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LTGG  Reasonsforconcern allow ecosystems to adapt naturally...
- RBEBRN!. ensure that food production is not
threatened...

4

Comparing affected sectors and long-
term global goals (LTGG) with respect to:

2
1.5 Key risks of impacts
0.8 —/———————— 2o Avoided impacts
e oo )N
£ & F & )
@%‘ -OQQ @_Q, Qq&’b { //]
Qs ; \Qa D \““ . .
&‘b‘\i&‘& Q@"& @'o@ b&"‘" - Key climate drivers:
& SR « Temperature
Level of additional * Precipitation
risk due to climate . . - o .
change (see box 2.4) Ocean warming, acidification
Very high and loss of oxygen
High * Extreme events
Moderate

Undetectable I D C C (ﬁi} &)
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P ————— or-2003-2012

Level of additional
risk due to climate
change (see box 2.4)

Very high
High
Moderate
Undetectable

0.8°C

....Climate change: observed impacts

on all continents and in all oceans,
e.g.

e Species displacements (marine,
freshwater and terrestrial)

* Increase in crop production
constrained

* Forest dieback due to drought
and heat

* Some unique systems at
moderate risk from climate
change (...risk may rise if
combined with other pressures)

(]
I D c C ) fay
. \\/l' v
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Observations: .
Loss of live coral cover ,
due to various drivers | Crown-otthoms sarfsh |

M Cyclones
B Bleaching

1986 1991 1996 2001 2006 2011 1986 1991 1996 2001 2006 2011 S W
e

erons ' ‘ ‘ B 4 3




Latitudinal shifts occurred during the Last 0.8°C

Interglacial (LIG) compared to today (A SST < 1°C)

...but today’s reefs will be increasingly constrained
by ocean acidification (OA) and other pressures

Pco, (ppm)

“HAle 280

O Recent | 320 - 380

present day OA
1

20

observed projected

E istorical
g 81
T RCP2.6
(0] e
© T 80
- N b ___T
= o Q.m
"c—s' RCP8.5
_
77 ‘ ‘ ‘ ‘ ‘
1850 1900 1950 2000 2050 2100
o
AN
1
o
<Ir —]

North Leading North Trailing  South Leading  South Trailing

Kiessling et al. (PNAS 2012)



(B) Risk for marine species impacted by ocean acidification only, or additionally

by warming extremes
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Vulnerable taxa
increasingly
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water reefs
marginalized

20 to 50%
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Projected pH, temperature for 2081-2100
Observed pH, temperature

(temperature in °C relative to 1986—2005)
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(A) Risk for terrestrial and freshwater species impacted by the rate of warming| 1 5°C

o
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oo
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Rate of climate change (°C per year)
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o
|

0.00

2°C
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= m:'ammals < |
S | @ntkeepup | Nl .- | RCP8.5 (2050-2090)!
— =
= = ~4°C
=) ©
U] e
P | RCP6.0 (2050-2090) |
Mostrodents, | [ =~~~ TTTTTTTTTTC
primates
and molluscs
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>~ + RCP4.5 (2050-2090) i
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Food security constrained: ....Fisheries 2°C
2051-60: displaced and reduced fish and invertebrate biodiversity

Combined human pressures:
oceans are warming, acidifying, losing oxygen,
affecting presently overexploited stocks.

120+

BACKGROUND:
OVERFISHING caused
predatory fish biomass to
decline

(by = 70%!)

