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The	context	for	this	talk	
•  Extensive reporting in the media on extreme events 

–  Google News searches of Canadian new publications for the past 
year find  

•  55,300 items that refer to “extreme weather”  
•  17,500 items that refer to “drought”  
•  31,400 items that refer to “floods” 

–  Similar searches for 2006 yield very small numbers  
•  Public perception is that frequency and intensity is 

increasing 
•  Growing economic impact of extreme events, which we 

are experiencing via increases in insurance premiums 
•  Growing concern that is expressed by the insurance 

industry, for example, via annual reporting by Munich Re 
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Geophysical events 
(Earthquake, tsunami, volcanic activity) 

Meteorological events  
(Tropical storm, extratropical storm,  
convective storm, local storm) 

Hydrological events 
(Flood, mass movement) 

Loss events 

Climatological events 
(Extreme temperature, drought, wildfire) 

Selection of catastrophes 
Overall losses ≥ US$ 1,500m 

NatCatSERVICE 

Loss events worldwide 2014  
Geographical overview 
 
 

© 2015 Münchener Rückversicherungs-Gesellschaft, Geo Risks Research, NatCatSERVICE – As at January 2015 

Drought 
Brazil, 2014 

Winter damage 
Japan, 7–16 Feb 

Winter damage  
USA, Canada, 5–8 Jan 

Drought 
USA, 2014 

Earthquake 
China, 3 Aug 

Floods 
India, Pakistan, 
3–15 Sep 

Floods 
United Kingdom, 
Dec 2013–Feb 2014 

Severe storms 
France, Belgium, 
Germany, 
7–10 Jun 

Flash floods 
USA,11–13 Aug 

Cyclone Hudhud 
India,  
11–13 Oct 

Severe storms 
USA, 18–23 May 

Severe storms 
USA, 2–4 Apr 

Severe storms 
USA, 27 Apr–1 May 

Severe storms 
USA, 3–5 Jun 

Typhoon Rammasun 
China, Philippines, Vietnam,  
11–22 Jul 

Source: Munich Re, NatCatSERVICE, 2015 

Hurricane Odile 
Mexico, 11–17 Sep 

980 
Loss events 

Typhoon Kalmaegi 
China, Philippines, Vietnam, 
12–20 Sep 

Floods 
Bosnia and Herzegovina,  
Serbia, Croatia, Romania, 
13–30 May 

890 loss 
events in 

2013 

The 5 largest losses in 2013 were Calgary ($5.7B), hurricanes Manuel 
and Ingrid in Mexico ($5.8B), earthquakes in China ($6.8B), typhoon 
Haiyan ($10B), floods in western and eastern Europe ($15.2B) 
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Financial Losses   
 

Billions of US$ 
Inflation adjusted 
 

Overall 
Insured 
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Overall losses and insured losses 1980–2013 (in US$ bn)
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  Overall losses  
(2013 values)*

  Of which insured losses  
(2013 values)*

 Trend: Overall losses

 Trend: Insured losses

  Source: Munich Re

*  Values adjusted for inflation using 
the Consumer Price Index (CPI) of 
each country. 

1980 1985 1990 1995 2000 2005 2010

is now based on country-specific 
threshold values. This means that 
events can now be compared more 
objectively with each other, irrespec-
tive of specific developments in indi-
vidual countries.

Fatalities

Two natural catastrophes alone 
accounted for 56% of the 20,500 
fatalities across the world. In June, 
heavy monsoon rain triggered 
de structive flash floods and wide-
spread flooding in India, causing the 
deaths of 5,500 people. In November, 
Typhoon Haiyan hit the Philippines, 
China and Vietnam. The Philippine 
islands of Leyte and Samar were dev-
astated and over 6,200 people lost 
their lives. 

Two heatwaves were also among  
the most deadly events of 2013. 
Between April and June, over 550 
died in India as a result of the heat. In 
July, temperatures in the UK rose to 
over 33.5°C for several days; the 
deaths of 760 people were linked to 
the hot weather. The death toll in 
Pakistan following an earthquake 
reached approximately 400 and a 
further quake in the Philippines cost 
the lives of over 200 people. 

