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How are extremes affected by climate change?
 Mean vs variability
* Role of feedback processes

Historical and projected changes in extremes
« |PCC SREX /AR5 assessments
« Some current research issues
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Greenhouse Gas Emissions

(IPCC SREX, 2012: http://ipcc-wg2.gov/SREX/ )
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ATmax [(2081-2100)-(1980-1999)] for 10t" (left), 50t" (middle), and 90th
percentile (right)

Stronger warming of hot extremes in mid-latitude regions: Soil
moisture feedback

(Orlowsky and Seneviratne 2012, Climatic Change)
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(after Budyko 1956)
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(Seneviratne et al. 2010, Earth-Science Reviews)
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fictwarming of extremes

Surface energy balance

Transitional climate regime
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C'warming of extremes

ATmax [(2081-2100)-(1980-1999)] for 10t" (left), 50t" (middle), and 90th
percentile (right)
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Stronger warming of cold extremes in high-latitude regions: Snow
feedback

(Orlowsky and Seneviratne 2012, Climatic Change)
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FieWwarming of extremes

More background on role of land-atmosphere feedbacks for
extremes in Lecture “Physical mechanisms (land-climate
feedbacks)”
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====-=Compound events

There can also be non-linear effects with respect to impacts!

Gross primary production (Plant CO, uptake)

= -5t a)hot&dry
S (+‘|' & _P} ® ® Biome-BGC
E _10¢t % e CLM4
o ,- e CLM4VIC
5 15} * DLEM
=] e GTEC
= -20 e ISAM
g e | PJ-wsl
E _og| “ *  ORCHIDEE-LSCE
© e VEGAS
=
3 _30} . VISIT
g . . .
O - =30 -20 -10
additive impact (g C m 2 month_1}

(Zscheischler et al. 2014, Global Biogeochemical Cycles)
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Historical and projected changes in extremes
« |PCC SREX /AR5 assessments
e Some current research issues

Conclusions
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MANAGING THE RISKS OF EXTREME INTERGOVERNMENTAL PANEL 0N Climate chanee
EVENTS AND DISASTERS TO ADVANCE

CLIMATE.CHANGE ADAPTATION
s SSrsae e e g

Observed changes: AR5

Projected changes: based on
SREX (Chapter 3; Seneviratne,
Nicholls, et al. 2012)

SPECIAL REPORT OF THE

INTERGOVERNMENTAL PANEL I c c e WORKING GROUP | CONTRIBUTION TO THE
ON CLIMATE CHANGE Q @ FIFTH ASSESSMENT REPORT OF THE

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

IPCC, 2012 IPCC, 2013

(www.ipcc.ch)
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Very likely increase in number of warm days and nights &
decrease in number of cold days and nights globally

Likely that the number of heavy precipitation events has
increased in more regions than it has decreased

Confidence remains low for long-term (centennial) changes in

tropical cyclone activity (but virtually certain that frequency and intensity of
strongest tropical cyclones in the North Atlantic has increased since 1970)

Confidence is low for a global-scale observed trend in drought
owing to lack of direct observations, methodological uncertainties,
and geographical inconsistencies in the trends

Confidence is low for large-scale trends in storminess
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2013, BAMS)
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- Temperature extremes

See presentation on data issues (L. Alexander)
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Land area ratio affected by exceedant warm

Temperature trends (ERA-interim, HadCRUT4
days (relative to 1979-2010 average) P ( )
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Continued increase of measures of hot extremes despite apparent
pause of global mean temperature

(Seneviratne, Donat, Mueller, and Alexander, 2014, Nature Climate Change)
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Land area ratio

Land area ratio affected by exceedant warm
days (relative to 1979-2010 average)
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(Seneviratne, Donat, Mueller, and Alexander, 2014, Nature Climate Change)
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messin,_ hiatus” period

Increases over land due to
recent dry and hot events in
Russia, North America, and
South America as well as to
some high-latitude regions