100+

Biomass (%)
3 3
| |

s
(=
1

MEPS 512: 155-166, 2014

N
o
|

0- [ I I 1 1 1
1910 1930 1950 1970 1990 2010




Food security constrained: increase in crop production reduced 0.8°C

5 2

E (19) (27) (18) (10) (13) (12)

©

E_

a 0O —_— e — -

g

2

L ]

£ 2k — ~

T

a

E

=

2 4 - - - = — - = -

> 90t percentile —
75" percentile —

6 ~ Median — -
25" percentile —
10* percentile —
| Tropical Temperate | Wheat Soy Rice Maize
Region Crop type .
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Food security constrained: >1.5°C

>1.5°C: high risk of more severe impacts after 2050

Key risk Adaptation issues & prospects

Reductions in mean crop yields | With or without adaptatiunlneéative impacts on average yields become fikely |
because of climate change and | from the 2030s with median yield impacts of 0 to —2% per decade projected for

increases in yield variability. the rest of the century, andfafter 2050 the risk of more severe impacts increases. |
(high confidence)

...includes effects of

[7.2.7.3, 7.4, 7.5, Box 7-1] redistributed precipitation,
heat and drought events

Climatic . Risk & potential for
drivers Timeframe adaptation o)
Very Very Crop yields
low Medium high increasingly
e m Present declining with
MNear term climate change
(2030 — 2040)
% g
: A A/ || Longterm 2°C
WS @ep || (2080-2100)
L1 4°C

WG” Table TS 4 SYR Table 2 3 INTERGOVERNMENTAL PANEL on ClimaTe change wmo UNEP
; o5, .



Some Arctic summer sea ice may be protected under RCP2.6 1.5°C

Mean over

10.0 ———
Projections 2081-2100

39 (5)

Observations
(reproduced)

~1.5°C

1950 2000 2050 2100

RCP4.5
RCP6.0 |
RCP8.5 |

Northern Hemisphere September sea ice extent (average 2081-2100)

== CMIPS multi-model
average 1986-2005

[] CMIP5 multi-model
average 2081-2100

CMIP5 subset
average 1986-2005

CMIPS subset
average 2081-2100

WGI SPM.7b, 8c



Sea level rise beyond 2100 may challenge natural and human systems:

1.5°C

o Atmospheric 0, ....affecting habitat, freshwater
]  eeras - resources, human society through
< P% ] — RCPS - flood events
5 i RCP 45
~ 1000 — e RCP26 -
500 /_ / ; .
CEELEEE B L rrIrEEr Paleo-observations
2000 2100 2200 2300 2400 2500
Surface temperature change 5-9 m: ...during the last interglacial
. (relative to 1986-2005) (Eemian, 125.000 vya, at 0.7-2°C
5] - above pre-industrial)
= g
E'ki 4 C
23 a2 >7m : ...last time when the
"1 . . , . - atmosphere had 400 ppm
2000 2100 2200 2300 2400 2500
, CO, (in Pliocene, 3-5 Mya
Global mean sea level rise 2 | ’ va)
© (relative to 1986-2005)
7 ! ! E .
6 - RCP6.0, 8.5 WG Figure
s o mhonco, - 12.43 and
1 © medium CO, r
4 UGlewco, = Table 13.8
SEE - SYR 2.8
23 DI EH UH - RCP4.5 1.5°C
1 = ~ °
01 WDI D. j. : i F RCP2.6 : IDCC e
2000 2100 2200 2300 2400 2500 {fl} Wy

Year
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....climate change: ....avoided impacts
5 ....projected impacts

- 4 * climate change velocity slow enough for most
terrestrial and freshwater organisms to follow.

e up to half of coral reefs may remain.

1.5°C L5 * sea level rise may remain below 1 m.
—.—'—— T * some Arctic summer sea ice may remain.
| 'dasxz o ocean acidification impacts at moderate
: 5 levels.
&iﬁi@@i@i@ﬁ ( , \]
& @‘% &a&i@iﬁ@) N e Capacity to increase food production reduced
Q-Q\&“% ¢ ¢ (}6&\?\ o further with some scope for adaptation.

e some unique systems at high risk.

Level of additional
risk due to climate

dangees Baee) * more than half of coral reefs may be lost.
Very high
High
Moderate

Undetectable I D CC @) &

INTERGOVERNMENTAL PANEL on ClimaTe change WMo UNEP

* risks of combined ocean acidification and
warming become more prominent.



