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New results on difference between 
impacts and risks at 1.5°C and 2°C 
 
• IPCC AR5 differentiation between warming levels focused on higher levels of 

warming 

• New study led by Climate Analytics scientists out a few weeks ago is first to 
address the difference in climate impacts between 1.5°C and 2°C warming for 
11 key impact indicators, including extreme events (hot, wet and dry events), 
water availability, crop yields, risk to coral reefs and sea-level rise – based on a 
consistent and comprehensive assessment of existing projections 

• Regional perspective: Assessment of 25 world regions providing detailed 
information at regional and sectoral level 

• Significant differences between 1.5°C and 2°C on the regional level for all 
indicators considered 

 Schleussner et al.: Differential climate impacts for policy-relevant limits to global 

warming: the case of 1.5°C and 2 °C Earth Syst. Dynam., 7, 1–25, 2016 

doi:10.5194/esd-7-1-2016 

 



The difference between 1.5°C and 2°C  

Schleussner et al. (2016) 

1.5°C 2°C
Heat wave (warm spell) duration [month]

Global 1.1 [1;1.3] 1.5 [1.4;1.8]
Tropical regions up to 2 months at 

1.5°C or up to 3 months at 2°C

Reduction in annual water availability [%]

Mediterranean 9 [5;16] 17 [8;28] 
Other dry subtropical regions like 
Central America and South Africa 
also at risk

Increase in heavy precipitation intensity [%]

Global 5 [4;6] 7 [5;7] Global increase in intensity due to 

warming; high latitudes (>45°N) 
and monsoon regions affected 

most.
South Asia 7 [4;8] 10 [7;14] 

Global sea-level rise

in 2100 [cm] 40 [30;55] 50 [35;65] 1.5°C end-of-century rate about 
30% lower than for 2°C reducing 
long-term SLR commitment.2081-2100 rate [mm/yr]  4 [3;5.5] 5.5 [4;8]

Fraction of global coral reefs at risk of annual bleaching [Constant case, %]

2050 90 [50;99] 98 [86;100] Only limiting warming to 1.5°C m ay 

leave window open for some 
ecosystem adaptation. 2100 70 [14;98] 99 [85;100]

Changes in local crop yields over global and tropical present day agricultural areas 

including the effects of CO2-fertilization [%]

Wheat                   Global 
Tropics

2 [-6;17] 

-9 [-25;12]  

0 [-8;21] 

-16 [-42;14] 

Projected yield reductions are 

largest for tropical regions, while 
high-latitude regions may see an 

increase. Projections not including 
highly uncertain positive effects of 
CO2-fertilization project reductions 

for all crop types of about 10% 
globally already at 1.5°C and 

further reductions at 2°C.

Maize                    Global 

Tropics

-1 [-26;8] 

-3 [-16;2]

-6 [-38;2]  

-6 [-19;2] 

Soy                        Global 

Tropics

7 [-3;28]  

6 [-3;23] 

1 [-12;34] 

7 [-5;27]

Rice                       Global 

Tropics

7 [-17;24] 

6 [0;20] 

7 [-14;27] 

6 [0;24]

• 1.5°C climate at outer edge of historical experience, 2°C represents new 
climate regime, particularly in tropical regions. 

• 50% increase in heat-wave length 

• Near-doubling of water availability reduction in dry subtropical regions 



Unprecedented global, mass coral 
bleaching event under way… 

Scientific understanding of in particular Antarctic ice-sheet instability 
has improved considerably in the last years.  

Science (2016) 



The difference between 1.5°C and 2°C 
– A reason for concern 

Scientific understanding of in particular Antarctic ice-sheet instability 
has improved considerably in the last years.  

1.5°C 2°C
Heat wave (warm spell) duration 

Global 1 month 1.5 month 1.5°C vs. 2°C marks transition from 

upper end of present-day natural 
variability to new climate regime in 

particular in tropical regions.
Tropics up to 2 month up to 3 month

Reduction in annual water availability

Dry subtropical regions 

(Mediterranean, Central 

America, South Africa)

up to 15-20% up to 25-30% 
Further drought risk increases in 
drought prone regions like the 

Amazon.

