people from homes, campsites, and hotels, 
and encroached on a UNESCO World Heritage site housing ​endangered species​. ​In Portugal, ​a 
deadly forest fire​ killed at least 64 people, injured 204, and displaced over 500 from their 
homes. Triggering the EU’s Civil Protection Mechanism, France, Italy and Spain have provided 
firefighting planes to help get Portugal’s “​worst forest fire in more than a century​” under control. 
The smoke of the wildfires in Portugal were catapulted high into the atmosphere and then 
transported several thousands of kilometers across Europe. Smoke from the fires ​could be seen 
all the way to the Swiss Alps​ from the station at Jungfraujoch (3580 m).  

he ​World Weather Attribution team​ in partnership with experts from other European countries 
conducted an event attribution study to investigate whether and to what extent human-induced 
climate change played a role in the high June temperatures across different countries in 
Western Europe..  

 

Figure 1. Left: first estimate of Tmean anomalies for June 2017 relative to 1981-2010, right: rank 
of the anomalies (dark red is highest value, bright red second highest, usually after 2003). 
Source: ERA-interim/ECMWF analysis/ECMWF forecast via ​KNMI Climate Explorer. 

RETURN PERIODS & TRENDS IN OBSERVATIONS 

First we analyze the observed June temperature record in several Western European countries 
to assess whether or not there is a trend toward increasing temperature. We also compute the 
return periods of average monthly June temperature as observed in 2017 to assess how rare 
this heat event is. For two countries, Portugal and Spain, we additionally analyze the average 
maximum June temperatures as in these two countries not only minimum and mean 
temperatures but also the maxima were exceptional. The data are taken as the average of the 
0.5º ​CRU TS 4.00​ analysis 1901-2015 over all grid points within the boundaries of Portugal 
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(without the Azores and Madeira), Spain (without the Canary Islands), France (without overseas 
territories but including Corsica) and Belgium. This was extended to June 25 using ​E-OBS v15.0 
to Dec 2016, the monthly updates to May 2017 and the daily updates for 1–26 June 2017, with 
a bias correction to CRU TS computed from the overlap period 1950–2015. The data for June 
27–30 were taken from the ​ECMWF​ analysis (27) and forecasts (28–30) with a bias correction 
to the daily E-OBS analysis starting 1979 using ​ERA-interim​.  

For Switzerland we used the ​Swissmean​ 1.0 series (1854–now) based on homogenized station 
data. The Netherlands were represented by the ​Central Netherlands Temperature​ v1.1 
(1906–now). As this does not include the coastal areas, we restricted the model analyses to the 
box 51.5–52.5 ºN, 4.5–6.5 ºE. The same holds for England, where we used the ​Central England 
Temperature​ and the box 51–54 ºN, 0–3 ºW to represent the temperature series in models. As 
the variability of the CET is much larger before 1900 (​King et al, 2015​) we start our analyses in 
that year. All these series were extended to June 2017 using E-OBS for June 1–26  and 
ECMWF forecasts for June 27–30 as discussed above (for the CNT these are for the underlying 
stations rather than a box). 

Based on these series we expect the mean temperature of June 2017 to be the highest one in 
the series in Portugal, Spain, France and the Central Netherlands. Note the Météo France "heat 
index" series based on 30 non-public stations gives a second place, after 2003. In Switzerland it 
is expected to be the second-highest since observations began in 1864, after 2003. Based on 
the CRU TS data, in Belgium it will be about the fifth warmest. The Central England June 
temperature will likely end up as the fourth highest June value since 1900. 

We analyzed the observational data by fitting all June temperature observations to a distribution 
that shifts proportional to the smoothed global mean temperature. This method assumes that 
global warming is the main factor affecting local temperatures on the 100-yr time scale. This 
assumption is correct almost everywhere over land, which is dominated by the day-to-day 
variations of the weather. Natural variability with time scales of more than a century has a very 
small amplitude over land (​Suckling 2016​). It also assumes that climate change is linear, i.e., 
that all temperatures go up the same amount. This is not the case in areas where soil moisture 
depletion is important (​Seneviratne 2010​) and this assumption is checked in regional climate 
scenarios provided by the CORDEX initiative. For the distribution we take a Normal distribution, 
which fits the monthly mean data well. This reduces the fit to a simple linear regression. All fits 
exclude the year being studied, June 2017. The fits are shown in Figure 2 as a function of the 
global mean temperature with the linear fit, and as a function of the return period for the 
climates of 1901 (blue) and 2017 (red). 

