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Announcements 

 

Sign up on email list (email Arlene) to receive course emails 
 

 
Readings (all tentative until week prior to discussion)  
available at course website: 
www.ldeo.columbia.edu/~amfiore/eescG9910_f14.html 
 
Still a few weeks open – last call for students to sign up before 
we open up to others. 
•  Hurricanes week #1 
•  Tornadoes 

We welcome involvement from the full LDEO community. 
Feel free to join us whenever possible 



Readings for Today & Next week 

Reminder: specific readings for later weeks  subject to change 



Questions from Students 

•  What  



Rationale of SREX report (p. 29 Ch1) 

The Hyogo Framework for Action (UNISDR, 2005), adopted by 
168 governments, provides a point of reference for disaster risk 
management and its practical implementation (see Glossary and 
Section 1.1.2.2 for a definition of this practice). Subsequent 
United Nations statements suggest the need for closer 
integration of disaster risk management and adaptation with 
climate change concerns and goals, all in the context of 
development and development planning (UNISDR, 2008a, 
2009a,b,c). Such a concern led to the agreement between the 
IPCC and the United Nations International Strategy for Disaster 
Reduction (UNISDR), with the support of the Norwegian 
government, to undertake this Special Report on “Managing the 
Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation” (IPCC, 2009).  



Goals of SREX report (p. 29 Ch1) 

1) To assess the relevance and utility of the concepts, 
methods, strategies, instruments, and experience gained 
from the management of climate-associated disaster risk 
under conditions of historical climate patterns, in order to 
advance adaptation to climate change and the management 
of extreme events and disasters in the future. 

 
2) To assess the new perspectives and challenges that climate 
change brings to the disaster risk management field. 
 
3) To assess the mutual implications of the evolution of the 
disaster risk management and adaptation to climate change 
fields, particularly with respect to the desired increases in 
social resilience and sustainability that adaptation implies. 



Key concepts and scope of SREX report 

Scope of our course  

à We are focusing on one component of risk (“hazards”) 



Terminology 



Complexity in defining extreme ‘event’ 

•  Compounding outcomes (e.g., successive storms) or joint occurrences 
(moderate storm surge but extreme spring tides à worst UK storm surge 
ever in 1607). 

•  Different locations affected by extremes within the same large-scale 
atmospheric circulation (e.g., Russian heat wave and Indus valley floods in 
Pakistan during summer 2010) 

•  Preconditioning  
–  droughts after rainy seasons à wildfires à runoff/landslides when rains return;  
–  decreasing soil moisture à intensify heat waves 
–  Not always amplification of effects! 



Definition of extreme weather or climate event in SREX 

•  Refers solely to initial and consequent physical phenomena including some 
(e.g. flooding) that may have human components to causation other than 
that related to the climate (e.g., land use, land cover change, changes in 
water management) [[ Impacts = spectrum of outcomes for humans, society, 
physical systems (separate from ‘event’) ]] 

•  Time scale: intense tornadoes (minutes) to decades-long drought; blurry 
boundary between weather and climate according to time scale 

•  Spatial scale: local to continental; note that ‘extreme’ is usually relative to 
regional ‘norms’ though absolutes can exist (e.g., cross a threshold 
temperature above or below which a disease vector thrives) 

•  Thresholds: some percentile of distribution (probability of occurrence); 
absolute value (possibly impact-related); or some accumulation of moderate 
weather/climate events 

•  Imprecise boundary between weather & climate events (both considered 
under terminology of “climate extremes”): 

 Weather: <1 day to a few weeks; climate: seasonal to decadal 

Ch3 SREX 



Categories of weather & climate events 

1.  Extremes of atmospheric weather & climate variables 

2.  Weather and climate phenomena that influence the 
occurrence of extremes in weather or climate variables, or are 
extremes (e.g. monsoons, ENSO, tropical and extratropical 
cyclones) 

3.  Impacts on the natural physical environment (droughts, 
floods, extreme sea level, waves, landslides) 

p. 115 Ch3 SREX 

à Arbitrary distinctions; categories related 

à Generally correspond to “hazards” 



Probabilistic Risk Analysis (Box 1-2) 

(1) Risk = Probability  x  Consequence 
 
Other variations: 

