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What do we want to achieve in this session:

« Overview of methodologies used for water availability risk assessment
carried on across WGI and WGII by mean of specific regional and
topological region examples

 Start a discussion on the fit for purpose of this methodology from the
end users point of view (YOU)

« Can you give us specific examples on what you find useful or what
you would you like to change

* Try to reflect on how you could do it differently
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Human influence has warmed the climate system at a rate
that is unprecedented in at least the last 2000 years

a) 10-year smoothed reconstructed temperature (1-2000) b) Human & natural and Natural simulated temperature
and annual observed temperature (1850-2020) and annual observed temperature (1850-2020)
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- Global surface temperature was 1.09 [0.95 to 1.20] °C higher in 2011-2020 than
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1850-1900, with stronger warming over land (1.59 [1.34 to 1.83] °C) than over the
{Figure SPM 1, SPM Hs1} ocean (0.88 [0.68 to 1.01] °C).
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46 Land regions
15 Ocean regions

Climate consistency and
better representation of
regional climate features

1 GIC Greenlandlceland 23 SAH Sahara 43 NAU NAustrala oy .
2 NWN NWNorth-Amarica 2 WAF WosemAtica “ CAU CAuvereie Sufficiente number of grid
3 NEN N.E North-America 25 CAF Central-Africa 45 EAU EAustralia H
4 WA WicrivAmece 28 NEAF NEsstomAfica @ SAJ SAuraie boxes represented in models
5 CNA C.North-America 27 SEAF S.Eastermn-Africa 47 NZ New-Zealand
6 ENA E North-America 28 WSAF W .Southern-Africa 48 EAN E.Antarctica
7 NCA N.Central-America 29 ESAF E Southem-Africa 49 WAN W Antarctica
8 SCA S.Central-America 30 MDG Madagascar 50 ARO Arclic-Ocean
810 CAR Carbbean 31 RAR Russian-Arctic 51 NPO N Pacfic-Ocean
11 NWS N.W South-America 32 WSB W.Sberia 52 EPO Equatorial Pacific-Ocean
12 NSA N South-America 33 ESB ESibera 53 SPO S Pacific-Ocean
13 NES N.E.South-America 34 RFE Russian-Far-East 54 NAO NAtlantc-Ocean
14 SAM South-American-Monsoon 35 WCA W.CAsa 56 EAO Equatorial Atlantic-Ocean
15 SWS SW.South-Amarica 38 ECA ECAsia 58 SAO S.Alantic-Ocean
16 SES S.E.South-America 37 TIB Tibetan-Plateau 57 ARS Arablan-Sea
17 SSA S .South-America 38 EAS EAsa 58 BOB Bay-of-Bengal
18 NEU N.Europe 39 ARP Arabian-Peninsula 59 EIO Equatorial Indic-Ocean
19 WCE Western&Central-Europe 40 SAS SAsa 80 SIO S.indic-Ocean
20 EEU E Europe 4142 SEA SEAsa 61 SO0 Southern-Ocean

21-22 MED Mediterranean

{Figure 1.18, Figure Atlas.2}
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Climate change is already affecting every inhabited region across the globe
with human influence contributing to many observed changes in weather
and climate extremes

a) Synthesis of assessment of observed change in hot extremes and
confidence in human contribution to the observed changes in the world’s regions

Type of observed change
in hot extremes Nosth —

America
‘ Increase (41)
‘ Decrease (0)

C Low agreement in the type of change (2) , o ,[ = ] e ]

O Limited data and/or literature (2) Amarien

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement
O Low due to limited evidence

Type of observed change since the 1950s Fig . SPM _3

Some recent hot extremes observed over the past decade would have been extremely unlikely to
occur without human influence on the climate system.
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Human influence, in particular greenhouse gas emissions, is likely the main driver of the observed global scale
intensification of heavy precipitation in land regions.

“The frequency and intensity of heavy precipitation events have increased since the 1950s over most land area for
which observational data are sufficient for trend analysis (high confidence)

b) Synthesis of assessment of observed change in heavy precipitation and
confidence in human contribution to the observed changes in the world’s regions

Type of observed change
in heavy precipitation North

America
‘ Increase (19)
O Decrease (0)

Low agreement in the type of change (8)

" :
Central
O Limited data and/or literature (18) America

Confidence in human contribution i?n'f,
to the observed change 7
eee High

ee® Medium @ @

® Low due to limited agreement
O Low due to limited evidence

Type of observed change since the 1950s Fig ) SPM ) 3
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Human-induced climate change has contributed to increases in agricultural and ecological droughts in
some regions due to evapotranspiration increases (medium confidence).

¢) Synthesis of assessment of observed change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in agricultural and ecological drought North

America :
O Increase (12)
‘ Decrease (1)

Low agreement in the type of change (28)

O Limited data and/or literature (4) gz‘::;;

Confidence in human contribution
to the observed change

eee High
ee® Medium
® Low due to limited agreement
O Low due to limited evidence

Type of observed change since the 1950s

Fig. SPM.3
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Observed changes in extremes & their attribution

o ltis likely that the global proportion of major (Category 3-5) tropical
cyclone occurrence has increased over the last four decades, These
changes cannot be explained by internal variability alone (medium
confidence)

“ Human influence has likely increased the chance of compound extreme
events since the 1950s.