The probability in the climate of 1901 requires an extrapolation of several orders of magnitude in 
probability in the southern countries. This extrapolation depends very strongly on the distribution 
that is assumed, the uncertainty of this assumption is not included in the margins quoted. The 
model results below with more data points show that the tail of the distribution is likely thinner 
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https://www.ecmwf.int/en/research/climate-reanalysis/era-interim
https://link.springer.com/article/10.1007%2Fs00382-016-3255-8
http://hadobs.metoffice.gov.uk/hadcet/


than a Normal distribution, which implies that the fits here may well underestimate the Risk 
Ratio, i.e. the change in the likelihood of the event occurring due to climate change.  

 



Figure 2. Fits to the June temperature time series as described in the text of Tmean of Portugal, 
Spain, France, Switzerland, Belgium, the Central Netherlands and Central England; Tmax in 
Portugal and Spain. The red lines indicate the current climate, the blue ones the climate of 
around 1901. The purple symbol and lines indicate June 2017 (not included in the fits). 

The results for the observed temperature in 2017 and return periods (including 95% Confidence 
Intervals, CI) of this value in the current climate are shown in Tables 1 and 2. The return periods 
are not very high, around 10 years (10% chance per year) in the northern countries and 
Switzerland to around 20 years (5% chance per year) in France, Spain and Portugal. This 
means that we can expect another hot June like this before too long. The maximum temperature 
averaged over Spain was more exceptional, around 80 years, almost certainly more than 30 
years (less than 3% chance every year). 

Table 1. Observed/forecast value and return period of June 2017 

Country (rank) 
Tmean 

Observed/forecast 
Tmean, anomaly 

Return period in 
current climate 

95% CI on return 
period 

Portugal (1) 23.2 ºC  2.9 ºC 25 yr (4 %/yr) 10 ... 110 yr 

Spain (1) 22.7 ºC  3.0 ºC 35 yr (3 %/yr) 13 ... 150 yr  

France (1/2*) 19.9 ºC  2.9 ºC 30 yr (3 %/yr) 12 ... 140 yr 

Switzerland (2) 15.2 ºC  3.2 ºC 20 yr (5%/yr)  7 ... 130 yr 

Belgium (~5) 18.1 ºC  2.0 ºC 9 yr (11 %/yr) 2.5 ... 45 yr  

Central Netherlands (1) 18.5 ºC  2.8 ºC 20 yr (5 %/yr)  8 ... 70 yr  

Central England (~4) 16.4 ºC  1.9 ºC 15yr  (7 %/yr)  7 ... 50 yr  

Tmax    

Portugal (1) 30.2 ºC  4.2 ºC 20 yr (5 %/yr) 10 ... 80 yr 

Spain (1) 30.6 ºC  4.3 ºC 80 yr (1 %/yr) 30 ... 500 yr 



* The CRU TS 4.00 / E-OBS v15.0+ / ECMWF series gives the highest value, the Météo France 
"heat index" series based on 30 non-public stations the second-highest. 

The fit also allows us to compare the probability in the climate around 1901 (i.e., with a global 
mean temperature as observed around 1901) with the climate of today. We emphasise again 
that this extrapolation is very uncertain in the southern countries and may well lead to an 
underestimation of the Risk Ratio. 

Table 2: Risk Ratios estimated from observed trends. 

Country 
Tmean 

Risk Ratio 
(p​1​/p​0​) 

95% CI on RR ∆T, change in 
magnitude 

95% CI on 
∆T 

Portugal 2000  300 ... 30000  2.4 ºC 1.8 ... 3.0 ºC 

Spain 9000  1000 ... 300000 2.6 ºC 2.0 ... 3.2 ºC 

France 200  30 ... 2000  1.8 ºC 1.2 ... 2.4 ºC 

Switzerland 150  30 ... 900  2.4 ºC 1.5 ... 3.1 ºC 

Belgium 8  2.4 ... 40  1.1 ºC 0.5 ... 1.8 ºC 

Central Netherlands 30  6 ... 250  1.6 ºC 0.9 ... 2.3 ºC 

Central England 4  1.3 ... 13  0.7 ºC 0.1 ... 1.2 ºC 

Tmax     

Portugal 1400  150 ... 20000  3.3 ºC 2.4 ... 4.1 ºC 

Spain 25000  1500 ... 1000000 3.2 ºC 2.5 ... 3.9 ºC 

 

Furthermore, the Risk Ratio estimates have large uncertainties due to the relatively small 
number of data points (for most countries 116). However, they are always (much) larger than 
one, showing that the probability of observing a temperature as high as in 2017 or higher has 
increased, in many regions strongly, over the past century. 



