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We can ask how the risk of an extreme event occurring 
has changed due to human greenhouse gas emissions 



Results from the Autumn 2000 flood  

100% increase 
in risk 

Substantial, but uncertain, increase in risk 

Pall et al. 2011 



Not all events are being made more likely 

Kay et al, 2011 

40% decrease 
in risk 

A flood that didn’t happen – in Spring 2001  



Updated experiment set up for precipitation in the UK	
  

SST patterns of the world that might have been 

DJF	
  SST	
  response	
  paAern	
  to	
  anthropogenic	
  forcing	
  for	
  the	
  HadGEM2-­‐ES	
  (leT)	
  and	
  
IPSL-­‐CM5R-­‐MR	
  (right)	
  models	
  	
  	
  



The wettest winter ever observed in Oxford 



From precipitation to river flow 

10-­‐day	
  peak	
  river	
  flow	
  in	
  the	
  Thames	
  catchment	
  



FAR for river flow depending on the SST pattern 
removed   
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Return times for regime occupancy  



Interpretation of PEA results is not straight forward 

Image:	
  nasa.gov	
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From meteorology to impacts 



Heat wave and drought in Serbia 2012 

Sippel	
  and	
  OAo,	
  2014	
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Heat wave and drought in Serbia 2012 
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Figure 18-3: Global patterns of observed climate change impacts. Each colored symbol in the top panels indicates a class of systems for which climate change 
has played a major role in observed changes in at least one measure of that class across the respective region, and the range of confidence in attribution. 
Regional-scale impacts where climate change has played a minor role are shown by colored open symbols in a box in the respective region. Localized impacts 
are indicated with symbols on the map, placed in the approximate area of their occurrence. Impacts on physical (blue), biological (green) and human (red) 
systems are differentiated by color. This map represents a graphical synthesis of tables 18-5, 18-6, 18-7, 18-8 and 18-9. 



Attribution of impacts 

390 Climatic Change (2013) 121:381–395

4.3 Methodological approaches

There have been a large number of terms used within the D&A of impacts literature
to classify different types of methodological approaches to attribution (e.g. Hegerl
et al. 2010; Rosenzweig et al. 2007; Stone et al. 2009), with little standardization across
disciplines. With concern over how a large taxonomy may lead to confusion, Hegerl
et al. (2010) proposed a small harmonised set of categories.

The major distinction is between single-step and multi-step approaches (Fig. 2).
The single-step approach uses a single modelling setup to relate changes in drivers
to changes in some aspect of a climate, natural, or human system. A multi-step
approach, on the other hand, links separate single-step approaches into an overall
attribution assessment. For instance, one single-step analysis may relate the retreat
of a particular European glacier to local summer warming, while another single-step
analysis might relate annual warming over Europe to anthropogenic emissions. A
multi-step analysis would combine these two studies into an assessment of the impact
of anthropogenic emissions on that glacier. By contrast, a single-step approach for
the full assessment would have used a modelling setup that had a glacial model
responding directly to the local high-frequency output of a climate model driven

Fig. 2 Schematic of the procedures behind single-step and multi-step (here two-step) approaches to
attribution for the case study of an ecological system.
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Different ways to bias correct 
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Relating the model to observations 
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  nasa.gov	
  

10 12 14 16 18 20 22 24 26 28 30
0

0.05

0.1

0.15

0.2

0.25

all	
  forcings	
  2014	
  

natural	
  2014	
  

all	
  forcings	
  1985-­‐2013	
  

observaFons	
  1985-­‐2013	
  



4-day precipitation Elbe catchment 2013 
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Multi-step attribution for Russian heatwave 2010 

publicly volunteered distributed computing [Allen, 1999;
Massey et al., 2006].

2. Methodology and Results

[7] The area of the Russian heat wave is roughly encom-
passed by the region 50°–60°N, 35°–55° E, as D11 used.
The daily mean temperature anomaly over this region in the
GISTEMP 1200 dataset [Hansen et al., 2010] is shown in
Figure 1. To analyze the possibility of attributing the heat
wave of 2010 in that region, the frequency of occurrence of
an event of this magnitude is of central interest. We first
analyze observed data to assess if the distribution shifts due
to the existence of a trend. However, to account for a change
in the return time of rare events large ensembles are required,
so our main analysis is based on a large GCM ensemble.
2.1. Empirical Analysis
[8] Assuming a stationary climate with no rise in yearly