* Increases in the frequency of concurrent heatwaves and droughts on
the global scale (high confidence);

% Increases in fire weather in some regions of all inhabited continents
(medium confidence);

* Increases in compound flooding in some locations (medium

confidence).
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Projected changes in extremes are larger in frequency and intensity with
every additional increment of global warming

Hot temperature extremes over land SR s - . : p
P Heavy precipitation over land Agricultural & ecological droughts in drying regions
' 10-‘y§ar gvent 10-year event 10-year event
Frequency and increase in intensity of extreme temperature Frequency and increase in intensity of heavy 1-day Frequency and increase in intensity of an agricultural and ecological
event that 9ccurred_ once in 10 years on average precipitation event that occurred once in 10 years on drought event that occurred once in 10 years on average across
in a climate without human influence average in a climate without human influence drying regions in a climate without human influence
Future global warming levels Future global warming levels Future global warming levels
1850-1900 Present 1°C 1.5°C 2°C 4°C 1850-1900 Present 1°C 1.5 °C 2°C 4°C 1850-1900 Present 1°C 1.5°C 2°C 4°C
- -
£ P §
[} » . »
c); ~ ... ... .. e o... = % B o e o o0 % - o ‘e ) L
- . % oo ] ]
]
> S g
‘i’ g Once now likely will likely will likely will likely g Once now likely will likely will likely will likely
i ill i ill i il i occurs occur occur occur occurs occur occur occur
‘5‘ e n%\évclllll:ily w(n)lizgﬁily wglcgﬁer’y wgl:g{(:"y 8 1.3 times 1.5 times 1.7 times 2.7 times 8 1.7 times 2.0 times 2.4 times 4.1 times
8 2‘8 t-imes 4.1 t-imes 5_6 times 9_4 times & 1.2-14) 14-1.7) (1.6 -20) (2.3 - 3.6) E 0.7 - 41) (10-51) (1.3-58) .7-72)
= (1.8-32) (28-4.7) (38 - 6.0) (8.3-9.6)
Y +40% @ +2sd
< +6°C 8 §
@ g +0% g
g +5°C 5 o | e
2 +4°C e = “
S +3°C G +10% I @ “
é *2°C & o H i & ou ] !
| W= H I Z +6.7% +10.5% +14.0% +30.2% < +0.3 sd +0.5 sd +0.6 sd +1.0sd
— 0°C wetter wetter wetter wetter drier drier drier drier
= +1.2°C +1.9°C +2.6°C +5.1°C
hotter hotter hotter hotter

Figure SPM.6: Demonstrates extremes are already more likely and more intense due to current
warming and these trends will continue with each additional fraction of warming. Fig. SPM.6
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Projected Changes in extremes vs means

FAQ 11.1: How will changes in climate extremes compare with changes in climate averages?
The direction and magnitude of future changes in climate extremes and averages depend on the variable considered.

Climate average Climate extreme
Future changes
in temperature
averages and
extremes will be
similar

- - /v//
S -y
S
0°C 2 4 6 8°C
Climate average Climate extreme

Future changes
in precipitation
averages and
extremes can be
very different

FAQ 11.1 Fig1
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FAQS8.3: Climate change and droughts

In some regions, drought is expected to increase under future warming

25
.
v

Schematic map highlighting in brown the regions where droughts are expected to become
worse as a result of climate change. This pattern is similar regardless of the emissions scenario;
however, the magnitude of change increases under higher emissions.
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Table 12.2 WG| ARG

(WGII Chapter 5)

Forestry systems

O ©_ [CI@HOE

INTERGOVERNMENTAL PANEL oN ClimaTte change

Climatic Impact-driver

Fisheries and aquaculture systems

Cities, Settlements
and Key
Infrastructure
(WGII Chapter 6)

Cities

Land and water transportation

Energy infrastructure

Built environment

Poverty, Livelihoods
and Sustainabl

Housing stock®

Farmland®

Development
(WGII Chapter 8)

Livestock mortality”

Indigenous traditions

Heat and Cold Wet and Dry Wind Snow and Ice Coastal Open Ocean Other
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Crop systems
Food, Fibre and
Other Ecosystem Livestock and pasture systems .
Products

Labour productivity -

Health, Well-being  p1orbi dity -

and Communities

(WGII Chapter 7) Mortality -
Recreation and tourism®

" e
. O

L
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i
y B

2 The Recreation and tourism asset category includes outdoor exercise and the tourism industry (including ecosystem services) assessed in many WGII chapters.

® This asset category is distinguished by the threat of a full loss of key investments and living environments rather than a recover,

None/low - .

Impacts and risk relevance

Each climate change can affect multiple sectors
Each sector is affected by multiple climate changes

”N
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Assessment of CIDs information at reaional scale

Collect information for each line of evidence

Frone e S

Extreme heat

)

defined by one o

a set of indice (Attributio
Relevant climate s @nderstann processes

information is then (Q Identifying relevant processes responsible for
collected for each \—4. \ changes
region and indicator OO Interplay with other drivers (SLCFS, land use...)

and evaluated Connection between human drivers and
physical change

CIDs are ﬁrsJ

CCB10.3 WGI AR6
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Table AVI.1 | Table listing extreme indices used in Chapter 11.

Table AV1.2 | Regional CID indices table and relevant references.

CID Category

Climatic Impact-driver

(from Table 12.1)
and Potential
Affected Sectors

Required
ECVs

Way to
Calculate

Bias
Adjustment

References

Change in cooling demand

TXx Monthly maximum value of daily maximum temperature He | Maximum temperature
TXn Monthly minimum value of daily maximum temperature oC: Maximum temperature
TNn Monthly minimum value of daily minimum temperature e Minimum temperature
TNx Monthly maximum value of daily minimum temperature € Minimum temperature
TX90p Percentage of days when daily maximum temperature is greater than the 90th percentile % Maximum temperature
TX10p Percentage of days when daily maximum temperature is less than the 10th percentile % Maximum temperature
TNSOp Percentage of days when daily minimum temperature is greater than the 90th percentile % Minimum temperature
TN10p Percentage of days when daily minimum temperature is less than the 10th percentile % Minimum temperature
D Number of icing days: annual count of days when TX (daily maximum temperature) <0°C Days | Maximum temperature
FD Number of frost days: annual count of days when TN (daily minimum temperature) <0°C Days Minimum temperature
WsDI Warm spell duraﬂfm index: annual count of days with at least six consecutive days when Dy | T e
Temperature TX>90th percentile
ol ::I(: :z‘e'l: ::rr::‘ot:i} emclex. annual count of days with at least six consecutive days when Days Minimum temperature
SU Number of summer days: annual count of days when TX (daily maximum temperature) >25°C Days [ Maximum temperature
R Number of tropical nights: annual count of days when TN (daily minimum temperature) >20°C Days Minimum temperature
DTR Daily temperature range: monthly mean difference between TX and TN e | Maximum and minimum temperature
Growing season length: annual (1 Jan to 31 Dec in Northern Hemisphere (NH), 1 July to 30 June
GSL in Southem Hemisphere (SH)) count between first span of at least six days with daily mean Days Mean temperature
temperature TG >5°C and first span after July 1 (Jan 1 in SH) of six days with TG <5°C