Increase in heavy precipitation intensity 

Global about 5% about 7% Global increase in intensity due to 
warming, high latitudes (>45°N) 

and monsoon regions affected 

most.
South Asia up to 8 % up to 14%

Global Sea-level Rise

in 2100 about 40 cm about 50 cm 1.5°C end-of-century rate 30% 

lower than for 2°C greatly reducing 

long-term SLR commitment. Steep 
rise in long-term risks between 

1.5°C and 2°C

2081-2100 rate  about 4 mm/yr about 5.5 mm/yr

Fraction of global coral reefs at risk of annual bleaching

2050 about 90% near 100% 1.5°C vs. 2°C decisive for the 

future of tropical coral reefs. Only 
limiting warming to 1.5°C may leave 

window open for some ecosystem 

adaptation. 

2100 about 70% near 100%

Crop yield reduction risk

50% of current crop-

producing regions may 

experience yield 

reductions of  

W heat: 14% 

Maize: 8% 

Rice: 8% 

Soy: 10%

W heat: 19% 

Maize: 12% 

Rice: 16% 

Soy: 12%

Projections not including highly 
uncertain positive effects of CO2-

fertilization.

Risks largest for tropical regions, 
while high-latitude regions (e.g. 

Siberia, Canada) may benefit.

1.5°C 2°C
Heat wave (warm spell) duration 

Global 1 month 1.5 month 1.5°C vs. 2°C marks transition from 

upper end of present-day natural 
variability to new climate regime in 

particular in tropical regions.
Tropics up to 2 month up to 3 month

Reduction in annual water availability

Dry subtropical regions 

(Mediterranean, Central 

America, South Africa)

up to 15-20% up to 25-30% 
Further drought risk increases in 
drought prone regions like the 

Amazon.

Increase in heavy precipitation intensity 

Global about 5% about 7% Global increase in intensity due to 
warming, high latitudes (>45°N) 

and monsoon regions affected 

most.
South Asia up to 8 % up to 14%

Global Sea-level Rise

in 2100 about 40 cm about 50 cm 1.5°C end-of-century rate 30% 

lower than for 2°C greatly reducing 

long-term SLR commitment. Steep 
rise in long-term risks between 

1.5°C and 2°C

2081-2100 rate  about 4 mm/yr about 5.5 mm/yr

Fraction of global coral reefs at risk of annual bleaching

2050 about 90% near 100% 1.5°C vs. 2°C decisive for the 

future of tropical coral reefs. Only 
limiting warming to 1.5°C may leave 

window open for some ecosystem 

adaptation. 

2100 about 70% near 100%

Crop yield reduction risk

50% of current crop-

producing regions may 

experience yield 

reductions of  

W heat: 14% 

Maize: 8% 

Rice: 8% 

Soy: 10%

W heat: 19% 

Maize: 12% 

Rice: 16% 

Soy: 12%

Projections not including highly 
uncertain positive effects of CO2-

fertilization.

Risks largest for tropical regions, 
while high-latitude regions (e.g. 

Siberia, Canada) may benefit.

Schleussner et al. (2016) 

• Decisive for the 
future of tropical 
coral reefs 

• Substantial risk 
increase for regional 
crop yield reductions  



Ocean acidification: corals and other sea life also 
at risk from high CO2 concentrations  



Only 1.5°C may prevent long-term multi-
meter sea-level rise… 

Schleussner et al. (2016) 

1.5°C 2°C
Heat wave (warm spell) duration [month]

Global 1.1 [1;1.3] 1.5 [1.4;1.8]
Tropical regions up to 2 months at 

1.5°C or up to 3 months at 2°C

Reduction in annual water availability [%]

Mediterranean 9 [5;16] 17 [8;28] 
Other dry subtropical regions like 
Central America and South Africa 
also at risk

Increase in heavy precipitation intensity [%]

Global 5 [4;6] 7 [5;7] Global increase in intensity due to 

warming; high latitudes (>45°N) 
and monsoon regions affected 

most.
South Asia 7 [4;8] 10 [7;14] 