Losses

A breakdown of the aggregate losses 
of US$ 135bn between the four main 
perils reveals some substantial devi-
ations from the long-term average. 
49% of aggregate losses in 2013 
were attributable to windstorms 
(1980–2012: 40%) and 37% to floods 
(1980–2012: 22%). Asia accounted 
for almost half of all overall economic 
losses in 2013. Chief among the 
causes of these losses were Typhoons 
Haiyan and Fitow as well as earth-
quakes, floods and droughts in 
China. 

The events producing the greatest 
economic losses in 2013 were the 
floods in May and June in central  
and eastern Europe, which cost  
US$ 15bn, followed by Typhoon Hai-
yan in Southeast Asia in November, 
which cost more than US$ 10bn. The 
earthquake in China in April caused 
losses of US$ 6.8bn, the floods in 

Canada in June cost US$ 5.7bn and 
Typhoon Fitow, which hit China and 
Japan in October, caused damage 
totalling US$ 5bn.

The insured losses of US$ 35bn  
were caused primarily by floods and 
hail in central Europe and by severe 
thunderstorms and floods in North 
America. The hailstorms in Germany 
were the costliest event for the insur-
ance industry worldwide, with a total 
claims bill of US$ 3.7bn. 

>>  The latest analyses, charts, and 
 statistics are available as free 
 downloads from the Touch Natural 
 Hazards section of our website:  
www.munichre.com/touch

OUR EXPERT 

Petra Löw is a specialist in the field  
of natural catastrophes and trend 
analyses. She is a NatCatSERVICE 
consultant in Geo Risks Research/
Corporate Climate Centre. 
ploew@munichre.com
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Number of loss events 1980–2013
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  Geophysical events: 
Earthquake, tsunami,  
volcanic eruption

  Meteorological events:  
Tropical storm, extratropical 
storm, convective storm, 
local storm

  Hydrological events:  
Flooding, mass movement

  Climatological events: 
Extreme temperatures, 
drought, wildfire

 Source: Munich Re
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Events: 890
Percentage distribution worldwide

Fatalities: 20,500
Percentage distribution worldwide

 
Overall losses: US$ 135bn
Percentage distribution worldwide

Insured losses: US$ 35bn
Percentage distribution worldwide

The year in  
figures
Petra Löw

In 2013, the NatCatSERVICE regis-
tered 890 loss events worldwide  
with overall losses of US$ 135bn and 
insured losses of US$ 35bn. These 
figures mean that 2013, like 2012, 
can be described as a relatively mod-
erate year. The number of events in 
2013 was lower than in 2012 (920) 
but still exceeded the ten-year (790) 
and 30-year (630) average. 

Aggregate losses suffered by econo-
mies across the world as a result of 
natural catastrophes were well below 
the ten-year average and also failed 
to approach the US$ 175bn of the 
previous year. Insured losses were at 
the same level as in the last ten years 
but also remained below 2012 figures. 

At about 20,500, the number of fatal-
ities was twice that of 2012 but still 
well below the ten-year average of 
over 100,000.

Number of events

Of the total of 890 loss events, 90% 
fell into the category of weather-
related natural catastrophes and 10% 
were of a geophysical nature. There 
was also an extraterrestrial event in 
the form of a meteorite strike in Rus-
sia. The percentage distribution of 
the main perils within the geophysi-
cal, meteorological, hydrological and 
climatological fields is roughly in line 
with the average of the past 30 years, 
albeit with slight deviations. Events 
such as heatwaves, cold spells, 
droughts and forest fires were less 
frequent at 9% (instead of 13%), as 
were geophysical events with 10% 
(instead of 13%). However, the figures 
for windstorms and floods were 
slightly higher at 5% and 2% respec-
tively. 

An examination of the distribution of 
loss events by continent reveals that 
America, Africa and Australia all 
maintained their long-term average, 
with figures of 32% for America and 
8% each for the other two. On the 
other hand, Europe experienced 6% 
fewer loss events while Asia re -
corded a plus of 5%. 