 Risk = Hazard x Vulnerability 
 

 Risk = Hazard x Exposure x Vulnerability  (UNISDR 2009e, 2011) 
 

Hazard = likelihood of physical event occurring (Box 1-2)  

(conditioned on event occurring) 

Hazard: A potentially damaging physical event, phenomenon or human activity 
that may cause the loss of life or injury, property damage, social and 
economic disruption or environmental degradation.  

 http://www.unisdr.org/files/7817_7819isdrterminology11.pdf 
 



Side note: Not all disasters are due to extreme events… 

•  Severe interruptions… of local social and economic systems 
 
•  Disaster-inducing events can increase if social conditions deteriorate 

•  Significant number of disasters registered annually are associated with 
physical events that are not extreme as defined probabilistically, yet have 
important social and economic impacts on local communiteis and 
governments… (high confidence) 

•  Specific social and physical conditions are referred to as disaster risk 

•  Environmental disaster: direct physical impacts of human activity and natural 
physical processes on the environment are fundamental causes 

SREX Ch1 and 3 

…and not all extreme events lead to disaster 
Thresholds that induce extreme impacts vary in space and time 



Compound Events 

•  2 or more extreme events occurring simultaneously or successively 

•  Combinations of extreme events with underlying conditions that amplify their 
impact 

•  Combinations of events that are not extremes but lead to an extreme event 
or impact when combined 

•  Often involve feedbacks 

SREX Ch1 and 3 



Sources of uncertainty in climate projections 

1.  Internal variability of the climate system 
-- random fluctuations, estimated from observations or models 
-- particularly challenging for low frequency (e.g. decadal or longer time scales) 
variability and extremes given short record lengths for observing systems 
 

2.  Scenario: past, present or future forcing of the climate system 
(natural or anthropogenic) 

-- uncertainty in past/present due to limitations of observing systems or proxies 
-- inability to predict future anthropogenic emissions, land use change, natural 
forcings, and associated feedbacks  
often quantified as as model spread across several scenarios 
 

3.  Response of the climate system to a specified forcing agent 
-- model response uncertainty: range of model responses to a given external forcing; 
often quantified as as spread of models across one scenario 

e.g. Hawkins & Sutton 2009, 2010,2011; Kirtman, Power et al., 2013 (Ch 11 IPCC AR5 WG1) 

à Relative importance of each contribution to total uncertainty depends on  the 
variable, space and time scales, & lead time of projection considered 



(Uncertain) climate models:  
best available tools for projecting future changes and 

deriving probabilistic information 

Figure 1 Hawkins & Sutton, Climate Dynamics, 2011 

Anomalies in global mean precipitation relative to 1971-2000 (CMIP3 models) 



Take-home points on uncertainty in climate projections 

1.  Uncertainty in near-term projections is dominated by internal variability + model 
spread (response) 

2.  Internal variability increases in importance on smaller space and time scales 
3.  Scenario uncertainty is less important (and internal variability generally more 

important) for precipitation than surface air temperature projections 
4.  Actual (model) response uncertainty may be larger or smaller than the inter-model 

spread (in any given study) due to common errors or inaccurate models 

Kirtman, Power et al., 2013 (Ch 11 IPCC AR5 WG1 see Fig 11.8, pp 979-980 ) 

Fig 2 Hawkins & Sutton 2011 



Internal variability & model response contribute most to 
uncertainties in projecting regional decadal mean precip. 

Hawkins & Sutton, 2011 

Internal 
Variability 
 
Scenario 
 
Model 
Response 

GLOBAL, ANNUAL SAHEL, JJA 

E ASIA, JJA EUROPE, DJF 



Signal-to-Noise ratio 
“How large is expected change compared to the uncertainty in the prediction?” 

