
Attribution of the 2018 heat in northern Europe 
 
Key findings 

- The heat (based on observations and forecast) is very extreme near the 
Arctic circle, but less extreme further south: return periods are about 10 
years in southern Scandinavia and Ireland, five years in the Netherlands  

- From past observations and models we find that the probability of such a 
heatwave to occur has increased everywhere in this region due to 
anthropogenic climate change, although in Scandinavia this increase was 
not visible in observations until now due to the very variable summer 
weather. 

- We estimate that the probability to have such a heat or higher is generally 
more than two times higher today than if human activities had not altered 
climate. 

- Due to the underlying warming trend even record breaking events can be 
not very extreme but have relatively low return times in the current 
climate. 

- With global mean temperatures continuing to increase heat waves like this 
will become even less exceptional 

 
Here we present an attribution study of the ongoing heat wave made in near real time using 
well assessed methodologies. It is not peer-reviewed and was written quickly. We used 
thoroughly tested methods to do the analysis, evaluation of models and checked the 
observations for errors. The return times are partly based on forecasts and therefore have 
additional uncertainties.  However, the changes in probability are based on past observations 
and model results and the authors are confident that these results are robust. We are very 
grateful to Peter Thorne and Peter Thejll for making the Irish and Danish temperature 
observations available to us. 
 
The summer of 2018 has been remarkable in northern Europe. A very persistent 
high-pressure anomaly over Scandinavia (Figure 1a) caused high temperature 
anomalies and drought there from May to (at least) July (Figures 1b,c). These reached  as 
far southwest as Ireland. Southern Europe was unusually wet, with damaging 
thunderstorms in France in the first half of June. In this analysis we investigate the 
connection between one aspect, the highest temperatures so far in Northern Europe, 
and climate change. Other variables are much less straightforward to analyse and have 
to be addressed in subsequent studies. It is important to note that, compared to other 
attribution analyses of European summers, attributing a heat wave early in the season 
with the whole of August still to come will only give a preliminary result of the 2018 
Northern hemisphere heatwave season. 
 



 

 
Figure 1: May-July averages of a) Z500 anomaly showing the anomalous circulation, b) 
temperature anomalies and c) relative precipitation anomalies. a,b: ECMWF analyses and 
forecasts compared to ERA-interim, c: CPC analysis (up to 23 July).  
 
The analysis is based on observations from the 1st of May up to 24 July plus 5-day 
forecasts from the ECMWF deterministic model. In fact, the hottest days of the summer 
so far are occurring as we do the analysis, so most results are based on one- to three 
day forecasts. Experience has shown these to be accurate enough. For relatively 
common events, the change in probability that we compute is not very sensitive to the 
exact temperature of the event. In this analysis that applies to all areas except the most 
northern one, where we take the uncertainty due to the forecast into account. 
 

2. Event Definition 
To define the event, we analyse the three-day maximum temperature average (TX3x) at 
individual locations. In most of the locations the three-day heat waves were actually not 
extremely hot in the current climate, so the return time of the event at each place is 
small and the event we look at is not very extreme. The persistence of the heat is 
probably the more exceptional factor in this summer's heat waves, but changing the 
definition from three to seven does not change the return time much. Looking at even 
longer events would probably lead to a definition of a rarer event, however long 



temporal averages would also lead to much less data to analyse in the observations and 
thus to higher uncertainties. Therefore we chose to use the 3-day maximum average, 
which also facilitates comparison with previous analyses, even though longer time 
scales would show a stronger connection to global warming.  
 
Figure 2 shows the anomaly of the 2018 summer in this measure, i.e., the highest value 
for the summer so far compared to the normal highest value of the summer. It shows 
that the highest anomalies were in northern Scandinavia and in western Ireland, with 
heat waves already more than five degrees warmer than the average hottest three days 
of the year in 1981-2010.  The Netherlands are also experiencing a heat wave that is 
forecast to be about three degrees warmer than normal in the 3-day running mean. 
Note that we expect this map to show more red areas after the summer, because there 
could well be hotter periods in August than the ones shown. 
 

