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Only the lowest (RCP2.6) scenario maintains 
the global surface temperature increase above 
the pre-industrial level to less than 2°C with at 

least 66% probability 
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The IPCC Special Report on Managing the Risks 
of Extreme Events and Disasters to Advance  

Climate Change Adaptation 



Impacts from weather and climate events 
depend on: 

nature and severity of event 

vulnerability 

exposure 



▪ asset relocation 
▪ weather-proofing assets 
▪ early warning systems 

▪ poverty reduction 
▪ better education and awareness 
▪ sustainable development 

▪   improved forecasting for warning  
 systems 
▪  reduction of greenhouse gas  

 emissions 

Informa<on	on	vulnerability,	exposure,	and	changing	climate	extremes	can	
together	inform	adapta<on	and	disaster	risk	management	



WITH CONTINUED  
HIGH EMISSIONS 

INCREASE	
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Regional key risks and potential for risk 
 reduction: Asia (IPCC,	AR5,	SPM,	Figure	SPM.8) 

Floods	 Heat	waves	 Droughts	



Climate models project more frequent hot 
days throughout the 21st century 

In many regions, the time between “20-year”  
(unusually) warm days will decrease 
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Chapter 3Changes in Climate Extremes and their Impacts on the Natural Physical Environment

Drought Drivers
For soil moisture or hydrological droughts, the main drivers are reduced precipitation and/or increased evapotranspiration (Figure 3-9).
Although the role of deficits in precipitation is generally considered more prominently in the literature, several drought indicators also
explicitly or indirectly consider effects of evapotranspiration. In the context of climate projections, analyses suggest that changes in
simulated soil moisture drought are mostly driven by changes in precipitation, with increased evapotranspiration from higher vapor pressure
deficit (often linked to increased temperature) and available radiation modulating some of the changes (e.g., Burke and Brown, 2008;
Sheffield and Wood, 2008a; Orlowsky and Seneviratne, 2011). It should nonetheless be noted that under strong drought conditions, soil
moisture becomes limiting for evapotranspiration, thus limits further soil moisture depletion. Other important aspects for soil moisture
and hydrological droughts are persistence and pre-conditioning. Because soil moisture, groundwater, and surface waters are associated
with water storage, they have a characteristic memory (e.g., Vinnikov et al., 1996; Eltahir and Yeh, 1999; Koster and Suarez, 2001;
Seneviratne et al., 2006b) and thus specific response times to drought forcing (e.g., Begueria et al., 2010; Fleig et al., 2011). The memory

is also a function of the atmospheric forcing and system’s feedbacks
(Koster and Suarez, 2001; A.H. Wang et al., 2009), and the relevant
storage is dependent on soil characteristics and rooting depth of
the considered ecosystems. This means that drought has a different
persistence depending on the affected system, and that it is also
sensitive to pre-conditioning (Figure 3-9). Effects of pre-conditioning
also explain the possible occurrence of multi-year droughts, whereby
soil moisture anomalies can be carried over from one year to the
next (e.g., Wang, 2005). However, other features can induce
drought persistence, such as persistent circulation anomalies,
possibly strengthened by land-atmosphere feedbacks (Schubert et
al., 2004; Rowell and Jones, 2006). The choice of variable (e.g.,
precipitation, soil moisture, or streamflow) and time scale can
strongly affect the ranking of drought events (Vidal et al., 2010).

Drought Indices
Because of the complex definition of droughts, and the lack of soil moisture observations (Section 3.2.1), several indices have been
developed to characterize (meteorological, soil moisture, and hydrological) drought (see, e.g., Heim Jr., 2002; Dai, 2011). These indicators
include land surface, hydrological, or climate model simulations (providing estimates of, e.g., soil moisture or runoff) and indices based
on measured meteorological or hydrological variables. We provide here a brief overview of the wide range of drought indices used in the
literature for the analysis of recent and projected changes. Note that information on paleoclimate proxies such as tree rings,
speleothems, lake sediments, or historical evidence (e.g., harvest dates) is not detailed here.