20TXx One-in-20 year return value of monthly maximum value of daily maximum temperature G ' Maximum temperature
20TXn One-in-20 year return value of monthly minimum value of daily maximum temperature %G Maximum temperature
20TNn One-in-20 year return value of monthly minimum value of daily minimum temperature SC! Minimum temperature
20TNx One-in-20 year return value of monthly maximum value of daily minimum temperature 2€; Minimum temperature

Rx1day Maximum one-day | mm Precipitation

Rx5day Maximum five-day precipitation mm Precipitation

RSmm Annual count of days when precipitation is greater than or equal to 5 mm | Days Precipitation

R10mm Annual count of days when precipitation is greater than or equal to 10 mm Days. Precipitation

R20mm Annual count of days when precipitation is greater than or equal to 20 mm | Days Precipitation

RS0mm Annual count of days when precipitation is greater than or equal to 50 mm Days Precipitation

(1) Maximum number of consecutive days with less than 1 mm of precipitation per day I Days Precipitation

Freceliaton WD Maximum number of consecutive days with more than or equal to 1 mm of precipitation per day | Days Precipitation

RISp :fn;:a‘llv(::il;;r:jm::;: r:::n ";:: :aily precipitation exceeds the 95th percentile T Precipitation

Ro%p ::;u:::;r:;i:;t::i;r;;:g::t when the daily precipitation exceeds the 99th percentile m Precipiation

soil Simple precipitation intensity index | mmday" | Precipitation

20Rx1day | One-in-20 year return value of maximum one-day precipitation mmday" | Precipitation

20RxSday | One-in-20 year return value of maximum five-day precipitation | mmday’ | Precipitation

SPI Standardized precipitation index Months Precipitation

EDDI Potential evaporation, evaporative demand drought index Months Evaporation

SMA Soil moisture anomalies Months Soil moisture

SSMI Standardized soil moisture index Months Soil moisture

Drought SRI Standardized runoff index Months | Streamflow

ssI Standardized streamflow index Months Streamflow

PDSI Palmer drought severity index Months Precipitation, evaporation

SPEI index Months ::':::.:' CEZTEL

Cooling degree days Tas, tasmin, . _
for' erlmergy demand. and above 22°C tacma From projections Yes Spinoni et al. (2015, 2018)
building consumption
Heat, with thresholds e L Hatfield and Prueger (2015);
Heat B scilti Tmax >35°C or 40°C Tasmax From projections Yes Hatfield et al, (2015); Grotjahn (2021)
€ Important for agriculture (TX35, TX40) atiiel al., N rot]a n
Heat stress index . )
combining humidity DA bk e (1: Tasmax, . Burkart et al. (2011); Lin et al. (2012);
X . number of days above From projections Yes
used in occupational 41°C threshold huss, ps Kent et al. (2014)
and industrial health
Heating degree day for Heating degree days Tas, tasmin, o o
» D below 15.5°C i From projections Yes Spinoni et al. (2015, 2018)
Co
Number of frost d:
Frost Lu'm ;.:4': 2y Tasmin From projections Yes Barlow et al. (2015); Rawlins et al. (2016)
From projections
Wet River flooding Flood index (FI) srroff/mrro and simplified No Forzieri et al. (2016); Alfieri et al. (2017)
routing model
Avridity Soil moisture (SM) mrso From projections No Cook et al. (2020)
Drought Standardized Precipitation
Droughts Index accumulated over 6 | Pr From projections No Naumann et al. (2018)
months (SPI-6)
Wind & storm Mean wind speed Annual mean wind speed sfcWind From projections No Karnauskas et al. (2018); Li et al. (2018)
Number of days with
snow water equivalent
Snow/ice Snow season length >100 mm (SWE100) Snw From projections No Damm et al. (2017); Wobus et al. (2017)
over the snow season
(Nov-Mar for NH)
Exti level (ETWL) 1-in-100- t
4 g re|?1e S ) |r.| okl Data from authors No Vousdoukas et al. (2018)
inducing storm surges period level (ETWL)
Coastal - -
Coastal erosion Shoreline retreat ;i Data from authors No Vousdoukas et al. (2020)
and end of century

Annex VI: Climatic Impact-driver and Extreme Indice, s (IPCC
Bsdtissment Report — WG1)
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Assessment of CIDs information at reaional scale

Collect information for each line of evidence

GRS
1. Collection and assessment of the fitness-for-purpose of available information
Any specific climate change that is regionally relevant is assessed looking at lines of evidence, potentially across multiple indices. For
example, several definitions of ‘drought’ exist that refer to a variety of the underlying processes, temporal and spatial scales, as well as
sectoral applications and associated impacts (Sections 11.6 and 12.3). Such diverse definitions need to be gathered from the relevant
literature, compared, and individually assessed if appropriate.

Once the indices of change are properly defined, the relevant climate information is collated from the available sources.

dliu cvaluailcu LUIHTITLUUIT VTLWECIHI TIulnal urivers alivu
‘ %Z physical change

CCB10.3 WGI AR6
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Regional assessment short summary ...

Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected
ith hi ce (dark shade) or medium confidence (light shade)

to increase or d

(a) @

(@)

@ @ S

Heat and Cold| Wet and Dry Wind Snow and Ice Other Coastal
1 i 1 1 1 ] ]
| 3 |
<) £
2 b 2
—_ 3
2 2 g £
g 3 i - s g
= g o g $ % £
E B 2 ® G908 -
= O ° g 9o
g 8 c | s £3 ES | £3 A
o £ <] ) > © o E S 8 £ T8 =
s 8 k= - ° - 8 5 o B o 3 = o 3O L ¢ . 2
bt T I = =3 ®©
o o = 2 = S5/ l2v 58 2 2 E $ 29932 5598 2 »
z 5 8 2 G % Oflsc 29 38 . 5 32 S5t %8 38 8RS
o O c ‘o 8
St<c3 fg8Le | B5fEs o882 TL£fcods ey
L 3 u © 5 6 a3 6 2 8 2 - 2w L 26 g =2 e 0 = = i
2 e = = S5 o3 g E 5 s £ =25 27 7T @
o ¢ o c ;*mB“O:;cs_u - ° g8 2 £ £ c £
R EE R EEEEN (B R R EE R E R R R
° 2 9 T > o = ] o 0 © 3 S 8 0 9 & 9
S sHCEE g8 R FESSETIISIELEEO0=0
2
Z 0Q0QQIRPQPQPRORORP OO Q0QQQQQ0Q
55
45