 
 
Fig. 2 The hottest 3-day average of Tmax in 2018 (ECMWF analyses up to 24 July, forecasts up 
to 31 July) compared to the highest 3-day maximum temperature in the period 1981-2010 
that is currently the "normal" period (ERA-interim). Along coasts there are artefacts from 
comparing the high-resolution analyses with the lower-resolution ERA-interim reanalysis. 
 
 



  
Based on this map, we are focussing on Northern Europe and analyse the following 
stations with long, homogeneous records and preferably not too close to coasts in order 
to enable comparisons with climate models:  

- Phoenix Park (Dublin, Ireland, 53.36N, -6.32E, 49.0m),  
- De Bilt (Netherlands, 52.10N, 5.18E, 1.9m), 
- Landbohøjskolen (Copenhagen, Denmark, 55.7N; 12.5E, 9m), 
- Oslo Blindern (Norway, 59.94N, 10.72E, 94.0m), 
- Linköping (Sweden, 58.40N, 15.53E, 93.0m), 
- Sodankyla (Finland, 67.37N, 26.63E, 179.0m) and  
-  Jokioinen (Finland, 60.81N, 23.50E, 104.0m).  

 

3. Methods 
 
In this article we do not analyse large area averages or country averages as in previous 
analyses of high temperatures but focus instead on a number of individual locations in 
Northern Europe where long records of observed data are available.  
 
We firstly analyze observed temperatures and estimate how rare the current heat wave 
is, measured as three-day maximum temperatures, and whether or not there is a trend 
toward increasing temperature. As appropriate for our event definition, we fit a 
Generalized Extreme Value Distribution (GEV), described by three parameters: the 
position parameter μ, the scale parameter σ and the shape parameter ξ. In this 
statistical approach, global warming is factored in by allowing the fit to the distribution 
to be a function of the (low-pass filtered) global mean surface temperature (GMST), 
where GMST is taken from the National Aeronautics and Space Administration (NASA) 
Goddard Institute for Space Science (GISS) surface temperature analysis (GISTEMP, 
Hansen et al., 2010). We assume that the scale parameter σ shifts with the position 
parameter μ, thus the PDF is shifted up or down with GMST but does not change shape. 
In this way, it results in a distribution that varies continuously with GMST. This 
distribution can be evaluated for a GMST in the past (e.g., 1950 or 1900) and for the 
current GMST. A 1000-member non-parametric bootstrap procedure is used to estimate 
confidence intervals for the fit. 
 
We can then assess the probability of occurrence of the observed event in the present 
climate, p1, and past climate, p0. These probabilities are communicated as return 
periods of the event in the present and past: 1/p1 and 1/p0 respectively. The risk ratio is 
evaluated as the ratio of p1 to p0. If the 95% confidence interval for risk ratio does not 
encompass unity, we say that the risk ratio is significantly larger (or smaller) than one 
and there is a detectable positive (or negative) trend in the observational data. This 
approach has been used before, e.g., Philip et al. (2017) for drought, Schaller et al. 
(2014) and Van der Wiel et al. (2017) for heavy precipitation, Uhe et al. (2016) and van 
Oldenborgh et al. (2015) for temperature, and Vautard et al. (2017) for wind stagnation.  
 

https://www.worldweatherattribution.org/analyses/european-heat-june-2017/
https://www.worldweatherattribution.org/analyses/euro-mediterranean-heat-summer-2017/


Secondly, to assess the role of climate change, we compare observations with results 
from climate models that are available and suitable for the temperatures in these 
locations. This answers the question whether and to what extent external drivers, in 
particular human-caused climate change, can explain the temperature trends in the 
observational data. Including models allows us to give the causation of a trend. Models 
included in this analysis are EC-Earth 2.3 T159 (1861-2100, ~150km resolution), RACMO 
2.2 (1950-2100, ~12km)  HadGem3-A N219 (1960-2015, ~60km), and weather@home 
(HadRM3, ~25km). A more detailed description of these models can be found below. 
 