The Munich Re NatCatSERVICE 
database subdivides the events of  
a year into catastrophe categories 
according to their monetary and 
humanitarian impact. We extensively 
revised this categorisation in 2013. 
The previous six-level classification 
has been reduced to four levels and 

10%
44%
37%
9%

5%
38%
49%
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49%
37%
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71%
27%
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Number of events 
 
 

Geophysical 
Meteorological (storms) 
Hydrologic (flooding, 

mass movements) 
Climatological 

(temperature 
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More	context:	the	Calgary	flood,	2013		

Flood waters rush by the Okotoks 32nd Street bridge, June 20, 2013, courtesy Stephanie N. Jones 

•  100,000 displaced, 5 deaths 
•  Costliest disaster event in Canadian history 
•  Estimated $5.7B USD loss ($1.65B USD insured) 
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Calgary	flood,	2013		

The Centre Street Bridge in Calgary (June 21, 2013), courtesy Ryan L.C. Quan 
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Calgary	flood,	2013		

Calgary East Village (June 25, 2013), courtesy Ryan L.C. Quan 
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The	Calgary	Flood	in	the	Media	
•  Public discourse often quickly makes the link to 

climate change (e.g., Maclean’s, Alberta flooding 
sets records, prompts calls for action on climate 
change, 24 June 2013) 

•  The majority of Canadians believe that climate 
change is to blame (Toronto Star, 24 July 2013) 

•  Even if we can’t attribute cause, we as scientists 
point to the similarity between recent events and 
projected change (eg, CBC News, Calgary floods 
spotlight cities’ costly failure to plan for climate 
change, 28 July 2013) 



9 Photo: F. Zwiers (Happy Isle Lake, Algonquin Park) 

Outline	

•  Introduction and context 
•  What is event attribution? 
•  How is it done? 
•  Framing affects the answer 
•  US National Academies of 

Science Report 
•  Conclusions 
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What	is	“event	aAribuDon”?	

Photo: F. Zwiers (Happy Isle Lake, Algonquin Park) 
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Event	AAribuDon	…	
•  Is what reporters, officials and the public ask us 

to do immediately after (or during) an event 
•  The usual question (did climate change cause 

this event) is not well posed 
•  Might ask 

–  Did climate change increase the intensity? 
–  Was the event more likely to happen because the 

climate had changed? 
•  We can aim to respond on three time scales 

–  Immediately 
–  Within the media cycle (maximum 1-2 weeks) 
–  Research time scale 
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Event	aAribuDon	
•  How we respond is important because (we might 

suspect that) adaptation decisions are still most 
often taken in the wake of damaging events 

•  A key new paper is Hannart et al (2016a) – 
Causal counterfactual theory for the attribution of 
weather and climate-related events 
–  Distinguishes between “necessary” and “sufficient” 
–  Could be a high likelihood that anthropogenic climate 

change was necessary for the event to occur, but a 
small likelihood that it was sufficient to cause the event 

•  Adaptation needs to account for all possible 
causes (sufficiency), but event attribution focuses 
on who/what is to blame (necessity) 
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Two	key	numbers	
•  Many event attribution studies focus on the 

“Fraction of Attributable Risk” (Allen, 2003) 

 

•  Under suitable conditions 

•  Hannart et al (2016) also show that   

  

FAR = p1 − p0
p1

=1− p0
p1

p1 = Prob of event in factual world 
p0 = Prob of event in “counterfactual” world 

PN = Pr{necessary causation} = FAR

PS= Pr{sufficient causation} =1− 1− p1

1− p0

Note that PS ≈ p1  when p0 ≈ 0 and p1≫ p0
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How	is	“event	aAribuDon”	done?	

Photo: F. Zwiers (Wood Duck, King’s Pond, Victoria, BC) 
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China’s	Summer	of	2013	

Photo: F. Zwiers (Lijiang – Black Dragon Pool) 
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Eastern China is densely observed 
 

• 1749 stations (1955 onwards) 
• JJA mean temperature increased 

0.82°C over 1955-2013 
•  records were broken at more 

than 45% of stations in JJA 2013 

JJA mean temperature in Eastern China	
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Sun et al, Nature Climate Change, 2014 



17 

The multi-model ensemble mean (ALL forcing) 
well simulates the observed temperature record. 	