Level of additional
risk due to climate
change (see box 2.4)

Very high

High
Moderate
Undetectable

—-2003-2012

....climate change: ....avoided impacts

....projected impacts

climate change velocity becomes too high for
some species to move sufficiently fast.

long-term sea level rise may exceed 1 m:
coastal habitat loss, flooding, seawater
inundation.

Arctic summer sea ice may be lost.
some unique systems at very high risk.

e.g. coral reefs and sea ice systems
marginalized.

risks of combined ocean warming and
acidification become high.

crop production at high risk with some room
for adaptation

IpCC
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....climate change: ....avoided impacts

s ....projected impacts
>>2°C '

* most projected ecosystem impacts effective at
high risk levels

* loss of biodiversity, highly reduced fisheries
catch potential

e crop production at very high risk.

Loz ® Climate change velocity much too high for
terrestrial and freshwater species to move

© H » & sufficiently fast.
&L &8 @ '
) W

& : :
*“”éi & @.9@ 0\)@@:&@ * |ong-term sea Ievgl rise by far e?(ceeds 1 m:
3"%\6& & @'o“&‘,@\ - coastal loss, flooding, seawater inundation.
R ¥ : .
= 2 * Arctic summer sea ice lost.
Level of additional . . .
risk due to dimate * some unique systems marginalized.
change (see box 2.4) . . .
Very high * risks of combined ocean warming and
High acidification become very high.

Moderate

Undetectable I D c C
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Thank you!

Working Group Il : Impacts, Adaptation, and Vulnerability
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Food security constrained: >1.5°C
>1.5°C: high risk of more severe impacts after 2050

100 Range of Yield Change
1 50 to 100%
80 B 25to 50%
T Increase
_ - invieid | Il 10 to 25%
5 to 10%
60 o
0 to 5%
wn
z 0 to —5%
e 40
oh —-5to —10%
IJJH Decrease
gg 20 in Yield —10 to —25%
o B -25t0 -50%
oo
X . L -50 to -100%
o > 0

2010-2029 2030-2049 2050-2069 2070-2089 2090-2109

Climatic Timeframe | Risk & potential for Crop yields

drivers - adaptation - increasingly declining
Iuw Medium hing with climate change

1 e @ Fresent
ohearem, -'//
bt A4

L 21““&: IDCC

) /! M
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S
...allow ecosystems to adapt naturally...

..ensure that food production
K is not threatened...
» ....Climate change impacts observed
on all continents and in all oceans
i 3 * World-wide species displacements due
e to climate change,
o marine, freshwater and terrestrial
0.8°C - . * Increase in crop production reduced by
climate change

[0 e some systems at risk

\\\Q' & < o Ol
@&b @'5&\ ) é\° ¥ e§° C ] S (19 @ (18) (10) (13) (12)
F&F & N :
“’Q@f& & & sz ! —
S
oF W« & S 2 £
Q\ € N a ) ] —
Q \? E — 5 22k — . L -
v = t
o4 o~ g
Level of additional e £
risk due to climate = - A0 7 [ oo percentie — — |
change (see box 2.4) = g 75" percentile —
H c >~ Median — -
Vefy h|gh = é‘o, - 25 percentile — |
[+¥] .
e oo 10t percentile —
High 2 §
Moderate 5 £ | Tropical I Temperate | Wheat I Soy I Rice I Maize o
Region Crop type I D c C e .
Undetectable @) &
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....Climate change: observed impacts
s on all continents and in all oceans

-4 * World-wide species displacements
i (marine, freshwater and terrestrial)