In all cases we use the approximate return time of the event as found in the 
observations as the event definition for analysis. For transient simulations of the 
changing climate, we again calculate how the probability of the event is changing over 
time in the model record, by fitting the temperature values 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 since about 1900, and 
that virtually all global warming is attributable to anthropogenic factors. In Europe, with 
very little decadal variability, the first condition is met. The second assumption is the 
conclusion of the IPCC, but disregards the uncertainty surrounding it (IPCC WG1 AR5 
Chapter 10). For the weather@home model we use the more straightforward method of 
directly comparing an experiment with actual conditions to another one that represents 
pre-industrial conditions. The change in the likelihood of the event occurring due to the 
change in climate (the risk ratio) is calculated from the (fitted) distributions for the 
current climate and a past climate. For the EURO-CORDEX climate projections ensemble, 
we pool 11 regional climate model simulations, a method that was used in previous 
cases. 
 
Models that show significantly different behaviour of hot events from the observations 
are not considered further. For this we investigate whether the fit parameters to the 
GEV differ significantly, allowing for an additive bias correction. In practice it means we 
demand that the variability of hot extremes is compatible with the observed one, this is 
not always the case (cf our analysis of the 2017 heat wave in the Mediterranean). 
 
Finally, we synthesise the results from observations and climate models that have 
passed our evaluation to assess the overall change in likelihood of the event occurring 
attributable to anthropogenic climate change.  
 
As an additional step we also assess how the occurrence frequency of the event is 
changing under a future warming scenario in the climate models.  
 

4. Observational analysis 
For every station we fit the statistical model described in section 3 and determine the 
return time and whether a trend emerges beyond the range of deviations expected by 
natural variability. In the table below we summarise the results of the return period for 
each station that has been analysed. Risk Ratio and change in temperature are 
summarised below together with the model results. 

https://www.worldweatherattribution.org/analyses/euro-mediterranean-heat-summer-2017/


 

Station  Length of 
time series 

Observed 
or forecast 
value 
(Celsius) 

Return period in 
current climate (yr) 

Dublin, Ireland  1880-2018  26.5  8 (4...15) 

De Bilt, Netherlands  1900-2018  33.0  5 (3...9) 

Copenhagen, Denmark  1874-2018  30.9  7 (4...19) 

Oslo, Norway  1937-2018  31.2  8 (3...30) 

Linköping, Sweden  1931-2018  32.2  30 (10...200) 

Sodankyla, northern Finland  1908-2018  31.9  >90 yr 

Jokioinen, southern Finland  1957-2018  32.1  140 (>16) 
 
We use the best guess of these return times in three day maximum temperatures as the 
event definition for the gridpoint in the climate models the station is located in.  
 

5. Model analysis 
 

At each location we calculate the risk ratio as well as the change in magnitude of the 
event in the observations and the models. If the variability is "too large" or "too small" 
we do not use the results. For the two Finnish stations EC-Earth was used instead of 
RACMO as they fall outside the RACMO domain. We synthesise the others with the 
observations to give an overarching attribution statement.  

 

Data set  Variability (reason 
why not used) 

Risk Ratio (p1/p0) 

Ireland: Dublin Phoenix Park 

Station     1.9 (0.9...4.2) 

RACMO  OK  2.0 (1.6...2.6) 

HadGEM-3A  too low  40 (16 ... 235) 

weather@home  too high  2.3 (1.4 … 3.9) 

EUROCORDEX  slightly too high  2.0 (1.5 … 2.9) 

Synthesis    2.0 (1.2 ... 3.3) 



Netherlands: De Bilt 

Station     20 (6...500) 

RACMO  OK  1.6 (1.2 ... 2.1) 

HadGEM3-A  OK  1.4 (1.0 ... 1.7) 

weather@home  too large  2.5 (1.2 … 4.2) 

EUROCORDEX  slightly too large  2.5 (1.9 ... 4.1) 