Some indices are based solely on precipitation data. A widely used index is the Standard Precipitation Index (SPI) (McKee et al., 1993;
Lloyd-Hughes and Saunders, 2002), which consists of fitting and transforming a long-term precipitation record into a normal distribution
that has zero mean and unit standard deviation. SPI values of -0.5 to -1 correspond to mild droughts, -1 to -1.5 to moderate droughts,
-1.5 to -2 to severe droughts, and below -2 to extreme droughts. Similarly, values from 0 to 2 correspond to mildly wet to severely wet
conditions, and values above 2 to extremely wet conditions (Lloyd-Hughes and Saunders, 2002). SPI can be computed over several time
scales (e.g., 3, 6, 12, or more months) and thus indirectly considers effects of accumulating precipitation deficits, which are critical for
soil moisture and hydrological droughts. Another index commonly used in the analysis of climate model simulations is the Consecutive
Dry Days (CDD) index, which considers the maximum consecutive number of days without rain (i.e., below a given threshold, typically
1 mm day-1) within a considered period (i.e., year in general; Frich et al., 2002; Alexander et al., 2006; Tebaldi et al., 2006). For seasonal
time frames, the CDD periods can either be considered to be bound to the respective seasons (e.g., Figure 3-10) or considered in their
entirety (across seasons) but assigned to a specific season. Though SPI and CDD are both only based on precipitation, they do not
necessarily only consider the effects of meteorological drought, since periods without rain (thus less cloud cover) are bound to have
higher daytime radiation forcing and generally higher temperatures, thus possibly positive evapotranspiration anomalies (unless soil
moisture conditions are too dry and limit evapotranspiration). 

Some indices reflect both precipitation and estimates of actual or potential evapotranspiration, in some cases also accounting for some
temporal accumulation of the forcings or persistence of the drought anomalies. These include the Palmer Drought Severity Index (PDSI)

Precipitation deficit
(meteorological drought)

Evapotranspiration

Pre-event soil moisture, 
surface water, and/or 
groundwater storage

Critical soil moisture deficit
(soil moisture drought)

Critical streamflow and 
groundwater deficit

(hydrological drought)

Figure 3-9 | Simplified sketch of processes and drivers relevant for meteorological,
soil moisture (agricultural), and hydrological droughts.

Continued next page

Drought definitions and drivers 

changes in temperature!
and radiation!

Source : SREX Box 3.3 - drought definition and drivers"
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Drought (AR5 WGI) 

•  Warmer	and/or	more	frequent	hot	days	are	virtually	certain,	and	
more	frequent	or	longer	heat	waves	are	very	likely	
at	end	of	21st	century	

•  Increases	in	intensity	and/or	dura<on	of	drought	:	
✦  reduced	precipita<on	and/or	increased	evapotranspira<on		
✦ since	1950:		drought	likely	increased	in	the	Mediterranean	and	West	
Africa	regions;		low	confidence	in	aVribu<on	to	human	ac<vi<es	

✦  late	21st	century:	
Decreased	soil	moisture	and	increased	agricultural	drought	likely	in	
presently	dry	regions	(high	confidence	in	likely	surface	drying	in	region	
such	as	the	Mediterranean	under	RCP	8.5)	

Source:	AR5	WGI	table	SPM.1		
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Impacts of drought (SREX) 

•  Effects	on	drought	include		
✦  reduced	water	security,		
✦  reduced	food	security	through	reduc<on	of	agricultural	
produc<on	

✦ a	contribu<on	to	human-ignited	forest	fires	(which	can	lead	to	
widespread	deforesta<on	and	carbon	emissions)	(SREX	4.3.6)	

•  One	of	the	main	consequences	of	mul<-year	drought	periods	is	
severe	famine,	such	in	the	Sahel	in	the	1980s,	causing	many	
casual<es	and	important	socioeconomic	losses.		

•  In	Syria,	more	then	1	million	people	were	affected	by	2011,	
accelera<ng	migra<on	to	urban	areas	and	increasing	levels	of	
extreme	poverty		
(case	study	in	SREX,	sec<on	9.2.3)	
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Adaptation to drought (SREX) 

•  Examples	of	adapta<on	
✦ mul<-hazard	risk	assessment	(e.g.	case	study	in	Syria)		
seasonal	forecas<ng	(e.g.	case	study	in	South	Africa)	

✦  insurance	
✦ drought	preparedness	and	mi<ga<on	
such	as	development	and	use	of	drought	tolerant	cul<vars,		
shi*ing	cropping	seasons,	upgrading	irriga<on	prac<ces	
flood	and	drought	control	techniques	in	water	management		
(SREX	box	7-3)	

✦ Building	resilience	through	knowledge,	advocacy,	research,	and	
training	by	making	informa<on	on	drought	risk	accessible	(case	
study	Syria)	



Managing the risks: drought in the context of 
food security in West Africa 

Risk	Factors	

▪ more 
variable rain 

▪ population growth 

▪ ecosystem 
degradation 

▪ poor health and 
education systems 

▪  improved water 
management 

▪ sustainable farming 
practice 

▪ drought-resistant 
crops 

▪ drought forecasting 

Projected: low confidence in drought projections for West Africa 

Risk Management/ 
Adaptation 



Jean-Pascal van Ypersele 
(vanyp@climate.be) 20 

Changes in soil moisture 

2081-2100!2046 - 2065!