Decreases over most ocean
area

(Seneviratne, Donat, Mueller, and Alexander, 2014, Nature Climate Change)
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nges-since 1950 (ARS)

. increase in number of warm days and nights
decrease in number of cold days and nights

. number of heavy precipitation events has
increased in more regions than it has decreased

tropical cyclone activity (but virtually certain that frequency and intensity of
strongest tropical cyclones in the North Atlantic has increased since 1970)

« Confidence is low for a global-scale observed trend in drought
owing to lack of direct observations, methodological uncertainties,
and geographical inconsistencies in the trends

. storminess
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ehds.in global drought

Compared to trends in temperature extremes, much higher
uncertainty in trends in global droughts (due to modeling approaches
and input datasets)

Impact of
parameterization
of potential
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(Sheffield et al. 2012, Nature)
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Fréhds-in_global drought

Compared to trends in temperature extremes, much higher
uncertainty in trends in global droughts (due to modeling approaches
and input datasets)
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(Trenberth et al. 2013, Nature Clim. Change)
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gionalkvs, global drought

Large regional variations in drought trends: “Global drought” is
not a meaningful measure

Trend (yr)

(Sheffield et al. 2012, Nature)
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2gionalvs,_global drought

For some extremes (e.g. hot temperatures), global averaging
increases the signal to noise ratio, but for others (e.qg.
droughts) regional trends are more robust

Relevant for detection and attribution!
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Trend in subarid regions dominated from Sahel
drought, but likely due to decadal variability
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projected changes in extremes
« |PCC SREX /AR5 assessments
e Some current research issues

Conclusions
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giithof24:. contury (SREX)

Virtually certain that increases in the frequency and magnitude
of warm daily temperature extremes and decreases in cold
extremes will occur. Very likely increase of warm spells.

Likely that the frequency of heavy precipitation or the
proportion of total rainfall from heavy falls will increase over
many areas

Medium confidence that droughts will intensify in some
seasons and areas

Average tropical cyclone maximum wind speed is likely to
Increase, although increases may not occur in all ocean basins.
It is likely that the global frequency of tropical cyclones will either
decrease or remain essentially unchanged

Low confidence in projections of changes in extreme winds
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X&Regional projections
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\EX#Regional projections

C. Europe - 12
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F&8:Precipitation = 2100

Temperature: A (late 20"-century) 1-in-20 year hottest day is likely to
become a 1-in-2 year (B1: 1-in-5 year) event in most regions
[exception: high latitudes of Northern Hemisphere: likely 1-in-5 year
(B1: 1-in-10 year) event]

Precipitation: A (late 20t-century) 1-in-20 year annual maximum
daily precipitation amount is likely to become a 1-in-5 to 1-in-15 year
event in many regions
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Projected changes in 20-year return values of annual maximum
Tmax (vs late 20t century, 1981-2000)
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2°-5° increase by the end of the 21st century
Large range in some regions
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Two dryness indices

Change in consecutive dry days (CDD) Sbil moisture anomalies (SMA)
2081-2100 2081-2100

-06 -0.4 -0.2 0 02 04 06 -0.75 -050 -025 0 025 050 0.75
Standard Deviation Standard Deviation

Gray shading: less than 66% model agreement on sign of change
Coloured shading: = 66% model agreement on sign of change

Stippling: = 90% model agreement on sign of change
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Consistency between indices

Change in consecutive dry days (CDD) Soil moisture anomalies (SMA)
2081-2100 2081-2100

-06 -04 -02 0 02 04 06 -075 -050 -025 0 025 050 0.75
Standard Deviation Standard Deviation

Consistent projections of increased dryness for these (and other) indices
In the Mediterranean region, central Europe, central North America,
Central America and Mexico, northeast Brazil, and southern Africa
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s XeProjections™Dryness assessments
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oo -

Limited number of regions with agreement, but including
important agricultural regions = global implications

-06 -04 -02 0 02 04 06 -075 -050 -025 0 025 050 0.75
Standard Deviation Standard Deviation