- Hawkins & Sutton 2011 

Signal: Measure of amplitude of projected climate change 
 

Noise: Measure of uncertainty in the projection 
 Noise can be total uncertainty, or a specific component (e.g., internal variability) 

Kirtman, Power et al., 2013 (Ch 11 IPCC AR5 WG1 extracted from Fig 11.8) 

Decadal regional 
mean temperature 

S/N for surface air temperature typically 
higher at lower latitudes and peaks with 
lead time of a few decades 
àgreater internal variability at mid-lats 
àfurther out in time, scenario uncertainty 
grows more quickly than the signal 
[see also Hawkins & Sutton 2009, 2011] 
 
S/N for temperature higher than for precip 
(decadal seasonal means; though S/N 
may be higher for precip extremes than 
seasonal means) 
 



Signal-to-noise ratio for projections of decadal mean 
seasonal climate change (Fig 6 Hawkins & Sutton 2011) 

1st decade                            3rd decade                          9th decade   



How and why might extremes change? 

Mean 
shifts 

Variability 
increases 

Symmetry 
changes 

Figure SPM.3, IPCC SREX 2012 
http://ipcc-wg2.gov/SREX/ 

à  Detection – statistically meaningful 
change (“How”) 

“Detection of change is defined as the process of demonstrating 
that climate or a system affected by climate has changed in some 
defined statistical sense without providing a reason for that 
change. An identified change is detected in observations if its 
likelihood of occurrence by chance due to internal variability alone 
is determined to be small’ (Hegerl et al., 2010)”; 
Bindoff ,Stott et a, IPCC WG1 AR5 Ch10 2013) 
 

à  Attribution– what caused the change? 
(“Why”) 

Attribution is defined as ‘the process of evaluating the relative 
contributions of multiple causal factors to a change or event with 
an assignment of statistical confidence’... In general, a component 
of an observed change is attributed to a specific causal factor if 
the observations can be shown to be consistent with results from 
a process-based model that includes the causal factor in 
question, and inconsistent with an alternate, otherwise identical, 
model that excludes this factor. The evaluation of this consistency 
in both of these cases takes into account internal chaotic 
variability and known uncertainties in the observations and 
responses to external causal factors. -- Bindoff ,Stott et a, IPCC 
WG1 AR5 Ch10 2013) 

 Ideally, want to understand processes that influence 
entire shape of distribution: Do the extremes scale with the 
mean? Do regional extremes scale with global mean climate?   
 



Defining detection and attribution studies 

“There are four core elements to any detection and attribution study:  
 
1.  Observations of one or more climate variables, such as surface 

temperature, that are understood, on physical grounds, to be relevant to 
the process in question  

2. An estimate of how external drivers of climate change have evolved 
before and during the period under investigation, including both the driver 
whose influence is being investigated (such as rising GHG levels) and 
potential confounding influences (such as solar activity)  
 

3. A quantitative physically based understanding, normally encapsulated in a 
model, of how these external drivers are thought to have affected these 
observed climate variables  
 

4. An estimate, often but not always derived from a physically based model, 
of the characteristics of variability expected in these observed climate 
variables due to random, quasi-periodic and chaotic fluctuations generated 
in the climate system that are not due to externally driven climate change”  

Bindoff, Stott, et al., Ch 10 IPCC AR5 WG1 2013 p 873 



D&A: watch out for confounding factors 

“one that affects the variable or system of interest, but is not 
explicitly accounted for in the design of a study… could… lead 
to erroneous conclusions about cause-effect relationships”)   
 

 -- Hegerl et al., 2010 (IPCC Good practice Guidance Paper 
on D&A) 
 
 

Generally, at smaller spatial scales, more difficult to detect and attribute 
changes: 
•  Less internal variability removed because averaging over a smaller area 
•  Other forcings may be stronger at the regional scale (aerosols, land-use 

change) 
--p. 126 Ch 3 SREX 



Methods Applied in Detection & Attribution Studies 
•  Single-step attribution to external forcings 

 -- comparison of observed changes in variable of interest with expected 
changes due to external forcings  (explicit modeling) 

 area burnt by forest fires attributed to anthropogenic warming [Gillett et 
al., 2004] 
•  Multi-step attribution to external forcings 

–  Observed change in variable of interest attributed to a change in climate 
via process model, statistical link or downscaling (not necessarily 
derived directly from model simulations) 

–  Separate assessment that attributes change in climate to external 
forcings 

Changes in marine calcification attributed to changing ocean chemistry; 
changing ocean chemistry attributed separately to changing atmospheric 
CO2 [e.g., Kleypas et al., 1999; De’ath et al. 2009]; streamflow & spring T 
May be most relevant for extremes e.g.,  