Observed and simulated JJA mean 
temperature in Eastern China (1955-2012)	

125 (26) 
49 (12) 

Anomalies relative to 1955-1984 

Sun et al, Nature Climate Change, 2014 
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•  ALL forcing à 0.82°C (0.57°C, 1.07°C)  
•  NAT forcing à 0.03°C (-0.00°C, 0.07°C)  
•  Urban warming may be responsible for part of the “ALL” 

attributed warming - possibly 0.21°C (0.16°C, 0.26°C) 

DetecDon	and	aAribuDon	results	for	
change	JJA	climate	over	1955-2012 

NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE2410 LETTERS
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Figure 3 | Scaling factors and attributable warming. Best estimates of the
scaling factors and their 5–95% uncertainty ranges (left) and corresponding
attributable warming and their 5–95% uncertainty ranges (right) from
one-signal (ALL) and two-signal analyses (ANT and NAT) of Eastern China
5-year mean summer (June–August) temperatures for 1955–2012. In the
one-signal analysis, the observed temperature is regressed onto the
multi-model mean responses to ALL forcing. In the two-signal analyses, the
observed temperature is regressed onto the multi-model mean temperature
response to NAT and ANT (di�erence between responses to ALL and NAT
from available simulations) simultaneously. Attributable warming is
estimated as the linear least-square trends of the relevant time series
multiplied by corresponding scaling factors. OBS represents the linear
least-square estimate of the trend from the observation for 1955–2012.

temperature anomalies at or above 1.1 �C in the control simulations
and in the reconstructed observations averaged over the 59-year
period are 0.37% and 3.48%, respectively. The corresponding
90% confidence intervals are estimated to be 0.29%–0.44%
and 1.51%–6.90%, respectively (Supplementary Information). We
estimate therefore that the observed record high 2013 summer
temperature would be roughly a once-in-270-year event (90%
confidence interval 227–344 years) in the unperturbed world and
that it was a once-in-29-year event (90% confidence interval 15–66
years) averaged over the 59-year observed record for 1955–2013.
However, the background climate appropriate to 2013 is very likely
warmer than the average for 1955–2013; thus, as we discuss next,
the current expected waiting time between extreme heat events
such as that of summer 2013 is much less than 29 years. We
extend the reconstructed observations to the future by adding
observationally constrained future projections19 to pre-industrial
control simulations where the constraint is imposed by multiplying
the multi-model mean responses under the RCP4.5 and RCP8.5
emission scenarioswith the anthropogenic forcings response scaling
factor obtained from our two-signal analyses. In doing so, we
assume no changes in future interannual variability, and that the
scaling factor based on historical observations and the historical
combination of anthropogenic forcings remains appropriate for
future combinations of anthropogenic forcings, in which aerosols
are a less important factor. The result shows a very grim future
for the region in terms of the frequency of hot summers such as
that of 2013. We count the number of times temperature anomalies
exceed 1.1 �C within the 308 reconstructed observations or future
projections in individual years from 1955 to 2072 and find rapid
increases in event frequency (Fig. 4). Event frequency is about 23%
(90% confidence interval 8%–49%) for year 2013, corresponding
to an expected event recurrence time in 2013 of 4.3 years (90%
confidence interval 2.0–12.5 years), a more than 60-fold increase
from the natural state of the climate. This frequency increases to
50% by 2022 under RCP8.5 and by 2024 under RCP4.5. We also
examined the frequency for the five hottest summers occurring
in any given period of 13 or fewer consecutive years over a
59-year period in the control simulations and in the reconstructed
observations. We find that the probability of a clustering of the
five hottest years within a 13-year period or less is only 2.0% in
the control simulation, whereas it reaches 32% in the reconstructed
observations, with most of the occurrences near the end of series
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Figure 4 | Frequency of extreme hot summer recurrence. Time evolution of
the frequency of summer temperature anomalies above 1.1 �C, relative to
the 1955–1984 mean, in the reconstructed observations (1955–2013) and in
the observationally constrained projections (2014–2072) under RCP4.5
(plus) and RCP8.5 (cross) emission scenarios (left-hand scale). The solid
smooth curves are LOESS (local regression) fitting. The dashed curves
represent projected ensemble mean temperature changes under the
relevant emission scenarios (right-hand scale) and are shown here for
reference. Results for RCP4.5 and RCP8.5 are represented by red and
green, respectively.

due to the strong human-induced warming trend. This is a
16-fold increase.

Urbanization associated with rapid economic development is
known to have enhanced the Chinese temperature trend20–22. This
e�ect may have contributed approximately 0.2 �C to the summer
temperature warming in Eastern China (Supplementary Figs 7
and 8). Removing this e�ect from the observations and repeating
the above analyses reduces the best estimate of attributable warming
to anthropogenic forcing to 0.62 �C (Supplementary Fig. 9). The
combined e�ect of urbanization and anthropogenic influence to
the climate system is estimated to have a similar impact on the
recurrence of 2013-like summer heat in the past and the projected
future (Supplementary Fig. 10).

