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PERSPECTIVE

Use of models and observations in event attribution
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Abstract
Research is pursuedworldwide that aims to determine if a particular observed extreme event has
becomemore or less likely due to climate change. A recent paper (King et al 2015Environ. Res. Lett. 10
054002) uses twomethods to quantify howmuchmore likely a record hot year inCentral England has
become.One of themethods is based largely on climatemodeling, the other on interpreting the
observed record. This is an important step towards improving the reliability of event attribution
results. Improved understanding and prediction of changes in extreme events is recognized as one of
the ‘grand challenges’ in climate research.

Extreme weather and climate events demonstrate the
vulnerability of society and ecosystems, and bring
climate change into the public’s interest far more than
changes in global mean temperature do. Hence
research that determines if a particular observed
extreme event has become more or less likely due to
climate change, and by how much, is pursued world-
wide (Peterson et al 2014).

However, quantifying how and why the frequency
and intensity of high impact events has changed is not
easy. Observations provide only limited realizations of
rare events, hence establishing their changing fre-
quency of occurrence is difficult, particularly for short
records. This requires careful application of statistics,
either estimating the shape of the tail of the distribu-
tion (Smith 1989) or statistically modeling record set-
ting events (Benestad 2003, Meehl et al 2009). Also,
variations in the frequency of extreme events occur for
many reasons, not just due to human influences. Use
of climate model data is an attractive alternative, as
much larger ensembles of events can be provided (e.g.,
Pall et al 2011, Otto et al 2012). The difference between
large ensembles of model simulations with and with-
out human influences allows to quantify how the
probability of an event has changed due to human
influences (see Stott et al 2004). However, this leaves
open the question if the climate model captures the
event in question as well as any changes in its ampli-
tude and occurrence probability. Hence each indivi-
dual event attribution approach is subject to
uncertainty, an uncertainty that is arguably larger than
when attributing recent mean climate change to

human and natural influences (see Bindoff et al 2013),
as the link between model results and data is less
direct.

King et al (2015) bring us a large step closer to
robust results by using two complementary methods
to estimate changes in the probability of anomalously
warm Central England annual temperatures, as has
occurred in 2014. The first method uses the multi-
model ensemble to estimate howmuch the probability
of a year hotter than 2006 has increased. The incidence
of anomalously warm years is then compared between
model simulations driven with natural forcings only,
and simulations of the early 21rst century driven with
all historical forcings, including greenhouse gas and
aerosol forcing. Structural deficiencies in a single
model are overcome by using multiple state-of-the art
climate models. The authors find that the probability
of an anomalously warm year in Central England is
much larger if including anthropogenic forcing than
in the historical runs with natural forcing only. The
complementary approach relies on the observed dis-
tribution of annual Central England temperatures,
assuming that the threshold for an unusual event
changes proportionally to greenhouse gas concentra-
tions in the atmosphere. The long Central England
time series then provides enough samples to fit a statis-
tical distribution to extreme events. Based on this fit-
ted distribution, the changing probability of annual
mean temperatures that exceed the 2006 record is
compared between the early 20th and early 21rst cen-
tury. Earlier studies have established that human influ-
ences have contributed to the warming of Central
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England over that period (Karoly and Stott 2006) and
support that it was human influences that shifted the
probability of a warm year. Using the more con-
servative result between both methods, the authors
estimate that this shift has increased the return time of
a year warmer than 2006 by at least a factor of 13 (90%
confidence). Both approaches yield similar results,
although the observational fit renders the event more
unusual during the early 20th century than ‘naturally’
forced climatemodel simulations do.

Anomalously warm years in Central England are a
stepping stone towards robust event attribution of
events that really matter. The Central England record
is an excellent test case, as the data show a detectible
response to radiative forcing. Its exceptional length
provides strong constraints on climate model simula-
tions of its variability (strong enough to reject several
models as unrealistic) and is the basis of a well con-
strained observed distribution. In most other regions
records are shorter, and the link of shorter-lived events
such as droughts, heavy rainfall, heat waves or cold
spells to climate change is more uncertain. In such a
situation, providing observational constraints on the
changing probability of extremes is both important
and challenging. Station data can provide an evalua-
tion of climate variability as simulated bymodels, even
if the observed record may not always be sufficient to
quantify the probability of rare extremes. Observa-
tions and reanalysis products document past circula-
tion and can be used to quantify how the intensity of
an event linked to a given synoptic situation has chan-
ged over time (e.g. Cattiaux et al 2010). Also, it is reas-
suring if events in models occur for the same synoptic
conditions as they do for observations (e.g. Pall
et al 2011, Krueger et al 2015). When aggregating
changes in the frequency and intensity of extreme
events on large or global scales, detection and attribu-
tion methods can determine the human contribution
to changes in extreme events on large scales and evalu-
ate model simulated change (see Bindoff et al 2013,
Fischer andKnutti 2014).