ATTRIBUTION - MODEL RESULTS 

The next step in our analysis is to assess whether and to what extent external drivers, in 
particular anthropogenic climate change, caused this positive June temperature trend in the 
observational data. Answering this question requires the use of climate models, in which the 
relative impact of various external “forcings” such as changes in solar insolation, volcanoes, and 
greenhouse gas concentrations can be quantified. We need to use climate models because the 
observational record can assess correlation (is there a trend?) but not causation (what caused 
the trend?).  

For this analysis we looked at five different climate models and modelling initiatives respectively 
(​weather@home, HadGEM3-A, ​EC-Earth 2.3​, CMIP5 and CORDEX​). CMIP5, the “5th Coupled 
Model Intercomparison Project” (Taylor et al. 2012), is a collection of coordinated experiments 
from climate models run at centers across the world  and is used in the IPCC Fifth Assessment 
Report. The EC-Earth 2.3 model, which also forms part of the CMIP5 ensemble, was run 16 
times at KNMI. The CORDEX ensemble of Regional Climate Model (RCM) runs downscales 
CMIP5 runs from 1950-2100 to much higher resolutions over Europe (11km). 11 bias-adjusted 
ensemble members of the European CORDEX branch EURO-CORDEX (​www.euro-cordex.net​) 
are used in this analysis. Two further ensembles of atmosphere-only models are used: the UK 
Met Office HadGEM3-A model at N219 (60km) and the very large ensemble of Oxford’s 
weather@home runs of HadRM3P simulations at (50km). These models are all run with and 
without (the “counterfactual”) human-caused emissions of greenhouse gases and aerosols, 
allowing us to isolate and quantify the influence of human-induced climate change on the 
likelihood of June warm spells within the climate models. 

weather@home 
 
Using the distributed computing framework known as ​weather@home​ ​(Massey et al. 2015)​, we 
simulate two different large ensembles of June 2017 using the Met Office Hadley Centre 
regional climate model HadRM3P at 50km resolution over Europe embedded in the 
atmosphere-only global circulation model HadAM3P. The first set of ensembles represents 
possible June weather under current climate conditions. This ensemble is called the “all 
forcings” scenario and includes human-caused climate change. The second set of ensembles 
represents possible June weather in a world as it might have been without anthropogenic 
climate drivers. This ensemble is called the “natural” or “counterfactual” scenario.  
 
As weather@home is an atmosphere-only modelling framework, observed sea surface 
temperatures (SSTs) are necessary to drive the model. SSTs for the “natural” simulations are 
obtained by subtracting various estimates of the difference between pre-industrial and 
present-day conditions from CMIP5 ​(Schaller et al., 2014)​. As observed SSTs are not yet 
available at the time of writing, the model is forced using seasonal forecast SSTs from the Met 
Office forecasting system GloSEA5 ​(Haustein et al., 2016)​. While biased warm in most 
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countries, the distribution of average June temperatures compares well with observed 
distributions of June temperatures in the analyzed countries apart from the southernmost, Spain 
and Portugal, where the bias is cold. While the distribution and variability in the model 
climatology compare well with observations, the difference in June temperatures between the all 
forcings and counterfactual simulations is only about 1 ºC suggesting the counterfactual 
simulations underestimate the trend from human-induced warming. Results from 
weather@home simulations thus are likely a very conservative estimate of the risk ratio. Return 
periods of June temperatures in the two ensembles as well as the climatology are shown in 
Figure 3 as well as the risk ratios and their change with return period. Table 3 shows the risk 
ratios for the observed June 2017 events. 
 
It is to be expected that the changes in probability in the atmosphere-only simulations do not 
exactly compare with observations and coupled model simulations. While observations and 
coupled models include changes due to natural variability and, in case of the observations other 
forcings, the atmosphere-only simulations of an individual year allow the change in probability 
due to anthropogenic forcings alone to be quantified. Everything else, including SST patterns, is 
kept the same. However, compared to the trend from human-induced warming, these other 
influences are small (at least over Europe) and thus cannot explain the discrepancies to trends 
in observations. 
 

 
 



 
 

 

 
 