35
25 I I

B @

Open Ocean

NUMBER OF OPEN-OCEAN REGIONS
~O Mean ocean temperature
~O Marine heatwave

O Dissolved oxygen

O Ocean acidity
O Ocean salinity

15

25

35

45

59

BAR CHART LEGEND
B Regions with high confidence increase
B Regions with medium confidence increase

B Regions with high confidence decrease
Regions with medium confidence decrease

LIGHTER-SHADED ‘ENVELOPE’ LEGEND

The height of the lighter shaded ‘envelope’ behind each bar
represents the maximum number of regions for which each

— CID is relevant. The envelope is symmetrical about the x-axis
showing the maximum possible number of relevant regions
for CID increase (upper part) or decrease (lower part).

ASSESSED FUTURE CHANGES

Changes refer to a 20-30
year period centred around
2050 and/or consistent
with 2°C global warming
compared to a similar
period within 1960-2014
ar 1860-1900

hanges of CIDs related to the water cycle have a more
region specific distribution

All regions are projected to experience changes in at
least 5 CIDs.

96% of regions are projected to experience changes in
at least 10 CIDs.

50% of regions are projected to experience changes in
at least 15 CIDs.

Figure SPM.9 WGI AR6



SIXTH ASSESSMENT REPORT IDCC & &

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL on ClimaTe Chanee  wmo uNEr

Multiple climatic impact-drivers will change in all regions of the world
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Multiple climatic impact-drivers will change in all regions of the world

While changes in climatic impact-drivers are projected everywhere, there is a
specific combination of changes each region would experience

(a) World regions grouped into five clusters, each one based on a combination of changes in climatic impact-drivers

Assessed future changes: Changes refer to a 20-30 year period centred around 2050 and/or consistent with 2°C global warming compared to a similar period
within 1960-2014 or 1850-1900.

1) Hotter and drier

2) Hotter and drier and in
some regions wetter
extremes

3) Hotter and wetter

@ extremes and in some
regions more precipitation or
fire weather

. 4) Hotter and wetter and in
some regions more flooding

5) Hotter and in some
. regions wetter extremes or
more precipitation

All coastal regions except North-East North America (NEN) and ®  6)Increase in Tropical
Greenland/lceland (Glcs)wul be exposed to at least two among cyclones intensity or Severe
increases in relative sea level, coastal flood and coastal erosion winds

Combinations of future changes in climatic impact-drivers (CIDs)

LEGEND

CIDs changing in all the
ions of the cluster with
high confidence

CIDs changing in some
ions of the cluster with

high and sometimes with

medium confidence

0] 2
& Hotter —— | Hotter and more fire weather
and in some regions more and in some regions more pluvial
e | fire weather or drought or flood ormught or less mean
both ~ | precipitation or snow and ice or
combinations of these

(4) (5)
@—‘ Hoﬂer less snow and ice and  @@-| Hotter and less snowlice @ Hotter
more P'"‘"ﬂl ﬂooa"‘ﬂ and in some regions more and in some regions more
o and in some regions more R:mnal flooding or river [ = ‘ pluvial ﬂ°°d'"9 or mean
‘ g,eclpltabon or fire weather or W n%gr mean precipita- precipitation or bo!
n or

increase in mean
temperature, extreme heat

Cold
decreass in cold spell, frost

Drou
increase in aldl Imtclogcd
aqulntd drought

Snow and Ice
decrease in snow, ?Iacisr
and ice

pnclplmon pndplhﬁon
decrease increase

e @
KW,
River Pluvial
flooding flooding
Increase increase

Figure TS.22 WGI AR6
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River flood

High confidence of increase Medium confidence of increase Low confidence in directon of change  Medium confidence of decrease High confidence of decrease Not relevant

the 'y for €.2 and Figure SPM.9).

@®

River flood (Projections)
The Interactive Atlas provides regional synthesis of observed trends and projected changes in climatic impact-drivers (CIDs) from the Technical Summary (Section TS.4 and Table TS.5) and

OVERNMENTAL PANEL ON
climate change

11-11-2022 00:13:19 http://www.ipcc.ch/copyright

WWW.IpCC.C

Interactive Atlas: interactive-atlas.ipcc.c

High confidence of increase Medium confidence of increase Low confidence in directon of change  Medium confidence of decrease High confidence of decrease Not relevant

PR N PR (]
Heavy precipitation and pluvial flood (Projections)

The Interactive Atlas provides regional synthesis of observed trends and projected changes in climatic impact-drivers (CIDs) from the Technical Summary (Section TS.4 and Table TS.5) and

the Summary for Policymakers (Subsection C.2 and Figure SPM.9).

(UG

NTERGOVERNMENTAL PANEL ON
climate change

11-11-2022 00:12:56 http://www.ipcc.ch/copyright


http://www.ipcc.ch/
interactive-atlas.ipcc.ch

SIXTH ASSESSMENT REPORT

Working Group | — The Physical Science Basis

WET AND DRY

S0080 00

www.ipcc.ch

Mean precipitation X

River flood

Heavy precipitation and pluvial
flood

Landslide X

Aridity X

Hydrological drought X
Agricultural and ecological
drought

Fire weather X

Mean precipitation
Landslide

Aridity
Hydrological drought

Agricultural and ecological drought
Fire weather

Future projections ..with confidence Observed trend ..with attribution
Increasing High T Upward T High T Low
Medium Il Iy !
Decreasing Downward High Low
Low
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Table 12.6 | Summary of confidence in direction of projected change in climatic impact-drivers in Central and South America, representing their aggregate characteristic changes for mid-century for
scenarios RCP4.5, SSP2-4.5, SRES A1B, or above within each AR6 region (defined in Chapter 1), approximately corresponding (for CIDs that are independent of sea level rise) to global warming levels between 2