Synthesis    3.3 (1.6 … 16) 

Denmark: Copenhagen Landbohøjskolen 

Station     3 (1.2...9) 

RACMO  OK  4.1  (2.2 ... 7.7) 

HadGEM3-A  OK  10 (5.6 ... 24) 

weather@home  too large  1.8 (1.3 … 2.6) 

EUROCORDEX  too large  1.9 (1.5 … 2.4) 

Synthesis    5.0 (2.4 … 12) 

Norway: Oslo Blindern 

Station    1.6 (0.3...10) 

RACMO  OK  3.6 (2.2 ... 6.7) 

HadGEM3-A  too low  6.9 (4.5 ... 12) 

weather@home  too large  1.6 (1.3 … 2.0) 

EUROCORDEX  OK  4.6 (2.3 … 10)  

Synthesis    3.0 (1.0 ... 10) 

Sweden: Linköping 

Station    1.1 (0.2...9) 

RACMO  OK  4.1 (2.3 ... 10) 

HadGEM3-A  OK  11 (5.7... 39) 

weather@home  too large  2.0 (1.4 ... 2.9) 

EUROCORDEX  OK  30 (22 … 44) 

Synthesis    6 (2.2 … 23) 



Finland: Sodankyla 

Station    0.0002...20 

EC-Earth  OK  150 (12 ... 1500) 

HadGEM3-A  OK  80 (5 ... 5000) 

weather@home  too large  2.7 (1.3 … 6.8) 

EUROCORDEX  OK  >1000 

Synthesis    not possible 

Finland: Jokioinen 

Station    1.8 (0.2...∞) 

EC-Earth  OK  4.5 (3.0 ... 6.5) 

HadGEM3-A  OK  7.7 (5.4 ... 27) 

weather@home  too large  2.4 (1.7 … 3.4) 

EUROCORDEX  OK  100 (34 … 200) 

Synthesis    not possible 

 
 

6. Synthesis 
 

 
Dublin Phoenix Park: Only two models had variability compatible with the 
observations (EUROCORDEX has 30% too much variability but we decided to keep it; 
EC-Earth is fine but is also downscaled by RACMO, which fits the observations even 
better). The Risk Ratio is about two in all estimates, the straight average of observations 
and the two models gives a Risk Ratio of 2.0 with a 95% uncertainty interval of 1.2 …  3.3. 
 
 



 
De Bilt: Observations show a much bigger increase in probability than the models, 
which also show some spreads. We verified that the trend is the same at the other 
homogenised non-coastal stations in the Netherlands (Eelde and Maastricht). Starting in 
1951, and hence avoiding the breaks altogether, gives even higher trends and hence 
Risk Ratios. The same mismatch extends into Central Europe and has been discussed by 
Min et al., 2012 and Sippel et al., 2016. The cause is as yet unknown, so the best we can 
do at this moment is to average these values (on a logarithmic scale) leading to an 
increase in probability of very roughly a factor three, and definitely larger than one. 
 

 
Copenhagen Landbohøjskolen: Both models with variability that is compatible with 
the observations show a somewhat stronger increase than the observed trend, but 
within uncertainties the results are reasonably compatible (χ²/dof=3.4). The average Risk 
ratio is roughly five (larger than 2.4). 
 

 



Oslo Blindern: The observed trend has large uncertainties and is therefore compatible 
with both models that have realistic variability. The two models with realistic variability 
agree well. The average gives a Risk Ratio between 1 and 10, so we can say that the 
probability increased but not very well by how much. 
 
 

 
Linköping (Sweden): Again there is huge uncertainty in the observed trend. The 
EUROCORDEX ensemble has a higher trend than the other two models, so we cannot 
say much more than there is definitely an increase in probability for heat waves. 
 
 

 
Sodankyla: In the high Arctic, the uncertainties both on the observations and on the 
climate models are enormous. Given the strong positive trends in the climate models, 
and the possibility of a positive trend in the observations, we can state that the trend is 
positive but nothing more. Note that the scale extends over eight orders of magnitude. 
 