Our results indicate that the increasing frequency of extreme
summer heat in Eastern China is primarily attributable to the an-
thropogenic emission of greenhouse gases, with rapid urbanization
leading to the expansion of urban heat islands contributing as a sec-
ondary factor. Human influence has produced a very large increase
in the probability of clustering of extremely hot summers in the
twenty-first century and of long-lasting severe heatwaves such as
that of 2013. Extreme summer heat at the magnitude experienced
in 2013 is not a rare event when considered relative to the climate
appropriate to 2013; heat of this magnitude is estimated to be a
once-in-29-year event averaged over the 1955–2013 climates, with a
much lower frequency of occurrence at the beginning of the period,
rising to a once-in-4.3-year event in 2013. In contrast, such an
event is estimated to have been a once-in-270-year event under pre-
industrial conditions. Given the warming to which we are already
committed23, such summer heat is projected to become much more
frequent in the near future, regardless of future emission scenarios
even assuming, as we have done, that further urban development
will not contribute additionally to projected temperature changes
from external forcing on the climate system. It is projected that, by
2024, at least 50%of summerswill be as hot as the 2013 summer. The
increase in summer heat would inevitably lead to more widespread,
long-lasting and severe heatwaves in the region. The increase in
summer heat, combined with the region’s rising population and

NATURE CLIMATE CHANGE | ADVANCE ONLINE PUBLICATION | www.nature.com/natureclimatechange 3
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How rare was JJA of 2013?	
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 The 5 hottest summers have all 
occurred since 2000 

(2013, 2007, 2000, 2010 and 2011)	
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°C Sun et al, Nature Climate Change, 2014 

•  1.1°C ≈ 3.5 SD above the 1955-1984 mean 
•  ANT forcing contributed ~2.6 SD 

•  Estimated event frequency 
•  once in 270-years in control simulations  
•  once in 29-years in “reconstructed” observations 
•  once in 4.3 years relative to the climate of 2013 

•  PN=FAR≈0.984,   PS≈0.23   
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Calgary	flood,	2013		

Looking towards downtown Calgary from Riverfront Avenue (June 21, 2013), courtesy Ryan L.C. Quan 
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Calgary	floods	(Teufel	et	al,	submiAed)	

 

 46 

 

 

Figure 13. Return times of (a) average May-June evapotranspiration over the northern 

Great Plains, (b) maximum 1-day and (c) 3-day May-June precipitation over southern 

Alberta, in present-day (red) and pre-industrial ensembles (blue). Gray horizontal 

lines show (a) average evapotranspiration during the 14-21 June period, (b) average 

precipitation on 20 June and (c) average precipitation during the 19-21 June period, 

for the members of the CRCM5_Ref ensemble. Black dashed lines show (b) average 

precipitation across the region on 20 June and (c) average precipitation during the 19-

21 June period, as estimated from CaPA.  
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Magnitude increases ~10% 

Southern Alberta MJ max 1-day precip 

FAR=PN≈0.5 
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Calgary	floods	(Teufel	et	al,	submiAed)	

Distribution of 
annual May-June 
maximum 1-day 
Bow River Basin 
precipitation in 
CRCM5 under 
factual and counter-
factual conditions 
(conditional on 
prevailing global 
pattern of SST 
anomalies) 
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Figure 14. Return times of maximum 1-day (left) and 3-day (right) May-June 

precipitation (top) and surface runoff (bottom) in present-day (red) and pre-industrial 

ensembles (blue), over the western BRB. Gray horizontal lines show the average 

precipitation (top) and average surface runoff (bottom) over this region on 20 June 

(left) and during the 19-21 June period (right) for the members of the CRCM5_Ref 

ensemble. Black dashed lines show the average precipitation over this region on 20 

June (top left) and during the 19-21 June period (top right), as estimated from CaPA. 
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23 Photo: F. Zwiers (Emlyn Cove) 

“Framing”	affects	the	answer	
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What	is	framing?	
•  How the question is posed 

–  For example, how detailed is 
the question? 

