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Attribution of global and regional surface average 
temperature change	



IPCC-AR4 (2007) 

“Most of the observed 
increase in globally 

averaged temperatures 
since the mid-20th 

century is very likely* due 
to the observed increase 

in anthropogenic 
greenhouse gas 
concentrations.”���

���
*very likely = 90-95% 

certainty 	


 	







Research by NOAA scientists [..] and [..], currently in press with the Journal of Climate, 
describes the tropical multi-decadal signal and shows that it accounts for the entire inter-

related set of conditions that controls hurricane activity for decades at a time."  

*



Extreme events as rolling dice	



What are odds of:	



Roll ≤ 3?	

 Roll ≥ 12?	



Two fair, six-sided dice. 	



What is average roll?	
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Extreme events as rolling dice	



What are odds of:	



Roll ≤ 3?	

 Roll ≥ 12?	



What is average roll?	



1/36 3/36 
3x likelier or 200% more	

1/3 as likely or 66% less	



Add a dot to every side���
of one die.	

8  

(+1 or +14%)	





Changing the mean climate can change the odds of extremes	



IPCC(2007)	





Observed temperature extremes moving towards warm: ���
fewer cold nights, more warm nights	



Alexander et al. (2006, J. Geophys. Res.)	



Asia also exhibits widespread warming in maximum tem-
perature extremes although the trend patterns for maximum
temperature are generally more mixed (Figures 2c and 2d).
Some parts of the globe do exhibit changes in extremes
corresponding to decreases in temperature although these
are usually nonsignificant. An exception to this is a small
part of central United States where a significant increase

equivalent to approximately 2 days per decade is seen in the
annual number of cold days (Figure 2c).
[30] Globally the annual number of warm nights (cold

nights) increased (decreased) by about 25 (20) days since
1951 (Figures 2a and 2b). Trends in maximum temperature
extremes showed similar patterns of change, although of
smaller magnitude (Figures 2c and 2d). Changes in all these

Figure 2. Trends (in days per decade, shown as maps) and annual time series anomalies relative to
1961–1990 mean values (shown as plots) for annual series of percentile temperature indices for 1951–
2003 for (a) cold nights (TN10p), (b) warm nights (TN90p), (c) cold days (TX10p), and (d) warm days
(TX90p). Trends were calculated only for the grid boxes with sufficient data (at least 40 years of data
during the period and the last year of the series is no earlier than 1999). Black lines enclose regions where
trends are significant at the 5% level. The red curves on the plots are nonlinear trend estimates obtained
by smoothing using a 21-term binomial filter.
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But, if you roll “boxcars”: ���
can you tell which set of dice you rolled?	



Even if we knew it was a modified pair of dice ���
(e.g., roll 13), do we know: 	


When they were switched? ���

Who switched them?	





2010 Russian heat wave was extreme but not 
completely impossible event, by some estimates. So:���
Can we attribute to AGW? Can we exclude AGW?	



(MAECHAM5) [Roeckner et al., 2003], using observed global
SST, sea ice and atmospheric carbon dioxide concentrations
for July 2010. Responses to 2010 forcings were determined
through comparisons with two parallel 50‐member control
simulations that used 1971–2000 mean climatological for-
cings. Third, predictions generated in June 2010with NOAA’s
climate forecast system model [Saha et al., 2006] were
examined to assess the potential role of atmospheric, land,
and ocean initial conditions in this event. These predictions

were initialized with atmospheric, land, and ocean condi-
tions in early (1–4) and late (27–30) June 2010.

3. Results

[6] The July surface temperatures for the region impacted
by the 2010 Russian heat wave shows no significant warm-
ing trend over the prior 130‐year period from 1880 to 2009
(Figures 1, middle and 1, bottom). A linear trend calculation
yields a total temperature change over the 130 years of
−0.1oC (with a range of 0 to −0.4oC over the four data sets, see
Tables S1 and S2 of the auxiliary material for comparison).
Similarly, no significant difference exists between July tem-
peratures over western Russia averaged for the last 65 years
(1945–2009) versus the prior 65 years (1880–1944) (Table S2).
There is also no clear indication of a trend toward increasing
warm extremes. The prior 10 warmest Julys are distributed
across the entire period and exhibit only modest clustering
earlier in this decade, in the 1980s and in the 1930s (Figure 1,
middle). This behavior differs substantially from globally
averaged annual temperatures, for which eleven of the last
twelve years ending in 2006 rank among the twelve warmest
years in the instrumental record since 1850 [Intergovernmental
Panel on Climate Change, 2007]. The absence of prior July
warming also differs from antecedent conditions for the 2003
western European heat wave, where a strong regional
warming trend was detected over the twentieth century (see
long‐term trend map in Figure 1, bottom), a significant
fraction of which has been attributed to anthropogenic forcing
[Fischer and Schär, 2010].
[7] With no significant long‐term trend in western Russia