 



 
Jokioinen: The same holds for the more southerly station in Finland. 
 

 
7. Conclusion 
 
In our analysis we have looked at local weather stations in northern Europe where 
people are experiencing the heat wave today. In individual locations the interannual 
variability in summer temperatures is much larger than if we would average over 
countries or the whole region that is experiencing a heat wave in the early summer of 
2018. The climate change signal is thus harder to detect from the noise in individual 
places. However, it is towns and villages where people live and not area averages, hence 
we chose to focus on stations only in this analysis. In previous studies we have 
compared stations with large scale averages where we found e.g. that in the case of last 
year’s heatwave in the South of Europe the increase in the occurrence likelihood of a 
heat wave like the one observed was at least a factor two larger in the area average 
than at individual stations.  
 
In Ireland, the Netherlands and Denmark there are clear trends towards more heat 
waves in the observations. In Ireland and Denmark climate models give a very similar 
increase in probabilities to the observations — roughly a factor two more likely in 
Dublin and a factor four in Denmark.  In the Netherlands the observed increase in hot 
extremes is much larger than the modelled increase. This is a well-known problem (Min 
et al, 2013, Sippel et al, 2016) but the cause has not yet been elucidated. 
 
However, this is not the case further north. No trend is currently detectable in the 
observations there. However, due to the large variability of the summer weather, the 
uncertainty in the trends is so large that the observations are also compatible with large 
changes in the likelihood of heat extremes to occur. In the case of Scandinavia, the 
models are thus probably a better source to estimate the change in likelihood as we 
have large ensembles of model experiments. However, due to the possibility of biases in 
the magnitude of the trend (as in Central Europe), we prefer not to give a number for 
the magnitude of the increase purely based on models. Thus, we can conclude that 
anthropogenic climate change increased the odds of a heat wave as observed in 2018 in 
Scandinavia but we cannot quantify by how much.  
 



At the same time as an increase in noise, the further North in Europe we look, the more 
extreme the event is today. In the station in northern Finland, temperatures are 
experienced outside anything that has been measured before in over a hundred years 
worth of data. In Dublin and the Netherlands the 3-day average of maximum 
temperatures, measured this week (up to 28th of July) and forecast for the next, are 
fairly common for this time of the year in today's climate, with return times between 
four and seven years even though they are close to record-high compared to earlier 
climates. They have simply become more  likely  due to anthropogenic climate change. 
In other words, you get record-high temperatures with a low return time if you have a 
large trend. 
 
 
 

8. Models  

The following models are used in this analysis: 
 
EC-Earth 
EC-Earth 2.3 is a coupled atmosphere-ocean general circulation model ensemble with 
16 members (Hazeleger et al. 2010), each producing a transient climate simulation from 
1860 to 2100. The model resolution is T159 which translates to around 150 km in the 
European domain. The underlying scenarios are the historical CMIP5 protocols until the 
year 2005 and the RCP8.5 scenario (Taylor et al. 2012) from 2006 onwards. Up to about 
2030, the historical and RCP8.5 temperature evolution is very similar. 
 

RACMO 

RACMO is a regional climate model developed at KNMI. An ensemble of sixteen 
members was generated to downscale the above-mentioned EC-Earth experiments over 
the period 1950-2100 at a resolution of about 11km (Lenderink et al., 2014, Aalbers et 
al., 2018). 

HadGem3-A 

The 15 HadGEM3-A atmosphere-only runs from 1960–2015 (Ciavarella et al, 2017) 
(N216, about 60km) are evaluated for the separate regions. The model is driven by 
observed forcings and sea-surface temperatures (SSTs) (“historical”) and with 
preindustrial forcings and SSTs from which the effect of climate change has been 
subtracted (“historicalNat”). The latter change has been estimated from the Coupled 
Model Intercomparison Project phase 5 (CMIP5) ensemble of coupled climate 
simulations. 
 
weather@home 



Using the distributed computing framework known as weather@home (Guillod et al., 
2017, Massey et al., 2015) we simulate three different large ensembles of June and July 
weather,  using the Met Office Hadley Centre regional climate model HadRM3P at 25km 
resolution over Europe embedded in the atmosphere-only global circulation model 
HadAM3P. The first set of ensembles represents possible 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 
summer weather in a world as it might have been without anthropogenic climate 
drivers. This ensemble is called the “natural” or “counterfactual” scenario (Schaller et al., 
2016).  
 