Table 12.3 | Summary of confidence °
SRES A1B, or above within each AR6
for more details of the assessment r

Table 12.7 | Summary of confiden

SRES A1B, or above within each AR i section 12.5.2. and 2.4°C (see Section 12.4 for more details of the assessment method). The table also includes the assessment of observed or projected time-of-emergence of the CID change signal from the natural interannual variability if found

for more details of the assessment
in Section 12.5.2.

with at least medium confidence in Section 12.5.2.
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Region s _ -
North Africa’
Reaion Sahara (SAH) -
Western Africa (WAF) Southern Central America (SCA)
Mediterranean (MED) .
Central Africa (CAF) North-Western South America (NWS)
Western and Central Europe (WCE) North Eastern Africa (NEAF) Northern South America (NSA)
Eastern Europe (EEU) South Eastern Africa (SEAF) South American Monsoon (SAM)
West Southern Africa (WSAF) North-Eastern South America (NES)
Northern Europe (NEU) -
East Southern Africa (ESAF) South-Western South America (SWS)
® Already emerged in the historical § | Madagascar (MDG) South-Eastern South America (SES)
® Emerging by 2050 at least in scenanos KLFS.5/53P5-8.5 (megium 1 | Southem South America (SSA)

Emerging after 2050 and by 2100 at least in scenarios RCP8.5/SSP5-8.5 {medium to high contidence)

_ Medium confidence | Low conficencein | High confidence
of decrease direction of change of increase

AR6 WGI-Chapter 12, Table 12.17
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(b) Observed impacts of climate change on human systems

Impacts on
water scarcity and food production

Animal and  Fisheries
Agriculture/  livestock  yields and

Human crop health and aquaculture _Confic_ien;e
systems § scarcity JQproduction productivity production in attribution
to climate change
@ High or very high
Global ° ° @ Medium
. L
Africa ° Q o
) Evidence limited,
Asia 9 ° insufficient
Australasia ° 9 ° na Not applicable
Central and
South America ° 9 °
cuope © © ©
North America 9 e Impacts
to human systems
Small Islands ° ° ° in panel (b)
Arctic 9 ° ° = Increasing
- adverse
Cities by the sea ° impacts
Mediterranean region Increasin
@ @ © s Increasing
Mountain regions 9 ° and positive

impacts Figure SPM.2 WGII AR6
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Rapid assessment of relative risk by sector and climate hazard for North America
based on an assessment of asset-specific vulnerability and exposure across climate hazards

Heat Wet Snow Coastal
and cold and dry Wind and ice and oceanic Other
A Y& o & = )
Level of risk — ] s ]
. Vary high € % ® §
High 5 3 i § il
S § 1 S
[ Maoderate £ 8 g 3 % ﬁ = E’ 2
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S - =4 s 2
Not applicable |4 3 §""J$° 2 & S =2 Sgggcggg S a
ol g R 283, 8z 59RESESELEZ 8w
or not assessad g - g'g§0 ?;cgg_E? §3csoug§g§‘c’g¥c
288 S25§. 5285522 sSseangfz8s3:48% 8
§Exg§s2 289§z ss 258 8CE3EsETF8: 3
8325528833525 83283 S2=S85s858SE %
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Indigenous traditions .-.. . ..
Marine transportation .
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L

L

Safety and security .. . .
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|
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n

|
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communities
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Built environment .

||
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Risk of pluvial flooding and meteorological drought

Projected changes in risk levels across the 65 largest European cities Very highrisk e Northem Europe Large population size
High risk e Western Central Europe Medium population size
Moderate risk @ Southern Europe Low population size
Low risk
Mid future (2041-2060) Far future (2081-2100)
Low <«———— Vulnerabilty —— High Low <«———— Vulnerabilty — High
4.0+ 4.0+

Pluvial flooding |

Increase in risk from pluvial flooding r H
is expected to be high to very high in 3 Ol 304k
Northern Europe and some cities in ™" '

Western Central Europe + - LA ® >
20] 0 O aimege o
P
| g [
Unit: Additional events of extreme [ @ o ° L P )
i 1.0+ ® 1.0+ ®
precipitation (i.e. p>P99) per year .’... > ® . .
compared to the period 1995-2014 | Q@ -8 @ i . e .'
0 R q ) tq: 4 0 R— &—OJ :
10 20 307 4. 50 60 ~/0 80 90 100 10 20 4 40 50 @60 ‘0 80 90 100
| °.
-1.0 -1.0
-2.0 -2.0

Meteorological drought 50g 503
Increase in risk from drought is
expected to be high in Southern 40+ °
Europe, being high by mid cetunry Q.
and very high by the end of the 3.0 = o 3.0+ a ® .
century ‘ a0 “ ° )
20" ° 201 ® .
Unit: Additional drought events per 4 ¢ | “’ 10 PS | ()
decade compared to the period . 3 . . .’
1995-2014 0 . ‘ . : [ J ‘ A .
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Figure 13.17 WGII AR6
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Low adaptation: largely sporadic and

Western and (a) Inland flooding risks Business-As-Usual. Coordination and
ooumemEupE  Cen Eurdpe e mainstreaming are limited and
( | S fragmented.
: | E 5 3¢ . .
4°C ‘ L ° ’ °
S, . i S o . Medium adaptation: Adaptation is
S 3¢ o £ o ) ) ) .
5 o S expanding and increasingly coordinated,
= o < . . . . .
8 . £ 1°C . . including wider implementation and
2 70 o ° I ) . .
5 . ‘ : S ’ multi-level coordination.
& ® 0°C
£ 1°C ° |: : River and River and
= o i i i : . g 0 0
g : p'uyi'g"(sf"v’j;?h'”g p.'“rvi'sak'sf';’v?tﬂ'.”g High adaptation: Adaptation is
A el widespread and implemented at or very
adaptation adap?ation adaptation adap?ation near its full potential across multiple
Level of r|§k Confldenfe dimensions.
Level of risk Confidence = \l_/ig% high s ¢
= \H/[egrz high R Moderate oW — High
i et Low —» High | Undetectable

|| Undetectable IPCC WG2 ARG Figs. 13.31a-13.32a IPCC WG2 Chapter 16
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Adaptation pathways water scarcity