-3 .. .
* Crop production increase constrained
- * Forest dieback due to drought and heat
0.8°C I * Some unique systems at moderate risk
) _— ' o 2032012 from climate change (...risk rises if
| [ combined with other pressures)
J - L =0
o L O
Gt"&& éé& \\‘\Q’b&'éﬁb - o Ol
«g@b @%@ ) §é 6,:’&\ 0}}7} C j.:; (19 @n a8 0n o3 g2
%‘«?&QX,& %0\’% \°‘§ o~ T §0 D —
h F P » 2 & | =
@ 5 o v 2
o & G 3 g n o
Q g g g' -2} _ —u- - -I—‘-
Level of additional = E ":'; - | _ L
risk due to climate % 2 <'_|> .
change (see box 2.4) EXD S wim  — L
Ve'y high ; é 10" percentile — .] gtr:aswithforishtcover
ngh g‘g Topicel | Temperate  Wheat Sy Rice | Maize I Areas without tree cover
_g ~ 'T‘ Crop @  Locations of substantial drought- and heat-induced tree mortality since 1970
Moderate Y& = ield red wt' . .
P crop yield reduction forest dieback |QCC . @)

. L8 N0y
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Oceans cover ~70% of the blue planet

create half the oxygen (O,) we use to breathe and burn fossil
fuels.

provide 20% of the animal protein consumed by 3 billion
people.

are home to diverse species and ecosystems valued in tourism
offer rich biodiversity and resources for innovative drugs or
biomechanics.

sustain coral reefs and mangroves protecting coastlines from

tsunamis and stormes.

sustain shipping of 90% of all goods the world uses.

IDCC s
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. 7 A\
\\\\\ GOVERNMENTAL PANEL on ClimaTe chanee WMo UNEP



Large-scale climate-related isssues in the global ocean

Oceans play a major role in climate regulation globally:
* absorb >90% of the heat accumulating in the atmosphere
— ocean warming, hypoxia

* absorb 25% of man-made CO, —> ocean acidification
e accumulate excess water from melting ice sheets = sea level rise
e redistribution of nutrients — productivity shifts

Human activities also influence ocean conditions locally:
e overfishing, pollution, eutrophication etc.

...with temperature presently being the predominant driver of
ongoing global changes,
effects of ocean acidification and hypoxia reported in some areas
ipcc
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OBSERVATIONS IN ECOSYSTEMS

0.8°C:
World-wide species

Observed Temperature  y0q over 19012012 aeng ™ [piagonal Lnes | SEHEISH
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0 2 4 6 data
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Climate change velocity can exceed the capacity of species to move:
on the safe side under RCP 2.6
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Upper _
bound

Median —

Average climate velocity
2050-2090

Lower _
bound

headed towards by 2100

RCPB.S flat areas >4°C
RCP6.0 flat areas ~ 28°C
~ 2.4°C

RCP8.5 global average

RCP6.0 global average

0 _ RCP2.6 flat areas and global average ~1.5°C
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Climate change velocity can exceed the capacity of species to move Upper _

L

Maximum speed at which species can move (km per decade)

100 -

80 +

60 -

20

bound

" Median —
Average climate velocity Lower
205020090 bound ~

headed towards by 2100

- i RCP8.5 flat areas >4°C
------- -~ F---1-- RCP6.0flat areas ~ 2.8°C
"R
~ 2.4°C
 — - _ =

RCPB.5 global average

== == ———3— RCP6.0 global average

RCP2.6 flat areas and global average ~1.5°C

Trees

Herbaceous

plants

split-hoofed

mammals

Camivorous

mammals

Rodents

Primates
Plant-feeding
insects
Freshwater
mollusks
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Ocean temperatures lag behind the global atmospheric mean

- RCP8.5 5 RCP2.6
| == Multi-model mean (16 CMIP5 models) | | e Multi-model mean (16 CMIP5 models) L
5 4 - 54 :
2 31 - 2 3 i
o . O i
g 2 ]
£ 27 - E 27 i
2 L & i
% c
g 1- - § 1 -
(@) (&)
S, S -
0- - 0- -
1 71955 - - -
-1 I T T T T I T T I T '1 I I I T I T I I T T I
-1 0 1 2 3 4 5 -1 0 1 2 3 4 5
AAtmospheric temperature (°C) AAtmospheric temperature (°C)

courtesy: T. Froelicher
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Key risk Adaptation issues and prospects