EURO-CORDEX  
We used the multi-model EURO-CORDEX ensemble (Jacob et al., 2014), including 11 
different regional climate simulations at a 0.11° resolution over Europe. For this 
ensemble, an additional bias correction was applied (Bartok et al., in preparation) using 
the Cumulative Distribution Function transform (CDFt, Vrac et al., 2016) method. These 
simulations have been evaluated in the context of the CLIM4ENERGY Copernicus 
Climate Change Service project (http://clim4energy.climate.copernicus.eu). The 
reference data used for bias correction is the Watch Forcing Data ERA-Interim (WFDEI, 
Weedon et al., 2014). The ensemble is pooled, which is formally possible because the 
bias correction method corrects data making it homogeneous across the multi-model 
distribution. However, caution must be taken when interpreting changes using such a 
pooled ensemble, as changes in the tails of the distribution may be different for each 
model, leading to potential heterogeneity in extremes for periods different than the 
reference period. 

 

Model evaluation results 

The table below gives an overview of the model performance at each location measured 

in terms of the trend and distribution parameters.  THIS TABLE SHOULD STILL BE 

UPDATED. 

model  Sigma (CI)  Ksi (CI)  Return 
period/ 
correspondi
ng model T 

trend 

Ireland: Dublin Phoenix Park 

obs  1.477 (1.280... 

1.637) 

-0.140 (-0.229... 

-0.029) 

7.5384 

(4.2241 ... 

14.836) 

0.666 (-0.069... 

1.470) 

http://clim4energy.climate.copernicus.eu/


EC-Earth  1.207 (1.167... 

1.245) 

-0.086 (-0.121... 

-0.060) 

22.9 C 

Not used: use 

Racmo 

1.098 (0.986... 

1.119) 

HadGem hist  0.786 (0.744... 

0.840) 

-0.193 (-0.232... 

-0.135) 

NOT USED   

Racmo  1.463 (1.400... 

1.532) 

-0.027 (-0.076... 

-0.001) 

22.8 C  0.694 (0.462... 

0.939) 

w@h    -0.19 (-0.2… 

-0.0004) 

   

Netherlands: De Bilt 

Obs(1901+) 
obs(1950+) 

1.984 (1.662... 

2.177) 

1.964 

-0.266 (-0.333... 

-0.178) 

-0.263 

4.5116 

(2.8729 ... 

9.2817) 

2.696 (1.700... 

3.601) 

3.422 (1.883... 

5.191) 

EC-Earth  1.590 (1.530... 

1.634) 

-0.106 (-0.142... 

-0.086) 

NOT USED  0.923 (0.796... 

1.090) 

EC-Earth 
bias-corrected 

2.130 (2.054... 

2.210) 

-0.102 (-0.141... 

-0.083) 

Better but 

Racmo used 

0.827 (0.673... 

1.179) 

HadGem hist  2.205 (2.095... 

2.335) 

-0.156 (-0.226... 

-0.127) 

30.5 C  2.498 (2.194... 

3.600) 

Racmo (1950+)  2.157 (2.042... 

2.265) 

-0.234 (-0.265... 

-0.181) 

27.7 C  0.690 (0.324... 

1.140) 

W@H hist      36.9 C   

Denmark: Copenhagen Landbohøjskolen 



Obs 1879-2018 
with gaps 
 
 
Obs  
1950-2016 

1.849 (1.629... 

2.054) 

1.772 (1.434... 

2.030) 

-0.215 (-0.313... 

-0.144) 

-0.177 (-0.541... 

