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A safe operating space for humanity

|dentifying and quantifying planetary boundaries that must not be transgressed could help prevent human
activities from causing unacceptable environmental change, argue Johan Rockstrom and colleagues.
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PLANETARY BOUNDARIES

Earth-system process Parameters Proposed Current Pre-industrial
boundary status value

Climate change (i) Atmospheric carbon dioxide 350 387 280
concentration (parts per million
by volume)
(iiy Change in radiative forcing 1 1.5 0
(watts per metre squared)

Rate of biodiversity loss Extinction rate (number of species 10 =100 0141
per million species per year)

Nitrogen cycle (part Amount of N, removed from 35 121 (0]

of a boundary with the the atmosphere for human use

phosphorus cycle) (millions of tonnes per year)

Phosphorus cycle (part Quantity of P flowing into the 1 8.5-95 ~1

of a boundary with the oceans (millions of tonnes per year)

nitrogen cycle)

Stratospheric ozone Concentration of ozone (Dobson 276 283 290

depletion unit)

Ocean acidification Global mean saturation state of 2.75 2.90 3.44
aragonite in surface sea water

Global freshwater use Consumption of freshwater 4,000 2,600 415
by humans (km? per year)

Change in land use Percentage of global land cover 15 n.7 Low
converted to cropland

Atrmospheric aerosol Overall particulate concentration in To be determined

loading the atmosphere, on a regional basis

Chemical pollution For example, amount emitted to, To be determined

or concentration of persistent
organic pollutants, plastics,
endocrine disrupters, heavy metals
and nuclear waste in, the global
environment, or the effects on
ecosystem and functioning of Earth
system thereof

Boundaries for processes in red have been crossed. Data sources: ref. 10 and supplementary information




1995: The WBGU Tolerable Windows Approach
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Key Message 2 - Social and Environmental Disruption

,remperature rises above 2°C [...] are likely to
cause major societal and environmental
disruptions through the rest of the century and
beyond.*”



Global mean annual temperature change relative to 1980-1999 (°C)

Increased water availability in moist tropics and high latitudes’ o
Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes 2 .

WATER —
5 3 3 Additional people
0.4t0 1.7 billion® > 1.0 to 2.0 billion 1.1 to 3.2 billion with incre
’ water stress
Increasing amphibian About 20 to 30% species at inc- nctions 4
lm'llnctlorlg & . reasingly high risk of extinction 4 Major exti around the globe
ECOSYSTEMS Increased coral bleaching 5 Most corals bleached® Widespread coral n'|o|'lalit;~'6
Terrestrial biosphere tends toward a net carbon source, as: 8
Increasing species range shifts and wildfire risk 7 ~15% P 4;% of ecosystems affected
Low latitudes -~
Crop Decreases for some cereals ° _ o All cereals decrease® =
FOOD <
prosiucthity Increases for some cereals® "> Decreases in some mg[ons!a >
Mid to high latitudes

Increased damage from floods and storms'©

COAST About 30% loss
of coastal wetlands 11
coastal foading each year  0to3million12 2 to 15 million 12

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases' >

Uul

HEALTH Increased morbidity and mortality from heatwaves, floods and droughts 14 :
Changed distribution of some disease vectors 15 3 Substantial burden on health services'® 3
Local retreat of ice in Long term commitment to several Leading to reconfiguration
Greenland and West ‘ metres of sea-level rise due to ice of coastlines world wide and
SINGULAR Antarctic 17 sheet loss 17 inundation of low-lying areas!8
EVENTS

Ecosystem changes due to weakening of the meridional overturning circulat

0 1 2 3 4 5°C

Table TS.3. Examples of global impacts projected for changes in climate (and sea level and atmospheric CO, where relevant) associated with
different amounts of increase in global average surface temperature in the 21st century [T20.8]. This is a selection of some estimates currently
available. All entries are from published studies in the chapters of the Assessment. (Continues below Table TS.4.)
Source: IPCC
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Global mean annual temperature change relative to 1980-1999 (°C)
1 2 3 4

Sub-Saharan species

1 1
10to15%' 2510 40% g opbit i

Semi-arid / arid areas increase by 5 to 8% 2

7510 250 million® > 350 to 600 million®  Additional people with increased water stress —1

2 to 5% decrease wheat and maize 5to 12% decrease Crop yleld
in India# rice in China4 potential
Additional people
Upto2 million® Up to 7 million 3 at risk of ¢t
flooding each year
0.1 to 1.2 billion® * 0.2to 1.0 billion®  Additional people with increased water str
Annual bleaching of Great Barrier Reef 7
3,000 to 5,000 more heat related deaths per year 8
10% Murray-Darling River flow ? -50% >
Decreasing water security in south and east Australia and parts of east New Zealand ' _3’
+5 t0 +15% in Northern Europe'’ » +10to +20%11
: 11 1 Water availability
0 to -25% in Southern Europe s Sto-3s%
+2to +10% in Northern Europe’>  +10 to +25%'2 e 2 +10 to +30% 2
< Wheat yield potential
+3 to +4% In Southern Eurape'2 10 to +20%'2 - ap -15to +30% 12 7
Potential extinction of about 25% Potential extinction of about ..
Central Brazilian savanna tree species 13" 45% Amazonian tree species’>
Many tropical glaciers dlsappear“ ~ Many mid-latitude glaciers disappear 14
10 to 80 million'® - 80 to 180 million'®  Additional people with increased water stress
5 to 20% Increase 70 to 120% increase forest
crop yield potential ® area burned in Canada 17
Decreased space heating and increased space cooling 18 :
About 70% increase in hazardous 3 to B times increase in heat-
ozone days 19 wave days in some cities19
I in depth of 1uwm%muctuggm
ncrease in . S
‘seasonal thaw of 10 1o 15%20 " 15t025%%0 e 30t050%%° R epiacatDy foreet
Arctic permafrost : : 15 to 25% polar desert
20 to 35% reduction of replaced by tundra 21
Arctic permafrost area 20
20 to 35% decrease annual
average Arctic sea ice area22

Alien species colonise mid-

Increasing coastal inundation and damage to infrastructure due to mﬁ_
and high latitude islands 24
3 4 5°

Agricultural losses up to 5% GDP
in high terrain Islands, up to 20%
GDP in low terrain islands 25

1 2

5°C

C

Source:

IPCC



Updated Reasons for Concern

TAR (2001) Reasons For Concern

Updated Reasons For Concern

5 5 &
4 4
3 3
} Future
. 2 2
yardnail
PosrtiveoT ERiTh
Negative Negative
Negative Market 1 egative Market 1
for Some Impacts; r So Impacts;
Regions; Majority Regions; Majority
Positive of People ! Positive of People
Risks to for Adversely Very Risks to for Adversely
Some Increase Others Affected Low i Some Increase Others Affected Low i
‘ Past
-0.6 -0.6 4
Risks to Risk of Distribution ~ Aggregate Risks of Large Risks to Risk of Distribution ~ Aggregate Risks of Large
Unique Extreme of Impacts Impacts Scale Unique Extreme of Impacts Impacts Scale
and Weather Discontinuities and Weather Discontinuities
Threatened Events Threatened Events
Systems Systems

Source: Synthesis Report (Smith et al. 2009 PNAS)

Increase in Global Mean Temperature above circa 1990 (°C)



Tipping elements in the Earth’s climate system
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