Global sea-level rise

in 2100 [cm] 40 [30;55] 50 [35;65] 1.5°C end-of-century rate about 
30% lower than for 2°C reducing 
long-term SLR commitment.2081-2100 rate [mm/yr]  4 [3;5.5] 5.5 [4;8]

Fraction of global coral reefs at risk of annual bleaching [Constant case, %]

2050 90 [50;99] 98 [86;100] Only limiting warming to 1.5°C may 

leave window open for some 
ecosystem adaptation. 2100 70 [14;98] 99 [85;100]

Changes in local crop yields over global and tropical present day agricultural areas 

including the effects of CO2-fertilization [%]

Wheat                   Global 

Tropics

2 [-6;17] 

-9 [-25;12]  

0 [-8;21] 

-16 [-42;14] 

Projected yield reductions are 

largest for tropical regions, while 
high-latitude regions may see an 

increase. Projections not including 
highly uncertain positive effects of 
CO2-fertilization project reductions 

for all crop types of about 10% 
globally already at 1.5°C and 

further reductions at 2°C.

Maize                    Global 

Tropics

-1 [-26;8] 

-3 [-16;2]

-6 [-38;2]  

-6 [-19;2] 

Soy                        Global 

Tropics

7 [-3;28]  

6 [-3;23] 

1 [-12;34] 

7 [-5;27]

Rice                       Global 

Tropics

7 [-17;24] 

6 [0;20] 

7 [-14;27] 

6 [0;24]

1.5°C 2°C
Heat wave (warm spell) duration 

Global 1 month 1.5 month 1.5°C vs. 2°C marks transition from 

upper end of present-day natural 
variability to new climate regime in 

particular in tropical regions.
Tropics up to 2 month up to 3 month

Reduction in annual water availability

Dry subtropical regions 

(Mediterranean, Central 

America, South Africa)

up to 15-20% up to 25-30% 
Further drought risk increases in 
drought prone regions like the 

Amazon.

Increase in heavy precipitation intensity 

Global about 5% about 7% Global increase in intensity due to 
warming, high latitudes (>45°N) 

and monsoon regions affected 

most.
South Asia up to 8 % up to 14%

Global Sea-level Rise

in 2100 about 40 cm about 50 cm 1.5°C end-of-century rate 30% 

lower than for 2°C greatly reducing 

long-term SLR commitment. Steep 
rise in long-term risks between 

1.5°C and 2°C

2081-2100 rate  about 4 mm/yr about 5.5 mm/yr

Fraction of global coral reefs at risk of annual bleaching

2050 about 90% near 100% 1.5°C vs. 2°C decisive for the 

future of tropical coral reefs. Only 
limiting warming to 1.5°C may leave 

window open for some ecosystem 

adaptation. 

2100 about 70% near 100%

Crop yield reduction risk

50% of current crop-

producing regions may 

experience yield 

reductions of  

W heat: 14% 

Maize: 8% 

Rice: 8% 

Soy: 10%

W heat: 19% 

Maize: 12% 

Rice: 16% 

Soy: 12%

Projections not including highly 
uncertain positive effects of CO2-

fertilization.

Risks largest for tropical regions, 
while high-latitude regions (e.g. 

Siberia, Canada) may benefit.

Rate of sea-level 
rise declines only 
under 1.5°C 
scenarios 

Impact s 1.5°C vs. 2°C 

Carl-Friedrich Schleußner, 07 September 2015

Levermann, A. et  al. PNAS (2013).
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Instability of Antarctic ice sheet might lead 
to up to 1m additional sea-level rise in 
2100… 

Deconto & Pollard (2016) 

~1.5°C 

~2.5°C 

>4°C 

If destabilized, the Antarctic ice sheet 
could contribute much more to sea-
level rise then previously thought. 