-0.072) 

7.3935 

(4.1114 ... 

18.651) 

1.161 (0.196... 

2.119) 

3.035 (1.410... 

4.578) 

EC-Earth 
 

0.948 (0.903... 

0.975) 

-0.168 (-0.197... 

-0.118) 

NOT USED  0.916 (0.834... 

1.084) 

HadGem hist 
(1960+) 
 

1.839 (1.759... 

1.953) 

 

-0.125 (-0.191... 

-0.083) 

 

29.2  2.697 (2.284... 

3.297) 

 

Racmo (1950+) 
 

2.153 (2.030... 

2.240) 

 

 

-0.289 (-0.316... 

-0.228) 

 

28.17  1.036 (0.621... 

1.437) 

 

Oslo 

Obs (up to 
19th July only) 
 
Obs 1950+ 

2.264 (1.893... 

2.527) 

 

2.290 

-0.278 (-0.385... 

-0.179) 

-0.275 

5.40246 

(2.4281 ... 

16.094) 

0.524 (-1.227... 

2.552) 

 

0.918 (-0.935... 

3.089) 

EC-Earth  1.933 (1.854... 

2.015) 

-0.224 (-0.260... 

-0.179) 

NOT USED  0.866 (0.657... 

1.169) 

HadGem hist  1.592 (1.494... 

1.681) 

-0.156 (-0.197... 

-0.117) 

NOT USED  1.961 (1.602... 

2.469) 

Racmo (1950+)  2.188 (2.070... 

2.286) 

-0.293 (-0.331... 

-0.238) 

27.6 C  1.066 (0.668... 

1.548) 



W@H hist      29.6 C   

Linkoping 

Obs (up to 
19th July only) 
 
Obs 1950+ 

2.073 (1.650... 

2.359) 

-0.226 (-0.324... 

-0.082) 

20.070 

(8.4618 ... 

100.08) 

0.227 (-1.277... 

1.799) 

1.055 (-0.615... 

2.835) 

EC-Earth      NOT USED   

HadGem hist  1.759 (1.657... 

1.861) 

-0.125 (-0.179... 

-0.079) 

29.8 C  2.312 (1.966... 

2.916) 

Racmo (1950+)  2.155 (2.028... 

2.258) 

-0.263 (-0.290... 

-0.207) 

30.7 C  1.008 (0.536... 

1.456) 

W@H hist      36.6 C   

Finland: Jokioinen 

Obs 1957+   1.921 (1.428... 

2.211) 

-0.275 (-0.445... 

-0.098) 

17.663 

(4.9450 ... 

162.94) 

0.247 (-1.845... 

2.40) 

EC-Earth 1950+ 
 
All data-2018 
 

1.993 ( 1.869... 

2.071) 

-0.209 (-0.236... 

-0.157) 

28.5 C  1.028 (0.706... 

1.487) 

1.039 (0.772... 

1.251) 

HadGem hist  1.795 (1.678... 

1.897) 

-0.134 (0.181... 

-0.091) 

28.6 C  2.032 (1.785... 

2.952) 

Racmo   Too far north       

W@H hist      36.0 C   



Finland: Sodankyla 

Obs 1908+ 
Obs 1950+ 
(used “starting 
1950”) 

1.946 (1.520... 

2.215) 

-0.303 (-0.352... 

-0.119) 

7420 (70.908 

... 

0.18305E+07) 

0.362 (-1.118... 

1.858) 

EC-Earth 
 
 
1950+ 

2.075 (1.982... 

2.147) 

-0.265 (-0.284... 

-0.212) 

27 C (for 

rt=69; lower 

bound) 

1.317 (0.964... 

1.506) 

1.301 (1.021... 

1.764) 

HadGem hist  2.011 (1.881... 

2.082) 

-0.209 (-0.237... 

-0.155) 

27 C (for 

rt=75; lower 

bound) 

1.646 (0.998... 

2.154) 

Racmo (1950+)  Too far north       

W@H hist      34.8 C (for 

rt=192 yrs) 
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