Diversification of sources : Q Transfer to another measure
(re-use, desalination) U 1

Water reservoirs and storage —— i

Supply

—— Measure has reached a tipping point
Water diversion and transfer =

Now

Monitoring and
operational management

Water savings and efficiency — < ):

Pricing, taxation =—

Demand

Regulate distribution ——

land-use management, | Lead time (") |
\ land cover change

Global warming level Low Medium High
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(re-use, desalination)

Water reservoirs and storage ——
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Adaptation pathways water scarcity

Diversification of sources

Q Transfer to another measure

- (re-use, desalination) L ) }Eﬁj
& | Water reservoirs and storage —— < o :
? —| Measure has reached a tipping point
Water diversion and transfer — < ERLIEEIEEEE
Now —« | ] e Measure has reduced effectiveness
Monitoringand
operational management 1.
Water savings and efficiency — ( } ! 1. Under medium global warming, the portfolio of demand side
2 measures needs to be combined with transformative measures
e Pricing, taxation == " divercifieati
g ’ inc diversification of sources or land-use/cover changes.
(]
Regulate distribution ——
Lead time ( D) e = : - : :
land-use management, ___ \ ). = 2. Under high global warming a large portfolio of measures is
\__ [landcover change ,  needed o reduce risk to water scarcity sufficiently, and this
Global warming level Low Medium High may not be possible to avoid water shortage.
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Observed and projected hazards in Central and South America

Observed Projected

Hazards Direction of hazard Confidence in attribution
Mean temperature Extreme heat ® ® © ® ee ®®®  Central America (CA) * Northwestem South
Cold spell and frost I Mean precipitation Increase Incarﬁgse Decrease Low  Medium  High America (NWS) ¢ quthern South America
Extreme precipitaltion Dr.ou.ght] dryness and anaty | derease (Nﬁér)tr.aeS:sl:Lhr r‘f"S":thﬁaA’\fno;i‘;o("N(ggw )
Figure 12.6 WGl AR6 | Lt e o

Southern South America (SSA)
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Synthesis of key risks for the CSA region. The base map indicates the mean temperature
change between the SSP2 4.5 scenario using CMIP6 model projections for 2081-2100 and a
baseline period of 1986—2005 (WGI AR6 Atlas, Gutiérrez et al., 2021).

Sectoral distribution of julnerabilityjto climate change for Central and South America ke m by subregion S s g
X ) Model projection CMIPS, period 2081-2100,
(a) Vulnerability and confidence level by subregion and sector in Central and South America scenario SSP2 4.5. Baseline 1986-2005
Sectors
Key risks
b i ii (1) Risk of food insecurity due to frequentiexireme droughts
G Health + Central and South America (Medium confidence)
> ‘f'e't-*?;‘rig ;ggﬁ:‘;g‘yc A, (2) Risk to lfe and infrastructure due to fioods and landslides
*weh e ecosysiams + CA, NWS, NSA SAM, SES, SWS (Medum confidence
6 (3) Risk of water insecurity
. + CA, NWS, SAM, NES, SES, SWS (High confidence)
cool. Vuinerability level 2
% (4) Risk of severe health effects due 1o increasing epidemics (in particular vect
e . Very high @ ’ + CA, NWS, NSA, SAM, NES, SES, SWS (High confidence
|
/ High @ A (5) Systemic risks of surpassing infrastructure and public service systems
» Central and South America (Medium confidence)
Moderate
Low <& (6) Risk of large-scale changes and biome shifts in the Amazon
Z + NSA, SAM, NES (Medium confidence)
Central America (CA) +
% (7) Risk to coral reef ecosystems due to coral bleaching Nerthwestern South America
+ CA, NSA, NES (High confidence) {(NWS) » Northern South
y Confidence scale America (NSA) « South America
of vuinerability level T , - " % 4 Monsoon (SAM) » Northeaste
& (8) Risk to coastal socio-ecological systems due 10 sea level rise, storm surges and coastal erosion Monsoon (SAM) + Northeastern
o ‘: f' > . ae oes + CA_NWS, NSA NES, SES, SWS, SSA (Medium confidence South America (NES) »

Southwestem South America
(SWS) » Southeastem South
America (SES) + Southern
South America (SSA)

) Low Medum High

Figure 12.11 WGII AR6
Figure 12.7 WGII AR6
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Changes in water: from attributed impacts to projected risks in

ssssss

Detection and attribution of climate change
impacts :
Exposure: mountain areas and mountain "° -

Human Society Ecosystems

people e ncluing ey
Vulnerability in mountains (some data —
challenges)

Wate r related rISkS The risk propeller shows that risk emerges

from the overlap of:

. Climate hazard(s)

I ‘ Vulnerability ExposureI

...of human systems, ecosystems
and their biodiversity
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Detection and attribution of changes in water availabilit

Table SMCCP5.5 | Water: River, lake, flood, drought {Code: W). Abbreviations in table: Local Community Perception (LCP), Confidence of detection (Conf. Det.), Contribution of
climate change (Contr. C.C.), Confidence of attribution (Conf. Att.) and Negative or no negative impact (Neg / x). Confidences and contributions can be I=low, m=medium, h=high