Consistent projections of increased dryness for these (and other) indices
In the Mediterranean region, central Europe, central North America,
Central America and Mexico, northeast Brazil, and southern Africa
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Limited number of regions with agreement, but including
important agricultural regions = global implications
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(West et al. 2010, PNAS)
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s Uncertainties jéctions: Dfoughts.vs warm spells

Warm spells
(very likely)

Ot/ A= (Tgeent Ointt Ogem)/A

scen

Warm spell duration index “Time of detection”: o, /A<1
-« - WSDI
— Total
™ B Scenario
ol - Internal
GCM

2020 2060 2100
(Orlowsky and Seneviratne 2013, HESS; approach

adapted from Hawkins and Sutton 2009, BAMS)
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ities ofprojéctions: Dfoughts.vs warm spells

Warm spells Droughts (medium confidence)
(very likely) — Assessment also based on
model performance and intrinsic

uncertainties (e.g. lack of data to

Otof/ A= (Tgeent Ointt Ogem)/A

Seen validate models)
Warm spell duration index Soil moisture anomalies
- WSDI SMA
— Total MED
@ - B Scenario
ol - Internal
GCM

= I

2020 2060 2100
(Orlowsky and Seneviratne 2013, HESS; approach

adapted from Hawkins and Sutton 2009, BAMS)
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ainties ofprojections: Dfoughts.vs warm spells

Warm spells Droughts (medium confidence)
(very likely) — Assessment also based on
model performance and intrinsic

uncertainties (e.g. lack of data to

Otof/ A= (Tgeent Ointt Ogem)/A

Seen validate models)
Warm spell duration index Soil moisture anomalies
-« WSDI SMA
— Total AMZ
@ - B Scenario
ol - Internal
H GCM
I
Otot/ A= (Oscen+ Ot Og CM)/ A (Orlowsky and Seneviratne 2013, HESS; approach

adapted from Hawkins and Sutton 2009, BAMS)
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Droughts (medium confidence)
— Assessment also based on
model performance and intrinsic
uncertainties (e.g. lack of data to
validate models)

For droughts in the Amazon Soil moisture anomalies

region the model uncertainty SMA

IS so large that it masks any AMZ
impacts from the emission
scenarios

(Orlowsky and Seneviratne 2013, HESS; approach
adapted from Hawkins and Sutton 2009, BAMS)

21.07.2014 Sonia Seneviratne / IAC ETH Zurich WCRP summer school on climate extremes




— e e— . . .
Eidgendssische Technische Hochschule Zilric - ‘ = : — B "- [ >\ i {’ ‘tles for adaptatlon

Swiss Federal Institute of Technology Zurich

Sustainability of present-
day water consumption
. 0.8 under late 215t century
AP conditions

0.6

0.4

0.2

(Orlowsky et al. 2014, ERL)
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How are extremes affected by climate change?
* Mean vs variability
* Role of feedback processes

Historical and projected changes in extremes
« |[PCC SREX /AR5 assessments
e Some current research issues

Conclusions
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Conclusions

Substantial changes in several extremes (mostly temperature
extremes, heavy precipitation events) both in historical period
and in projected scenarios

However, signal depends very much on considered extreme,
and there remains large uncertainties for several extremes
(droughts, except for a few regions, as well as tropical cyclones,
extreme winds/storminess)

Climate feedbacks can be an important factor amplifying
extremes in some regions (e.g. soil moisture-temperature
feedbacks, snow-temperature feedbacks): Imply non-linear
effects
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(Orlowsky and Seneviratne 2013, HESS; approach
adapted from Hawkins and Sutton 2009, BAMS)
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Critical precipitation deficit Levels of soil moisture,
Meteorological drought surface water and/or
groundwater storage

before the drought event

Critical soil-moisture deficit
Soil-moisture drought

Critical streamflow and

groundwater deficit
Hydrological drought

(Seneviratne 2014, Nature News and Views)
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