Risks to fisheries

Temperature driven
stock displacement

Reduced livelihoods and Human adaptation options involve the|large scale relocation of industria
increased poverty fishing activitiesffollowing the regional decreases (low latitude) versus

(medium confidence) increases (high latitude) in catch potential and shifts in biodiversity. Artisanal

local fisheries are extremely limited in their adaptation optionsjby available

financial resources and technical capacities, except for their potential shift to
other target species.

6.4.1-2, Yoy Medium ot
30.6.2,
\{u\-‘t 30.6.5 Present

A Table 30-3 Near-term
B @ (2030-2040)

Long-term #e

N O (2080-2100) 4o,

IpCC
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p H pH (total scale)

observed projected

\_.- Special vulnerabilities

. \ of polar species?

17 - - -
1850 1900 1950 2000 2050 21 00

The emerging risk: Ocean acidification

®
N

o

[ad
o

~
o

Calcifier
fisheries
Change in pH (at 936 uatm atmospherlc co,) Catch rate (tonnes km2) Cold-water corals ~ Warm-water corals
— | — =

o
»@ »% »GP »@ »\9 »'5 »”9 »'» »'\, » o3 »60 <0.02 >0.02

IPCC AR5 WGl Figure 6.10, SPM.6 IpCC
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p H pH (total scale)

@
[

Lot

Projections: Ocean acidification, risks for mollusk and crustacean fisheries .z spme

and coastal protection by coral reefs SYR Figure 2.6

Change in pH (2081-2100 compared to 1986-2005, RCP8.5) . ! — —
Mollusk and crustacean fisheries Cold-water Warm-water

®© ": - ‘\f D N (present-day annual catch rate 20.005 tonnes km?) corals corals

55

observed projected
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RCP8.5 \

1850
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T
1950

T
2000

Species (%)

T '
2050 2100

Mollusks Crustaceans Cold-water corals 'Warm-water corals

40 16 15 31 29 1 37 4 9 1823 7 47 53 26 9 15 23 20

Positive effect
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Synergism of multiple stressors:
sensitivity distribution shifted to lower values of Pco,,
a hypothesis

A
o ocean
% 1004 | acidification
tlCI:J :\3 'AND
Species 0 :-nf e.g. increased ocean
e o >0 temperature acidification
sensitivity o G |
. . . .> q) Ony
distribution ® 2
d 0
2 >
Logio (PCOZ (Hatm))

A. Wittmann, H.O. Portner, 2013



Key risk

Adaptation issues and prospects

Risks to fisheries

Ocean acidification affecting fisheries and ecosystem engineers (corals)

Ocean acidification: Reduced
growth and survival of
commercially valuable shellfish
and other calcifiers, e.g., reef
building corals, calcareous red

Evidence for differential resistance and evolutionary adaptation of some
species exists but is likely to be limited at higher CO2 concentrations and

temperatures reached; adaptation options include the shift to

Imﬂre resilient species jpr the protection of habitats with low natural CC

levels, as well as thelreductfun of other stressesl mainly pollution and
limiting pressures from tourism and fishing.

algae (high confidence)
5.3.3.5, yery Medium ‘*,{;!gfg_
6.1.1, 6.3.2,
6.4.1.1 e
- Near-term
ey ggf'czc'-zb A (2030-2040)
Long-term ze
(2080-2100) 4oc




Observations and Projections: Deoxygenation

a. Ocean oxygen content change (%)

