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Figure6. Themaximumofwinter(DJF)dailyprecipitationaveragedovertheNorthernEngland/SouthernScotland,54–57◦ N,
6◦ W–2◦ W.Redindicatestheprobabilityofdailymeanprecipitationunderobservedclimateconditions,blueinthecounterfactual
simulations.

thedistributionaremade,noristhechangeinsofter
extremesrelatedtothechangeinlargerextremes.

Usingthedistributedcomputingframework
weather@home,largeensemblesofregionalclimate
modelsat50kmresolutionoverEuropeareavailable
forthelastdecade.Correspondingtothesesimula-
tionsofpossibleweatherinEuropeundercurrent
climateconditions(‘allforcings’),ensemblesofcoun-
terfactualsimulationsofpossibleweatherinaworld
asitmighthavebeenwithoutanthropogenicclimate
drivers(‘natural’) a r e r u n . A s w e a t h e r @ h o m e i s a n
atmosphere-onlymodellingframework,observedSSTs
arenecessarytodrivethemodel.SSTforthe‘natural’
simulationsisobtainedbysubtractingvariousestimates
ofthedifferencebetweenpreindustrialandpresent-day
conditionsfromCMIP5(Schalleretal2014).

Figure6showsthereturnperiodofthewintermax-
imumprecipitationaveragedoverthearea(54–57◦ N,
6◦ W–2◦ W)inthecombinedensemblesimulationsof
weather@home.Theresultsareremarkablysimilarto
thosefromthecoupledmodel,inspiteofslightlydif-
ferentdefinitionsofseasons.

Previousstudiesusingthesamemodelina
verysimilarregionhaveshown,however,thatthe
weather@homemodelintheregionisbiasedtowards
lowprecipitationvalues(Schalleretal 2016).Thisis
notunexpectedgiventhatforheavyprecipitationin
mountainous,oratleasthilly,terrainaresolutionunder
10kmwouldbeneededtosimulatethemechanisms
leadingtotheheaviestrainfall.Asbefore,weusethe
returnperiodcalculatedfromobservationsratherthan
themagnitudeoftheobservedevent.Thisleadstoa
morerealisticestimateofchangesinthelikelihoodof
theoccurrenceofaneventliketheoneobservedon
5 D e c e m b e r 2 0 1 5 , w h i c h i s o n t h e o r d e r o f a o n e i n
fiveyearevent.Intheweather@homeensemblesimu-
lations,thereturnperiodofaoneinfiveyeareventin

thecurrentclimatewouldhavebeenanapproximately
oneinten(6−18)yeareventina‘worldthatmighthave
been’ withoutanthropogenicclimatechange,increas-
ingthelikelihoodofsuchaneventtooccurbyafactor
of1.25to3.48.

Again,thequestionaddressedwiththeatmosphere-
onlylargeensemblemethodisslightlydifferentfrom
theothertwomethods.Hereweaskhowmuchthe
probabilityhaschangedgiventheinfluenceofpre-
scribedanthropogenicforcingsandtheobservedSST
patterns.Figure6 showsthedataforDecember–
February(DJF)2015/2016whiletheothermethods
investigatedalongerseason(October–February).The
bestestimateinthiscaseprovidesahigherincrease
inthelikelihoodofsuchaneventoccurringcom-
paredtotheoverallbestestimateof59%(calculated
asthegeometricmeanoverallmethodsconsidered)
andcomparedtothereal-timeestimateof40%.For
thereal-timeanalysis,anexperimentusing2014/2015
datawasused,suggestingthattheSSTsobservedat
thetimeplayedindeedanimportantrole.Thedif-
ferencesarehowevernotstatisticallysignificant.The
otherdifferenceisthatintheseexperimentsthenatu-
ralforcingsarekeptconstantbetweenthefactualand
counterfactualclimates,whereasintheobservations
andcoupledexperimentstheyvaryovertime.However,
theseforcingshaveasmallinfluence,asarguedinthe
introduction,sothattheresultsshouldbecomparable
betweenthedifferentmethods.

5.Monthlycontext

5.1.Observations
Inadditiontothedailydata,wealsoanalysethe
monthlyprecipitationhere.Thereisaverysignifi-
cantpositivetrendinaverageOctober–Februaryinthe
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