–  The first “event attribution” 
study (Stott et al., 2004) was 
motivated by the 2003 
European heat wave  

–  The exact definition of the 
evident (duration and spatial 
extent) is unclear, and thus the 
study was focused on mean 
summer conditions across a 
large region encompassing the 
Mediterranean and southern 
Europe 

 

20 July – 20 Aug 2003 vs the same period 
averaged over 2000-2004 excluding 2003 

Courtesy Reto Stockli and Robert Simmon (NASA/Wikipedia) 

Figure 1, Stott et al., 2004 

JJA temperature anomalies relative to 1961-1990 
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What	is	framing?	
•  Which question is posed 

(frequency vs intensity) 
–  Two studies of the Russian 

2010 heat wave (mid-June 
to mid-August) came to 
conflicting conclusions 

–  One focused on intensity 
(found little human influence)  

–  The other focused on 
frequency (found a large 
human influence) 

–  Answering both questions 
avoids confusion, and 
answers questions posed by 
different users 

[8] The nature of this heat wave and its origins were inti-
mately tied to the upper‐level atmospheric flow. The 500 hPa
July flow (Figure 2, top) was characterized by a classic
“omega” blocking pattern [Dole and Gordon, 1983]. The
highest July 2010 surface temperature anomalies (Figure 2,
middle top) occurred near the center of the block, where
northward displaced subtropical air, descending air motions
and reduced cloudiness all contributed to abnormally warm
surface temperatures. Severe drought occurred with the
Russian heat wave, making it likely that land surface feed-
backs amplified this heat wave’s intensity, as has been
observed in prior severe droughts [Atlas et al., 1993; Fischer
et al., 2007]. To the east of the heat wave region, anomalously

cool temperatures occurred in conjunction with an upper level
trough and southward transport of polar air.
[9] Russia is climatologically disposed toward blocking

events during summer [Tyrlis and Hoskins, 2007], and many
of its prior July heat waves were associated with blocks.
Consistent with this, a composite analysis of the aver-
age temperature anomalies and 500 hPa heights associated
with the ten largest prior heat waves in this region since 1880
shows patterns similar to 2010 (cf. Figures 2, top and 2,
middle top and Figures 2, middle bottom and 2, bottom),
although features are weaker as expected from such a com-
posite analysis. The distance between centers of the temper-
ature anomalies is comparable to the scale for stationary
upper‐air Rossby waves [Held, 1983], consistent with the
role of atmospheric dynamical processes in accounting for
the persistence of this pattern.
[10] We have diagnosed additional model simulations

forced by observed boundary conditions for this period to
assess whether those may have produced a forced response
consistent with the blocking pattern and associated heat wave.

Figure 2. Observed climate conditions for July 2010 and
for the 10 warmest western Russia July temperatures since
1880. (top) NCEP/NCAR Reanalysis 500 hPa height (con-
tour, contour interval: 100 m), anomalies (shading), and wind
vector anomalies (arrows, m s−1) for July 2010. Anomalies
are relative to the 1948–2009 climatology. (middle top)
Observed surface air temperature anomalies for July 2010
(base period is 1880–2009) from the NOAA merged land
air and sea surface temperature data set. (middle bottom and
bottom) As in Figures 2 (top) and 2 (middle top) but for com-
posite of the ten warmest July monthly means over western
Russia during the period 1880–2009. The Twentieth Century
Reanalysis are the data source of 500 hPa heights [Compo
et al., 2011].

Figure 3. July 2010 climate conditions simulated with
GFDL AM2.1. (top) The 50 member ensemble mean of
500 hPa height (contour, contour interval: 100 m), anomalies
(shading), and wind vector anomalies (arrows). (middle top)
Ensemble‐mean surface temperature anomalies. (middle
bottom and bottom) As in Figures 3 (top) and 3 (middle top),
but for a single model run selected from the ensemble.

DOLE ET AL.: THE 2010 RUSSIAN HEAT WAVE L06702L06702
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July 2010 mean surface temperature 
anomaly relative to 1880-2009 

“Factual” and “Counterfactual” Russian 
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What	is	framing?	
•  What factors are controlled in the analysis 

–  Statisticians call this “conditioning” 
–  Two distributions of event magnitude could be 

calculated taking the presence or absence of 
anthropogenic forcing into account 

–  Or the calculations could take additional factors into 
consideration as well, such as the prevailing pattern of 
SST anomalies 

 

f (Tt | ANTt + NATt ) vs f (Tt | NATt )
“Factual” “Counterfactual” 

f (Tt | ANTt + NATt,SSTAt ) vs f (Tt | NATt,SSTAt )
“Factual” “Counterfactual” 
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What	is	framing?	
•  Many studies condition on SST anomalies 