RCP8.5: Overall loss in

1 r ’ .
0 E- : G oxygen also affecting
1 b . . = Antarctic oceans
- = Historical : R
o | — RCP26 : ~]
- RCP4.5 : - . .
3 E . RCP6.O ' 1 resplratory deoxygenatlon
4 L RCPBI-S X | E (e.g. deep water)
1900 1950 2000 2050 2100 exacerbates acidification
d. 2090s, changes from 1990s RCP8.5
50
40
30
20
o0 0 e 10
\a ° .:.o.::y b, . SO %4® .o;o L] O
\ ﬂ.:.-oooo.o..e e ete e SOt sy B "10 .
R Jerren :'-?.3.3:'-.-‘.‘:' R 20 WGl Figure 6.30
"} 30
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-50
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OceanS are IOSing Oxygen : a. Ocean oxygen content chang:e (%)
B :  Projections -
: — Observations : s WG|
Different tolerances to o ia 5 :
2 - T ' ! .
low oxygen levels I i : |
. . = RCP6.0 ! .
explain the shift to tolerant g [ s . | —_|
communities 1900 1950 2000 2050 2100
(unicells and small animals) 5 Spuncuia : |
Mollusca l—::—|
Annelida | il | |
oraata |
below 60 umol I p— l_'_E:_l—' .
....in cool midwater Oxygen Cridaria M) _ _ 5 Warming
Proteobacteria | | N tal hypoxi
Ascomycota 1 nvironmenta OXla
Mlnlmum Z(?nes . bID 30 6:0 90 120 150 180 210 Wall
sese CO m bl n Ed Wlt h COZ Critical O, concentration [umol/I]
accumulation C 2 Msmall DLarge
Dependence on body size .%’
in animals 2 ST
WG, 6-30, WGII, 6-11 U c

D. Storch et al., 2014 <30 <60 <90 <120 <150 <190

Critical O, concentration [umol/I]



Key risk

Adaptation issues and prospects

Risks to fisheries

Oxygen deficiency constraining fish habitat

High mortalities and loss of
habitat to larger fauna
including commercial species
due to hypoxia expansion and
effects, particularly in EBUE,
some SES and CBS regions

Human adaptation options involve th
as a consequence of the hypoxia induced
decreases in biodiversity and fisheries catch of pelagic fish and squid.
Specific fisheries may benefit (Humboldt squid)jReducing the amount of

organic carbon running o pyjcontrolling nutrients and
pollution funning off agricultural areas Can reduce microbial activity and

consequently limit the extent of the oxygen drawdown and the formation

(high confidence)
of coastal dead zones.
6.1.1,6.3.3 Yo Medum o
30.5.3-5
Present
Near-term 0
(2030-2040) L2
Long-term ze
(2080-2100) 4oc

IpcC
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PROJECTIONS

Spatial changes....and a small decrease
in ocean primary production

RCP8.5

APP(gCm=year') - T
-200 -180 -160 -140 -120 -100 -80 60 40 -20 0 20 40 60 80 100 120 140 160 180 200

IPCC AR5 WG Figure 6.13 IDCC
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Small island risks

Key risk ‘ Adaptation issues & prospects

Storm surges, swells, sea level rise

The interaction o']risin% %Iobal mean sea level II -|H|9h ratio of coastal area to land mass|wn|| make adaptation a significant
in the 21st century with high-water-leve financial and resource challenge for islands.

events will threaten low-lying coastal areas A ions i - i forms
(high confidence) reshwater resources| an

[29.4, Table 29-1; WGI AR5 13.5, Table 13.5]

@ Present [N
Aty [

Long term 2°C i’/
AAA (2080_2100)« o/ Ai

IpCC
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(C) Risk for coastal human and natural systems impacted by sea level rise

Meters (relative to 1986—-2005)

?