mean temperature, the observed monthly mean temperatures
for July 2010 would be very improbable in relation to the
distribution defined over 1950–2009. A Generalized Pareto
Distribution (GPD) fit over the 20% highest values defines a
distribution in which the return time of the value observed in
July 2010 is about 1000 years, with a lower bound of the
95% confidence interval of about 250 years (estimated with
a non-parametric bootstrap method). Without a warming
trend the 2010 heat wave would have been a very unusual
event.
[9] D11 show that there is no significant long-term

regional temperature trend in July mean temperatures over
the 130-year period 1880–2009 using long-term linear trend
analysis, or significant difference in mean temperatures
between the first and second 65-year periods of this record.
We employ a non-linear trend and use a more sensitive
measure, the regression on the global mean temperature,
smoothed with a 3-year running mean to decrease the effects
of ENSO as by van Oldenborgh [2007] and van Oldenborgh
et al. [2009]. We also restrict ourselves to observations after
1950, which are deemed more reliable with the spatial
homogeneity of station data trends much improved since
1950 and possible discontinuities in data prior to 1950 due to
relocation of stations from city centres to airports. RC11
showed furthermore that the recent decades are the relevant
years with respect to a regional trend. This gives a rise in

temperature from 1950 to 2009 of 1.9 ! 0.8 times the global
mean rise in the GISTEMP-1200 dataset [Hansen et al.,
2010]. The trend is significant at p < 0.02. Figure 1 shows
the result of this analysis in the observed temperatures over
Western Russia and the global temperatures multiplied by
the best-fit regression coefficient. The trend is also compa-
rable with the warming rate in surrounding areas to the West
and South and in the months of June and August. Single-
month trends are by definition very noisy, but given the
global warming trend and modeling results the values of
2010 and 2011 confirm the interpretation of a background
trend obscured by natural variability rather than evidence for
no trend.
[10] The increase in temperature is much smaller than the

anomalies observed during the heat wave, yet the trend has
increased the probability of a heat wave as large as observed
in 2010 considerably. Under the assumption that the proba-
bility density function (PDF) has not changed in shape but
just shifted to higher values, the return time for the 2010 July
temperature is estimated to be 250 years, with a lower
boundary of the 95% confidence interval of about 90 years
when taking the trend estimated over 1950–2009 into
account. The probability of a heat wave of this magnitude
is thus increased by a factor of three to four compared to a
stationary climate by taking the trend prior to the event
into account. Considering that the area covers less than
1% of the land area of the world and was chosen a pos-
teriori, a 1/250-year event could occur every few years
somewhere on the globe. Hence modeling is needed to
confirm the result.

2.2. Modelling Analysis
[11] To create an ensemble large enough to be able to

assess the fraction of risk of the heat wave which is attrib-
utable to external forcing, we use the global circulation
model HadAM3P. This is an atmosphere only general cir-
culation model with N96 resolution, (1.25 " 1.875 degrees
resolution, 19 levels), with 15 minute time steps for
dynamics. HadAM3P is based on the atmospheric compo-
nent of the Hadley Centre GCM HadCM3 [Pope et al.,
2000; Gordon et al., 2000], but with some major differ-
ences in the parameterizations [Jones et al., 2004]. Weath-
erathome uses the sea surface temperatures and sea ice
extent compiled in the HadISST data set described by

Figure 1. Modeled and observed temperature anomalies averaged over 50°–60°N, 35°–55°E. Also shown is the smoothed
global mean temperature multiplied by the regression coefficient of Western Russian temperatures. The reference period is
1950–2009 for observed data and 1960–2009 for the model.
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Change in return-time of 2010 temperatures 

associated with 1950-2009 global trends 

  Return-time of 2010 

event versus mean 
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  Return-time after 
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Figure 1: Regression of local temperature on global mean temperature (GISS) in July. Areas
with p < 0.1 are denoted with lighter colours.

Figure 2: Return time of the July 2010 temperatures in the context of the PDF of the tem-
peratures in 1948–2009 assuming a stationary distribution (left) and adjusting for a trend
linearly proportional to the global mean temperature (right).
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Figure 2: Return time of the July 2010 temperatures in the context of the PDF of the tem-
peratures in 1948–2009 assuming a stationary distribution (left) and adjusting for a trend
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Reconciling two approaches for attributing the 
Russian heat wave 

Image:	
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Framing the question 
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