and vh=very high.
Code IPCC contmental  Region location/ Country ~ Conf.Det.  ContnCC.  ConfAtt  Neg/x Detection and attribution of observed impacts of anthropogenic climate change in mountain regions
wi Africa East Africa Upper Blue Nile h I-m m X
w2 ol 2ans L km b ey . . . Central and North
b ) A New South Wales, AU Ll h = Neg Africa Asia Australasia  gouth America America Europe Global
w4 Asia South Asia SW Ghats, India I m I Neg
: S—T T S— | EX0 EXO EXEE o B
We Eul h
e e = = 2 = - 1 6% - 7 |2 2 - % 4t 8 | o 9 o - 107 2%
w7 Asia Central Asia Tarim River, Tien Shan h h m-h X
ws Asia Central Asia Tarim River, Tien Shan I-m m m X
we Asia Central Asia Tarim River, Tien Shan m h m-h X
ws Asi Central Asia Tarim River, Tien Shai I I 3 % o o . o o .
d = - ""'M i - did = Detection Confidence Attribution Confidence Contribution of Climate Change
wio NA North America Rockies, Canada h h h X
wi1 csA Andes Cord. Blanca, Peru h mh mh Neg o oo Lbdd LAl -- -
wi2 Asia Middle East Anatolia, Turkey mh h mh X Low Medium High Veryhigh Low Medium High N\ X~ Llow Medium High
wi3 Europe Alps Switzerland h h h X
w4 Europe Scandinavia Asctic Norway m-h m-h m-h X
= = i _—
wis A NorhAmenca | Rockies, Canada mh mh mh Neg o of negative impacts 7 " Number of = % of local community
Wi6 NA North America Rockies, Canada mh m m-h X -- references  perception
wi7 Europe Alps Rhone, Po, Danube, Europe h-vh m-h m-h X
" p— e S D = o , Neg Not assessed 0-25 25-50 50-75 75-100
wig Europe Alps Europe m m m X
w19 Europe Alps Austria m-h m-h m-h X
w20 Asia Himalaya Nepal, India km m km Neg
w21 CSA Andes Argentina m-h m km X
w22 Asia Himalaya Nepal m m 1 Neg
w23 Asia Karakoram ("’"a':: Eastem m mh m X
w24 Asia Himalaya India m m km Neg
w2s Asia Himalaya Upper Indus h m Neg
w26 Asia Central Asia Syr Darya, upper reaches m m-h m-h X
W26 fsia Central Asia Syr Darya, lowesdimidle m I 1 Neg
; Columbia River, South and
w27 NA North America iy eana m h h Neg
w2s NA North America BC, Canada m m m X

IPCC WG2 AR6, CCP5-SM
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IPCC WGI AR6 CH12
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Figure 12.9 | Projected changes in selected climatic impact-driver indices for Europe.
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Figure 12.10 | Projected changes in selected ClimatiC impact-driver indices North America.

Figure 12.6 | Projected changes in selected climatic impact-driver indices for Asia.
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Figure 12.5 | Projected changes in selected climatic impact-driver indices for Africa. . ms km? s

A

Figure 12.8 | Projected changes in selected climatic impact-driver indices for Central and South America. Figure 12.7 | Projected changes in selected climatic impact-driver indices for Australasia

Ranasinghe, R., Ruane, A. C., Vautard, R., Arnell, N., Coppola, E., Cruz, F. A, et al. (2021). “Climate Change Information for Regional Impact
and for Risk Assessment,” in Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change, eds. V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, et al. (Cambridge University Press).

Available at: https://www.ipcc.ch./.
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Measuring exposure: mountain population and area

Table SMCCP5.2 | Comparison of 2015 pepulation estimates in mountain regions in CCP Mountains, according to various combinations of available population data sets and
mountain delineations.

Mountain population 4 d M
T L Kapos et al. (2000) (K1) Kdrner et al (2011) (K2) Karagulle et al (2017) (K3) D e C I e O n m O u n ta I n
GPW v 11 7.329,886,101 1,285,255,489 746,806,057 2,289,068,972 - -
— S T e e delineation and
LandScan 7,284,273,061 1,025,345,709 355,300,352 2,079,259,051
WorldPop 7.330,048,571 1098,621,501 498,107371 2,150,488,502 p O p u I a t i O N d a t a S et

Table SMCCP5.1 | Mountain population estimates for 2015 according to the GPW v4.11 population grids (CIESIN, 2018) and the mountain extent delineations in the CCP
Mountains based cn Kapos (2000) ('K1°), presented in Figure CCPS5.1 a).

Mean mountain pop-

Present mountain

\ 4

IPCC region Total population 1O m’;’;’:r"" - ('l'(‘:’)“(';;‘n‘,'; e ulation(:::gﬂ (K1) m’;‘:;fum‘:;

Africa 1,135,725,637 227800121 3,851,791 59.1 201
Asia 4,329,236,682 720,315,545 15,915,570 453 16.6
Australasia 25,332,636 533,142 379,626 14 21

Central and South America 462,618,762 138,261,907 3,581,164 386 299
Europe 778,521,501 115,851,128 2,272,365 51.0 149
North America 480,613,418 63,751,007 5418728 1s 133
Small kslands 70,993,314 16,578,003 321,752 515 234

population (based
on 2015)

Table SMCCP5.3 | Projected changes in population in mountain regions between 2015 and 2100 per IPCC WGII Continental Regions and SSP presented in Figure CCP5.1 ¢)
according to the mountain delineation in CCP Mountains, based on Kapos et al (2000).

Central and

SSP Africa Asia Australasia i Europe North America Small Islands . .
1 107,571,973 -242,813,434 768,769 -27,709,931 -21,864,257 1,481,885 3,442,860 P rOJ e Ct I O n S Of
2 247,669,056 -39,672,332 799,800 16,549,311 -3,319,602 18,972,817 14,428,853 .
3 492,860,214 369,312,026 161,430 116,645,357 18,321,332 44,835,727 34,972,666 p O p u I a t I O n fo r
4 415,817,525 —34,744,573 527,104 15,551,434 -27,053,252 -3,214,268 26,681,907 d . f f
5 98,426,392 247,621,276 1,637,941 -35,651,905 4,058,843 12,336,809 2,074,022 I e r%&t\/\%§ Eré’ CCP5-SM
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Measuring exposure: mountain population and area

Delineation of mountain regions, population densities and projections

(a) Delineation of mountain regions and population densities in 2015

IPCC WGII Continental Regions * Global population in mountain regions 1283 million people

—— Asia

—— Africa

—— Small Islands

— Australasia

— North America

—— Central and South America
— Europe

+ Global mountain area 31.74 million km?

Europe: 2.27

Asia: 15.92

Population density in
mountain regions (people/km?)