–  Restricting a source of variability may improve signal-
to-noise ratios 

–  Specifying the state of the sea surface allows the use 
of atmospheric, rather than coupled models 

•  Cheaper 
•  Can sometimes use 1000’s or 10000’s of simulations  
•  One approach is to use personal computers volunteered 

by the public via the 
weather@home/climateprediction.net system 

•  Conditioning may add uncertainties 
–  Need to estimate the counterfactual SST base state 
–  Likelihood of the SSTA pattern may change 
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US	Na1onal	Academies	of	Science		
Report	on	Extreme	Event	A-ribu1on	

Photo: F. Zwiers (Marsh Wren) 
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•  Event attribution is more reliable when based on: 
–  sound physical principles 
–  consistent evidence from observations 
–  numerical models that can replicate the event  

Some	Events	are	More		
A-ributable	than	Others	
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•  Confidence is greatest for those 
extreme events that are related to 
an aspect of temperature 
–  Highest for extreme heat and 

cold events 
–  Followed by hydrological 

drought and heavy precipitation 
–  Little or no confidence in the 

attribution of severe convective 
storms and extratropical 
cyclones 

Some	Events	are	More		
A-ributable	than	Others	
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� = high 

� = medium 

� = low 

Capabilities of 

Climate Models 

to Simulate 

Event Class  

Quality/Length 

of the 

Observational 

Record  

Understanding of 

Physical 

Mechanisms that 

Lead to Changes in 

Extremes as a Result 

of Climate Change 

Extreme cold events �	 �	 �	

Extreme heat events �	 �	 �	

Droughts �	 �	 �	

Extreme rainfall �	 �	 �	

Extreme snow / ice storms �	 �	 �	

Tropical cyclones �	 �	 �	

Extratropical cyclones �	 �	 �	

Wildfires �	 �	 �	

Severe convective storms �	 �	 �	
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•  Events that have been 
selected for attribution 
studies are not a 
representative sample 

•  Attribution studies of 
individual events should 
not be used to draw 
general conclusions about 
the impact of climate 
change on extreme 
events as a whole 

			Selec1on	Bias	
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•  Systematic criteria for 
selecting the events to 
be studied  
–  minimize selection bias  
–  permit systematic 

evaluation of attribution 
performance 

Improving	Extreme	Event		
A-ribu1on	Capabili1es	

•  Transparent, community standards for attributing 
classes of extreme events 
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•  Model characteristics required to reproduce 
extreme events of different types and scales 

•  Changes in natural variability and the interplay 
with climate change 

•  Sources of uncertainty from using models in event 
attribution  

•  Influence of conditioning  
on study results  

•  Long homogeneous  
observation records 

Research	to	Improve		
Event	A-ribu1on	Capabili1es	
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•  Some future event attribution activities could benefit from 
being linked to an integrated weather-to-climate 
forecasting effort on a range of timescales 

•  Goal à provide predictive (probabilistic) forecasts of 
future extreme events at lead times of days to seasons, 
or longer 

Development	of	a	Predic1ve	Extreme	
Event	Capability	



38 Photo: F. Zwiers (Big Trout Lake, Algonquin Park) 

Conclusions	
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Conclusions	
•  Ability to attribute causes to events remains 

limited 
–  Relatively high confidence for extreme temperature  
–  Some confidence in precipitation extremes and 

perhaps some kinds of drought 
–  Can say relatively little about frozen and freezing 

precipitation, storms, floods, wildfire 
•  Confidence is often limited by  

–  Data quality and length of historical record 
–  Process understanding, and ability of models to 

simulate events 
–  Lack of supporting research on detection and 

attribution of long-term change related to the event 
type 
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Conclusions	
•  Findings are sensitive to framing choices 

–  event definition 
–  what question is asked 
–  whether conditioning factors are taken into account 

•  Methods are still evolving, and are at least 
partially determined by the framing 

•  Need to develop objective event selection criteria 
•  Don’t yet have a good way to ask highly specific 

questions (most studies consider classes of 
events) 
–  But note that Hannart et al (2016b) suggest an 

approach using a data assimilation technique 



41 Photo: F. Zwiers (Fern uncurling, Botanical Beach) 

QuesDons?	

www.pacificclimate.org  