 (1) extreme ! mean;  
 (2) mean change! external forcing 

-- Hegerl et al., 2010 (IPCC Good practice Guidance Paper on D&A) & Ch3 SREX 



Methods Applied in Detection & Attribution Studies (2) 

•  Associative pattern attribution to external forcings 
–  Spatial pattern of observed impacts compared with observed climate 

trends using statistical pattern-comparison measures  
Rosenzweig et al., 2008 used >29000 data series across biological & 
physical systems to show they are outside the range of natural variability 
 

•  Attribution to a change in Climatic Conditions 
–  Process knowledge + relative importance of climate change in 

determining observed effects (can also be final step in multi-step 
attribution) 

-- Hegerl et al., 2010 (IPCC Good practice Guidance Paper on D&A) 



D&A for extremes 

•  Difficult to fully attribute an individual event to external forcing 
 

•  May, however, be possible to estimate the influence of an external 
forcing on the likelihood of such an event occurring 

-- Ch 3 SREX p 128 



Example multi-step attribution (more next week) 
(1) decadal background summer temperature ! human influence 

(2) year-to-year variability tied to decadal background variability to give 
probability of exceeding threshold in a particular summer 

Stott et al., 2013 



Information for regional climate change projections 

•  GCMs 
•  Downscaled GCM simulations 
•  Physical understanding of the processes governing 

the regional response 
•  Recent historical climate change 



Downscaling (SREX Ch3 p 129) 

•  Dynamical downscaling 
–  Output from regional climate models (Boundary conditions from re-

analysis or coarse resolution GCM) or high-res global models 
–  Pro: may capture mesoscale nonlinear effects + provides multiple 

variables at high spatial resolution  
–  Con: reduced magnitude of extremes as compared to point values 

•  Empirical/statistical downscaling 
–  Develops statistical relationships that link large-scale atmospheric 

variables with local/regional climate variables 
–  Pro: access finer spatial scales + parameters not available in RCMs 
–  Con: require high quality, long record length observational data & 

assumes stationarity in relationships 

“derives local to regional-scale (up to 100km) information from larger-scale 
models or data analyses” 

à Quality depends on driving model 
à Bias corrections possible  



Calibrated IPCC uncertainty language 

ProbabilisHc	  esHmate	  of	  the	  occurrence	  
of	  an	  event	  or	  an	  outcome;	  using	  this	  
language	  implies	  high	  confidence	  	  
(AR5	  medium	  confidence	  someHmes;	  
explicitly	  stated)	  

From agreement & evidence,  
assign 5 confidence levels: 
very low, low, medium, high, very high 

Very low 

Very high 

Robust conclusions drawn from multiple lines of evidence 
(observations, models, theory) 



Evolution of Assessment statements regarding extremes 
IPCC AR4 ! SREX ! AR5 

IPCC AR5 WG1 SPM, 2013 Update from SREX Table 3-1 



Questions from Students 

•  What  

Quantifying extremes: 
Generally either 
Probability-based or 
Threshold-based 
 



Are we observing changing weather & climate extremes? 

Need high quality, long-term records; some obstacles: 
–  Many countries still do not freely distribute higher temporal resolution 

data 
–  Quality of measurements  
–  Trends can be induced for factors other than the climate system (e.g., 

local land cover change – building goes up near measurement site; 
trend in populations in remote regions increases detection of events) 

Climate data homogeneity: variations and trends in a climate time 
series are solely due to variability and changes in the climate system 



Cusbasch, Wuebbles et al., IPCC AR5 WG1 Ch1 



Climate Extremes Indicator: 
T, Precip, drought 
http://www.ncdc.noaa.gov/extremes/cei/ 



HadEX2 dataset: Extreme indices for temperature (17) and precipitation (12) 
3.75°x2.5° global lat-lon grid 1901-2010  [Donat et al., JGR, 2013] 





Donat et al. JGR 2013: input data to HadEX2  



Climate surprises (abrupt climate change) 

Collins, Knutti et al. [IPCC AR5 WG1 Ch 12] 

“We define abrupt climate change as a large-scale change in the climate system that takes place 
over a few decades or less, persists (or is anticipated to persist) for at least a few decades, and 
causes substantial disruptions in human and natural systems”  