1 15 525 25100 >100

D Non-mountainous/ out of scope
regions. The assessment excludes
Svalbard, Greenland and Antarctica |

-750 15

Small
Islands: 0.32

Africa: 3.85 0.53

o

150 5
15 <1

Population in Mountain area (million km?)

mountain regions  c,aracterised as a combination of

(millions of people)  glevation (greater than 300 m.a.s.l.),
slope and relative relief (ruggedness),
based on Kapos (2000)

IPCC WG2 ARG, Fig. CCP5.1a

Central and South
America; 3.58

Australasia: 0.38




Population projections as proxies of future exposure

(b) Global population projections in mountain regions by 2100 for different SSPs

2500
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of people 950

—— —O t‘h======:fjj'_, :' O
1500 - *— o —e
. N
1000
500
0 I | x x | | { 1 |
2020 2030 2040 2050 2060 2070 2080 2090 2100

(c) Projected population changes in mountain regions for different SSPs from 2015 to 2100, per IPCC WGII Continental Region
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300 -
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IPCC WG2 ARS, Fig. CCP5.1b
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Assessing vulnerability in mountains

e Only qualitative evidence from mountains and in generally very scattered
e Global vulnerability can be a proxy for mountain vulnerability but has obvious

Observed human vulnerability differs between and within co. | Biindnis RUMR RUB

how climate hazards impact people and society i i - BOCHUM
Entwicklung Hilft Vulnerability

(a) Map of observed human vulnerability based on two comprehensive global indi gyt com’ [ e M1 s €320 30 B3 Sphere of societal vulnerability consisting of susceptibility, lack of coping & \ | F H \/

selected local vulnerable populations and Indigenous Peoples Gemeinsam fiir Menschen in Not capacities and lack of adaptive capacities \_’y

North America 7 -,/'/z, ‘) 0) 7
900 - Z

//é/’/ Small islands

/ P
//, o)e@@

%, Small islands

) | ’ | - I

%y South America % Z4
& B low 991 - 15.87

’4

‘) Q) 0 @ ////// B medium 15.88 - 24.43
/ W high 24.44 - 33.01
é‘ @ ¢ M veyhish 3302 - 10000

= ) no data a © Bundnis Entwicklung Hilft 2022

IPCC WG2 ARS, Fig. TS.7 https://weltrisikobericht.de/weltrisikobericht-2022-e/#tworldriskindex



a) Importance of mountain regions for lowland water resources (2041-2050, SSP2-RCP6.0)

IPCC WG2 ARS, Fig. CCP5.2a,b
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Rlsk iInterconnections: from mountains to the lowlands

Extent of importance
and dependence

Essential but
vastly insufficient

Essential
but insufficient

Essential
and sufficient

Supportive

Minor

Negligible

No surplus

Share of mountain
area in total
catchment area <5%

Regions relaying on glacier- and
snow-melt for irrigation will face
erratic water supply and
increased food insecurity
(already irreversible).

Damages and losses from water
related hazards such as floods
and landslides are projected to
increase between 1.5°C and 3°C.
Globally projected increase in
direct flood damages are 2.5-3.9
times higher at 3°C compared to
1.5°C.



Risks to livelihoods and the economy from changing mountain water resources

between 1.5°C and 2°C Global Warming Level in AR6 WGI reference regions

Risk
Very high
. High
Moderate
Low
Confidence
eee  High
oo Medium
° Low

Mountain regions

ARG WGI reference regions

> O @

Dotted border between TIB and SAS is due to
discrepancies between studies referring to the Southern Himalaya as part of SAS,
and the new AR6 WGI reference region delineations which include most of the Southern Himalaya in TIB.

The risk levels are calculated by further disaggregating the data and time period and
assumptions on hazards (H), exposure (E) and vulnerability (V) level. Risk levels are between
0 and 1 and corresponds to low (0-0.25), medium (0.26—0.50), high (0.51-0.75) and very
high (0.76-1). T

IPCC WG2 ARG, Fig. CCP5.6

Screenshot of a small
part of the data table
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Bringing all together: risks from changing water resou |

WMO

=/
8

IPCC WG2 AR6, CCP5-SM

IPCC continental IPCC reference Risk index Risk level (normal-  Sub-region aver-
region aged risk level
Africa CAF 2 1 025 025
Africa NEAF 2 1 025 0.42
Africa NEAF 6 2 05 0.42
Africa SAH 1 1 025 025
Africa SAH 2 1 025 025
Africa SAH 2 1 025 025
Africa SEAF 2 1 0.25 041
Africa SEAF 6 2 05 041
Africa WAFS 2 1 025 041
Africa WAFS 6 2 05 041
Africa WAF 2 1 025 041
Africa WAF 6 2 05 041
Asia ARP 8 2 05 058
Asia ARP 12 3 075 058
Asia EAS 8 2 05 0.66
Asia EAS 18 4 1 066
Asia ESB 4 2 05 058
Asia Es8 12 3 075 058
Asia ESB 8 2 05 058
Asia SAE 4 o 05 050
Asia SAE 6 2 05 0.50
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Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
term compared to 2030.

Energy

AFOLU

Buildings

Transport

Industry

Other

Mitigation options

[ Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)

Bioelectricity with CCS

Reduce CH, emission from coal mining
L Reduce CH, emission from oil and gas

[ Carbon sequestration in agriculture
Reduce CH, and N,0 emission in agriculture

Reduced conversion of forests and other ecosystems

Ecosystem

p inable forest
Reduce food loss and food waste
L Shift to balanced, sustainable healthy diets

[ Avoid demand for energy services
Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock

L Enhanced use of wood products

[ Fuel-efficient light-duty vehicles
Electric light-duty vehicles
Shift to public transportation
Shift to bikes and e-bikes
Fuel-efficient heavy-duty vehicles
Electric heavy-duty vehicles, incl. buses
Shipping — efficiency and optimisation
Aviation — energy efficiency

L Biofuels

[ Energy efficiency
Material efficiency
Enhanced recycling
Fuel switching (electr, nat. gas, bio-energy, H,)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

L Reduction of non-CO, emissions

[ Reduce emission of fluorinated gas
Reduce CH, emissions from solid waste

L Reduce CH, emissions from wastewater

GtCO,-eq yr'

Potential contribution to net emission reduction, 2030 (GtCO,-eq yr-')
4 6

Net lifetime cost of options:

I Costs are lower than the reference
[T 0-20 (USD tCO,-eq)

I 20-50 (USD tCOz-eq™)

I 50-100 (USD tCOy-eq”)

I 100-200 (USD tCO-eq)

[ Cost not allocated due to high
variability or lack of data

+——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

Figure SPM.7 | Overview of mitigation options and their estimated ranges of costs and potentials in 2030.