Going from 1.5°C to 2°C warming risks crossing 
many more tipping points in the earth system 

Drijfhout et al. (2015) 
Levermann et al. (2012) 

1.5°C 2°C 

Number of 
crossed thresholds 
of abrupt shifts  in 
earth system 
models 

20% 50% 

• Scientific review (meta-analysis)  
of multiple abrupt shifts in 
climate system reveal steep 
increase between 1.5°C and 2°C 

• Risk for “tipping” of Greenland 
and parts of West-Antarctic ice-
sheet increase rapidly 



Global economic impacts are significantly 
lower at 1.5°C… 

Pe
rc

en
ta

ge
 c
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an

ge
 in

 
G

D
P

 p
e

r 
ca

p
it
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Approximate time 2.0°C is 
reached 

Mean 2°C economic risk 

Approximate time 1.5°C is 
reached 

Mean 1.5°C economic risk 

Adapted from Burke, M., Hsiang, S. M., & 
Miguel, E. (2015). Global non-linear effect 
of temperature on economic production. 
Nature. 

For 
illustrative 
purposes 
only 

For scenario without climate policies 
(RCP8.5), exceeding 1.5°C and 2°C in 
quick succession 
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Recent temperature records, the 1.5oC 
limit and what this means… 

Has the 
1.5oC limit 
been 
broken?  
Observations 
of recent 
warming 
compared to 
long-term 
temperature 
projections 
  

0
1

 
Is 1.5oC still 
feasible? 
What does it 
mean for the 
energy 
system? 
  

0
2
 



In February 2016 global mean temperatures 
spiked to more than 1.5°C  above pre-industrial 
levels… 

Does this mean that a 
long-term global 
mean temperature 
limit of 1.5°C is out of 
sight? 

Source  http://data.giss.nasa.gov/gistemp/ 



No!  

And here is why: 



Long-term warming of about 1°C above  
pre-industrial is in line with the 30 year long-
term trend…   

• On longer time scales, 
signatures of natural 
variability (positive as 
well as negative) vanish 

Observed warming is in 
line with long-term 
trend 



What does this entail for long-term 
warming trajectories? 

Annual Global Mean Temperature 
variations added to 1.5°C pathways 
may temporally exceed 1.5°C 

Note: ”Additional natural variability” depicted here is typical of the past and 

was added to long-term 1.5°C pathway for illustrative purposes only 



How to get onto a 
1.5oC pathway? 

 

“Holding the  
increase in the global  

average temperature to 
well below 2oC above pre-

industrial levels and to 
pursue efforts to limit the 
temperature increase to 

1.5oC above pre- 
industrial     levels (..)” 

1.5 DEGREES 



What are the implications of 1.5oC for policy 
makers? 



What does 1.5oC mean for global fossil-fuel 
related emissions? 

 Cumulative global fossil-fuel related emissions (GtCO2) 
2015-2050 2051-2100 2015-2100 

1.5°C 680 -300 380 

2°C 930 -90 840 
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What does 1.5oC mean for global fossil-fuel 
related emissions? 

 Cumulative global fossil-fuel related emissions (GtCO2) 
2015-2050 2051-2100 2015-2100 

1.5°C 680 -300 380 

2°C 930 -90 840 



What does 1.5oC mean for negative 
emissions? 

 Cumulative negative emissions (GtCO2) 
World 

1.5°C -457 

2°C -448 



Power Sector: rapid phase out of  
coal 
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Source: Message Model 

Where we are going: 
2440 new coal power 
plants planned around 
the world 

Where we need to go: 
(-70% by 2030) 



Power Sector: rapid phase out of 
coal  



Source: IPCC Special Report on Renewable 
Energy Sources (SRREN)   

By increasing 
investment in 
renewable 
energy! 

 
 

• Global technical potential is 
substantially higher than demand 

• Economic wide policies are cost 
effective  

• Some renewable energy technologies 
are already broadly competitive at 
existing energy prices 

• There is no fundamental 
technological limit to renewable 
energy integration to existing energy 
systems  

• Contribution to sustainable 
development: development increased 
energy security, access to energy, 
reduced air pollution and related 
health problems  

 



Bioenergy: not a decisive difference 
between 1.5 and 2°C 

• Reaching the 1.5°C 
limit requires the 
same technologies as 
2°C, but deployed 
earlier 

• Bioenergy demand 
for 1.5°C is not 
higher than for 2°C,  
but needs to be 
introduced faster 
and reach large scale 
around 10 years 
earlier 
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World	

Industry: energy efficiency is key to 
reduce energy intensity 

2030 

Energy Intensity (Industry) 

Source: Message Model 

Baseline 

Where we are going: -
20% below 2010 
(Baseline) 

Where we need to go: 
-30% by 2030. 
Acceleration of efforts 
is required. 