Physical understanding of changes in climate
dynamics as well as of local feedbacks that lead to
extreme events is key to reliably attributing changes in
extremes and an area of active research. The WCRP
grand challenge on climate extremes (http://wcrp-
climate.org/gc-extreme-events) aims to coordinate
work towards improved understanding and predic-
tion of changes in extreme events. It comprises four
focus activities: improving data availability for

observed extremes, understanding ofmechanisms and
feedbacks, attribution of extreme events, and improv-
ing simulations including model evaluation (Zhang
et al 2013). A collaborative effort by the community,
making the most of recent modeling advances and
confronting models with observations to the extent
possible will help to provide the robust attribution
information that society needs. The present paper is a
very useful step that gleans information on changing
probability of an extreme event both frommodels and
observations in order to overcome uncertainties in
individualmethods. I hope thatmorewill follow.

References

Benestad R 2003Howoften canwe expect a record event?Clim. Res.
25 3–13

BindoffN et al 2013Detection and attribution: from global to
regionalClimate Change, 2013. Contribution ofWorking
Group 1 to the Fifth Assessment report of the Intergovernmental
Panel on Climate Change ed T Stocker et al (Cambridge,
UnitedKingdom: CambridgeUniversity Press) p 867–952

Cattiaux J, Vautard R, CassouC, Yiou P,Masson-Delmotte V and
Codron F 2010Winter 2010 in Europe: a cold extreme in a
warming climateGeophys. Res. Lett. 37 L20704

Fischer E andKnutti R 2014Detection of spatially aggregated
changes in temperature and precipitation extremesGeophys.
Res. Lett. 41 547–54

Herring SC et al 2014 Explaining extreme events of 2013 from a
climate perspective. special supplement to theBull. Am.
Meteorol. Soc. 95 S1–96

KarolyD J and Stott PA 2006Anthropogenic warming of central
England temperatureAtmos. Sci. Lett. 7 81–5

KingA, vanOldenborghG J, KarolyD J, Lewis SC andCullenH
2015Attribution of the record high central England
temperature of 2014 to anthropogenic influencesEnviron.
Res. Lett. 10 054002

KruegerO,Hegerl GC andTett S F B 2015 Evaluation of
mechanisms of hot and cold days in climatemodels over
Central Europe Environ. Res. Lett. 10 014002

Meehl GA, Tebaldi C,WaltonG, EasterlingD andMcDaniel L 2009
Relative increase of record highmaximum temperatures
compared to record lowminimum temperatures in theUS
Geophys. Res. Lett. 36 L23701

Otto F E L,MasseyN, vanOldenborghG J, Jones RG andAllenMR
2012Reconciling two approaches to attribution of the 2010
Russian heat waveGeophys. Res. Lett. 39 L04702

Pall P et al 2011Anthropogenic greenhouse gas contribution toUK
autumnflood riskNature 470 382–5

Smith RL 1989 Extreme value analysis of environmental time series:
an application to trend detection in ground-level ozone Stat.
Sci. 4 367–93

Stott PA, StoneDA andAllenMR2004Human contribution to the
European heatwave of 2003Nature 432 610–4

ZhangX,Hegerl GC, Seneviratne S I, Stewart R, Zwiers F and
Alexander L 2013WCRPGrandChallenge: understanding
and PredictingWeather andClimate Extremes (http://wcrp-
climate.org/gdis-wkshp-2014-climate-extremes)

2

Environ. Res. Lett. 10 (2015) 071001 GCHegerl

http://wcrp-climate.org/gc-extreme-events
http://wcrp-climate.org/gc-extreme-events
http://dx.doi.org/10.3354/cr025003
http://dx.doi.org/10.3354/cr025003
http://dx.doi.org/10.3354/cr025003
http://dx.doi.org/10.1029/2010GL044613
http://dx.doi.org/10.1002/2013GL058499
http://dx.doi.org/10.1002/2013GL058499
http://dx.doi.org/10.1002/2013GL058499
http://dx.doi.org/10.1002/asl.136
http://dx.doi.org/10.1002/asl.136
http://dx.doi.org/10.1002/asl.136
http://dx.doi.org/10.1088/1748-9326/10/5/054002
http://dx.doi.org/10.1088/1748-9326/10/1/014002
http://dx.doi.org/10.1029/2009GL040736
http://dx.doi.org/10.1029/2011GL050422
http://dx.doi.org/10.1038/nature09762
http://dx.doi.org/10.1038/nature09762
http://dx.doi.org/10.1038/nature09762
http://dx.doi.org/10.1214/ss/1177012400
http://dx.doi.org/10.1214/ss/1177012400
http://dx.doi.org/10.1214/ss/1177012400
http://dx.doi.org/10.1038/nature03089
http://dx.doi.org/10.1038/nature03089
http://dx.doi.org/10.1038/nature03089
http://wcrp-climate.org/gdis-wkshp-2014-climate-extremes
http://wcrp-climate.org/gdis-wkshp-2014-climate-extremes

	References