July surface temperatures detected over the period 1880–
2009, mean regional temperature changes are thus very
unlikely to have contributed substantially to the magnitude
of the 2010 Russian heat wave. Another possibility is that
long‐term trends in variability may have increased the like-
lihood of an extreme heat wave. To assess this possibility,
standard deviations of July surface temperatures were cal-
culated for the two 65‐yr periods before and after 1945. The
results (Table S2) indicate slightly higher variability in the
later period, but this increase is not statistically significant
based on a standard F‐test. Western Russia temperature
extremes simulated in the 22 CMIP3 models (grey shaded
area in Figure 1, middle) also do not display discernible trends
during 1880–2009. The temporal distribution of extreme heat
waves in the model data normalized to correspond with
observed variability shows two events of similar magnitude
to the heat wave intensity of about +5°C departure observed
during 1880–2009, with one event in the earlier half of the
20th Century (light gray shading in Figure 1, middle). For
model runs that are not normalized, the frequency of >5oC
extreme events occurring before 1945 is even greater and
comparable in frequency to that seen in more recent decades
(dark gray shading in Figure 1, middle). In summary, the
analysis of the observed 1880–2009 time series shows that no
statistically significant long‐term change is detected in either
the mean or variability of western Russia July temperatures,
implying that for this region an anthropogenic climate change
signal has yet to emerge above the natural background vari-
ability. This is in contrast to regions such as western Europe,
but similar to other regions like the central United States,
consistent with strong regional (and seasonal) differences in
climate trends that are yet to be fully understood.

Figure 1. (top) Daily Moscow temperature record from
November 1 2009 to October 31 2010, with daily departures
computed with respect to the climatological seasonal cycle.
Data are from the Global Summary of the Day produced by
National Climatic Data Center. (middle) Observed time series
of western Russia July temperature anomalies for the period
1880 to 2010 indicated as positive (red) and negative (blue)
temperature anomalies relative to the base period from
1880 to 2009. Numbers indicate the years of the ten most
extreme positive anomalies. The red asterisk indicates year
2010. The light and dark shaded areas represents the envel-
opes of positive and negative monthly mean temperature
extremes based on 22 CMIP3 model simulations for nor-
malized and non‐normalized anomaly time series respec-
tively. (bottom) Map of observed July temperature trend
[oC/130yrs] for July 1880–2009. Box shows the area used
to define “western Russia” surface temperatures.
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Extreme events as rolling dice	



Climate doesn’t just have six-sided dice, ���
and we could be changing their shape.	



Image: Wikipedia	





Historically, Tropical Cyclones Form Over Warm Water	



But warm water not enough, e.g. cyclones “like” an environment 
without strong wind shear to disrupt them, a moist mid-

troposphere and a cool upper atmosphere.	





Vecchi, Swanson and Soden 	


(2008, Science)	



Observed Activity	


Absolute Atlantic���

Temperature	



One Temperature Predictor of Atlantic Hurricane Activity	
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Relative Atlantic 
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Two Temperature Predictors of Atlantic Hurricane Activity	



Vecchi, Swanson and Soden 	


(2008, Science)	
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Observed Activity���
Relative Atlantic 

Temperature	



Two Statistical Projections of Atlantic Hurricane Activity	



Vecchi, Swanson and Soden 	


(2008, Science)	





Observed Activity	


Absolute Atlantic���

Temperature���
���
���

Dynamical Model 
Projections���
	



Observed Activity���
Relative Atlantic 

Temperature	



…Add Dynamical Projections of Atlantic Hurricane Activity	



Vecchi, Swanson and Soden 	


(2008, Science)	





Summary	



•  Observations, models and physical understanding allow attribution of 
global and continental temperature changes	



•  Extreme temperature events (also precipitation) can be expected to 
change as planet warms: more warm extremes, fewer cold ones	



•  For other extreme events (e.g., hurricanes) the expected influence of 
warming more uncertain	



•  For single events, attribution is problematic:���
    -Cannot attributed uniquely to AGW (fraction of risk maybe)���
    -Cannot completely exclude AGW	



•  We don’t confidently know odds of rare events even w/o AGW.	