Source: IEA World Energy Outlook 2012  

By enhancing 
energy and 
material 
efficiency! 

 
 

• Huge co-benefits in energy security, 
economic growth and the 
environment  

• No unexpected technological 
breakthroughs needed  

• 80% of potential in the building sector, 
more than 50% in industry are not 
tapped 

• Growth in global primary energy 
demand could be halved by 2035 
whilst meeting energy service needs!  

• Every additional dollar invested can 
generate three dollars in future fuel 
savings by 2050  

• Short payback periods: between 2 
and 8 years 
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Buildings: energy efficiency is key  
to reduce energy intensity 

2030 

Energy Intensity (Buildings) 

It might seem a small difference, but very important to get 1.5C Source: Message Model 

Baseline 

Where we are going: -
40% (Baseline scenario) 

Where we need to go: 
-50% by 2030, below 
2010. Sustained 
efforts are required 
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The 1.5oC pathway - summary 



• Mitigation Cost of limiting warming below 2oC is a reduction in global GDP growth 
of about 0.06% of GDP p.a. over the 21st century. 

• Reduce economic growth rate from, say, 2.30% to 2.24% per year.  

• 2 year delay in reaching the same level of global wealth over the period from 2010 
to 2100. 

• Mitigation Cost of limiting warming below 1.5oC by 2100 is about 50% more, about 
0.1 % of GDP p.a. over century. 

• Reduce economic growth from, say, 2.30% to 2.20% per 

• 4 year delay in reaching the same level of global wealth over the period from 2010 to 
2100. 

• Mitigation costs do not include the co-benefits which are often as large as or 
greater than the direct costs. 

Mitigation Costs of 1.5oC pathway vs 
2oC pathway 



• 1.5oC pathway: technically and economically feasible 

• Aggregated long-term mitigation costs that are about 1.5 to 2.1 times higher for 1.5oC than for 2oC 

scenarios, with a larger effect on near-term costs than on long-term costs; 

• Same technologies as 2oC, to be deployed 10-20 years earlier 

• Phase out coal much faster 

• Tackle all sectors including building and transport 

• Increase energy efficiency 

• Negative CO2 emissions required in the second half of the century 

• No silver bullet!  

1.5oC Pathway 
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The Climate Action Tracker 
assesses INDCs and current 
policies 
• Providing national, fast-response assessments 

for 30 countries covering more than 80% of 
global emissions. 

• Evaluating emission reduction targets, current 
climate policies. 

• Rating the adequacy of INDCs. 

• Evaluating consequences of national 
emissions on global climate through 
aggregation of national pathways to global 
level. 

 



Gambia	 Bhutan	
Costa	Rica	



The current level of INDC ambition is not 
compatible with either 1.5 or 2oC pathways… 

Policies 

INDCs 

A finding that is also confirmed by the UNFCCC Synthesis Report! 



What are the implications on temperature? 

• INDCs lead to 2.7°C 
(likely below 3°C 
and a 90% chance of 
warming above 
2°C) 

• INDCs result in an 
improvement from 
current policies, BUT 
still a long way to go: 

• Vast majority of 
INDCs not in line 
with either 2°C or 
1.5°C pathways 



2018 

INDC
s 

The current INDCs are not sufficient to meet the temperature goal 
agreed in Paris of holding warming well below 2°C and pursuing 
1.5°C. 

The NDCs for the period up until 2025, 2030 must be substantially 
stronger than those currently on the table for holding warming well 
below 2°C and pursuing 1.5°C. 

NDCs 

All Parties’ NDCs must continually  
increase in ambition; this was the  
process agreed in Paris. 

Waiting until the Global Stocktake would be 
leaving it too late. Instead, the Facilitative 
Dialogue is the logical place for it. Implications for 

the 1.5°C 
temperature 

limit 
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You can find additional 
information about climate 
impacts and feasibility of 
the 1.5°C target on our 
website… 

http://climateanalytics.org/hot-topics 