High CO,

Scenario
groups*

Medium CC:-2
8.5 RCPs

?
IE’I':' 1526 Low co,

I
2081-2100 2300
*The few available projections
for 2300 likely underestimate
Antarctic ice sheet contribution

Level of additional risk due to climate change

3 —
)
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2.5 — )
=
J 2
o
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Risks involving the oceans, a global perspective:

.....i1s there risk reduction by adaptation?
.....very limited for some systems: marginalization of coral reefs and polar fauna

Risks for
Ecosystems

Risks for Health
and Well-Being

Unprecedented Challenges,
Especially from Rate of Change

Increased Mass Coral

Bleaching and Mortality

WGII, SYR

Increased Flood Losses and Impacts

EUROPE

Increased Flood Losses and Impacts

Increased Mass Coral

Bleaching and Mortality

SMALL ISLANDS

Loss of Livelihoods,
Settlements,
Infrastructure,
Ecosystem Service:
and Economic
Stability

Risks for Low-Lying
Coastal Areas

ASIA

Increased Flood
Damage to
Infrastructure ,
Livelihoods,

and Settlements

AUSTRALASIA

Significant Change in
Composition and Structure
of Coral Reef Systems

—
|
|
] ncreased Risks
to Coastal
Incre amage Infrastructure
to Infrastructure and and Low-Lying
Settlements Ecosystems
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INTERGOVERNMENTAL PANEL oN Climate chanee



. . Representative key risks for each region for
Regional key risks and . o
Physical Systems Biological Systems Human & Managed Systems
1 i i Glaciers, . ; ) .
pOtentIaI for rISk rEdUCtlon snow, ice, ﬁg’:&& I:rﬁf(')r (a:r?g;'sgilsggolselgenl Terrestrial 6 Wildfire @l Marine Food ‘.‘. Livelihoods, health,
;zﬂ'gfrost drougsht ~ Sffects ecosystems ecosystems production and/or economics
[ T—— R|Sk |eve| ............ q
Polar Regions (Arctic and Antarctic) | ;2’ Medium Xle
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from wildfires human mortality urban floods ‘
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! &L from extreme heat
“ = events and wildfires Increased flood damage to Increased drought-
77| I y [ infrastructure, livelihoods,  Heat-related related water and
A ﬁ Fa and settlements ‘ human mortality food shortage ‘
m o % AL FR
Distributional
o el ] Compounded stress
fisheries catch Central and South America on water resources
potential at low latitudes
Reduced water availability and
7, aie( increased flooding and landslides

A
'/

. Loss of livelihoods, Significant change in composition
‘ Reduced crop productivity and settlements, infrastructure, and structure of coral reef systems
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Perspectives: Foodweb consequences

Large flshes (sp.

=
S

| | | | | | |
Biogeographic shifts Changes in body size
Some species experience distribution shifts, abundance losses, or Marine water-breathing ectotherms increase
become locally extinct (dashed lines). Loss and invasion of prey their consumption rate and have a smaller
Primary production organisms and/or predators may lead to changing diversity and maximum body size during warming. Changes in
foodweb structure and result in frophic cascade effects. the body size spectrum and food consumption
Detritus|/ particulate rate may lead to changes in foodweb structure
d d ics.
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Phenological shift
(Changes in phenology due to dimate change
may lead to mismatch phenomena between
predator and prey, which may reduce
abundance of the predator.
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proofs2 IPCC AR5 WGII Figure 6.12
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Widespread impacts attributed to climate change based on the available scientific literature since the AR4

POLAR REGIONS (Arctic and Antarctic)
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Streamflow changes reflecting changes in freshwater supply to sectors, e.g. crop production
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Africa

Reduced crop productivity associated with heat and
drought stress, with strong adverse effects on

« Technological adaptation responses (e.g., stress-tolerant crop
varieties, irrigation, enhanced observation systems) i