Source : IPCC SREX figure SPM.5; models: CMIP3"

Changes from 1980-1999, scenario SRES A2"

Dots: almost all models 
agree / some drying 
Grey: less than 66% models 
 agree 
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Impacts on agriculture and food in Asia 

•  The	impacts	of	climate	change	on	food	produc<on	and	food	
security	in	Asia	will	vary	by	region,	with	many	regions	to	
experience	a	decline	in	produc<vity	(medium	confidence,	AR5	
WGII	Ch	24)	
✦  example	of	possible	nega<ve	impacts	include	western	Turkmenistan	
and	Uzbekistan,	where	frequent	droughts	could	nega<vely	affect	coVon	
produc<on,	increase	water	demand	for	irriga<on,	and	exacerbate	
deser<fica<on)	
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Desertification (AR5 WGII) 

•  Deser<fica<on:	Land	degrada<on	in	arid,	semi-arid,	and	dry	sub-
humid	areas	resul<ng	from	various	factors,	including	clima<c	
varia<ons	and	human	ac<vi<es.	

•  Risk	of	erosion	and	deser<fica<on	is	increasing	in	
Mediterranean-type	ecosystems	especially	in	very	dry	areas		
(Mediterranean	=	cool/wet	winters,		hot/dry	summers)	

•  Extent	of	deserts	will	increase	in	the	coming	decades	(medium	
agreement,	limited	evidence)	as	a	result	of	the	strengthening	of	
the	Hadley	Circula<on,	which	determines	the	loca<on	of	the	
broad	band	of	hot	deserts	(~15°N	to	30°N	and	15°S	to	30°S)	
✦  Some	desert	tolerance	mechanisms	(e.g.,	biological	adapta<ons	by	
long-lived	taxa)	may	be	outpaced	by	global	climate	change	
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WGI - Dust aerosols 

Sources : IPCC AR5 WGI Ch 7 and 14"

•  Anthropogenic	sources	of	mineral	aerosols:	
	land	use	change,	water	use	change,	climate	change	

•  Dust	emissions	to	the	atmosphere	are	poorly	quan<fied	(range	x5);	
it	depends	on	
✦  surface	wind	speed		
✦  soil-related	factors	such	as	its	texture,	moisture	and	vegeta<on	cover	

•  Es<mates	of	the	related	impact	on	climate	trough	radia<ve	forcing	
are	highly	uncertain	

•  Future	change	of	dust	loading:		
projec<ons	include	either	increasing	or	decreasing	dust	emissions	
because	the	atmosphere	and	vegeta<on	may	respond	in	different	
ways	(e.g.	CO2	increase	can	reduce	water	loss	in	plants,	resul<ng	in	
reduced	desert	extent	and	dust	emission	is	some	studies)		
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Sand and Dust Storms (SREX 3.5.8.)  

•  In	summary,	there	is	low	confidence	in	projec<ng	future	dust	
storm	changes,	although	an	increase	could	be	expected	where	
aridity	increases.	There	is	a	lack	of	data	and	studies	on	past	
changes.	There	is	also	a	lack	of	understanding	of	processes	such	
as	the	rela<ve	importance	of	different	climate	variables	affec<ng	
dust	storms,	as	well	as	a	high	uncertainty	in	simula<ng	important	
climate	variables	such	as	soil	moisture,	precipita<on,	and	wind	
that	affect	dust	storms.	
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Impacts of dust Storms (SREX 4.4.2.4) 

•  Dust	storms	have	nega<ve	impacts	on	agriculture,	health,	and	
structures.	
✦  They	erode	fer<le	soil;	uproot	young	plants;	bury	water	canals,	homes,	
and	proper<es	

✦  cause	respiratory	problems	(worsen	asthma<c	condi<ons),		
as	well	as	skin	and	eye	irrita<ons;		
meningi<s	transmission	is	associated	with	dust	in	semi-arid	condi<ons	
and	overcrowded	living	condi<ons	
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Useful links: 

❚  www.ipcc.ch     : IPCC (reports and videos) 
❚  www.climate.be/vanyp  : my slides and 

candidature to become IPCC Chair 
❚  www.skepticalscience.com: excellent 

responses to contrarians arguments 
❚  On Twitter: @JPvanYpersele 
                and @IPCC_CH 

 