\r‘ Vi
oy Medium high

regional, national, and household livelihood and food = Enhancing smallholder access to credit and other critical production (20t Present _’7/
security, also given increased pest and disease resources; Diversifying livelihoods Near temm -f/////
daﬁmage and 1}??D;hlmpij?€£ on ;ﬂﬂd system . Strengmemnlg ms?tutlmgs at Iofal national, and nigmnal levelsto | (2030-2040) /
infrastructure (high confidence support agriculture (including early warning systems) and 1
gender—or?ented policy . Long term 2°C /Y
[22.3-4] « Agronomic adaptation responses (e.g., agroforestry, conservation V3% ||(2080-2100)
agriculture) e
Asia
Increased risk of drought-related water * Disaster preparedness including early-warning systems and local coping & ‘,":2 Medium :f,_;ﬁ
and food shortage causing malnutrition strategies ! Pr
(high confidence) » Adaptive/integrated water resource management esent
(24.4] » Water infrastructure and reservoir development (2030_2040} -///
« Diversification of water sources including water re-use
« \ore efficient use of water (e.q., improved agricultural practices, irrigation . Long term 2°¢ /7
management, and resilient agriculture) {2030—2 001
/77
Central and South America
Decreased food production and food quality | » Development of new crop varieties more adapted to dimate change ‘;';2 Medium ::;?1'

{medium confidence)

(temperature and drought)
» Offsetting of human and animal health impacts of reduced food quality

Present |57

[27.3] * Offsetting of economic impacts of land-use change 1 (2%%%}5%} _////‘/‘/‘
= Strengthening traditional indigenous knowledge systems and practices
0C ) E {2%]0510;1};% )1“-' /LS
i
ac /177
Key risk Adaptation issues & prospects (t:llrli':::rt;c Timeframe Risk ::igstt::;f;:l for
Reductions in mean crop yields | With or without adaptation, negative impacts on average yields become likefy "l'm' Medium :'I‘;’?I‘
because of climate change and | from the 2030s with median yield impacts of 0 to —2% per decade projected for @ F t
increases in yield variability. the rest of the century, and after 2050 the risk of more severe impacts increases. ., resen
(high confidence) 050 -f//
%

[7.2,73,74,7.5 Box 7-1] J NAALS Long term 2°c /77

it\\‘ @ { - 210:]-1“:

WGII, Tables TS.4, 5
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Climate change....causing risks

....which were assessed in AR5

(key risks are those relevant to article 2, UNFCCC
“’dangerous anthropogenic interference with the climate system”)

PRINCIPLES

< Risk Level >
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However, warm water coral reefs undergo degradation....

Mitigation to a = 100 RCPs with
150C E gg | constant threshold
...losses beyond S s0f
7]
50%!! § 20|
a
oooorjot yet ‘é’n Ecl-
taking ocean 2 AP0
S Ao - o i —
acidification % .. =RCP26
. = 40t
effects into :
account) S 397
i’—j 20 |
[
c
S 10}
&
¥ D p— i i
1950 2000 2050 2100

Year

Frieler et al., 2013:

,10 protect at least 50% of the coral reef cells, global mean temperature change would have

to be limited to 1.2° C (1.1 - 1.4° C), especially given the lack of evidence that corals can

evolve significantly on decadal timescales and under continually escalating thermal stress.”
WGII CC Box coral reefs



Key expected vs. avoided impact: e.g. oceans

present (0.85°C):

1.5°C:

2°C:

>2°C:

some redistribution of fish stocks
reduced growth and decline of some coral reefs
large scale shifts of fish stocks and reduced productivity

high latitude species invasions

reduced productivity of low latitude fisheries
< 50 % of warm water coral reefs maintained
some Arctic summer sea ice maintained

largely reduced productivity of low latitude fisheries (20% overall)
high latitude species invasions, biodiversity loss

Arctic summer sea ice lost

<< 50 % of warm water coral reefs maintained

warm water coral reefs marginalized, loss of biodiversity, highly reduced
catch potential

[ ]
I0CC e
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..... allow ecosystems to adapt naturally...
..... ensure that food production is not threatened...

_ Key risks of impacts

Comparing long-term global goals........... with _ _
Avoided impacts

Key climate drivers:
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