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In 50 years we tipped from 10,000 years Holocene 
to the Anthropocene

What we do next 50 years will determine next 10,000 years

Image: Mattias Klum







Acceleration of ice flow and retreat in Antarctica, which has the potential to lead to sea-level rise of several
metres within a few centuries, is observed in the Amundsen Sea Embayment of West Antarctica and in Wilkes 
Land, East Antarctica (very high confidence). These changes may be the onset of an irreversible ice sheet
instability. Uncertainty related to the onset of ice sheet instability arises from limited observations, inadequate
model representation of ice sheet processes, and limited understanding of the complex interactions between
the atmosphere, ocean and the ice sheet. {3.3.1, Cross-Chapter Box 8 in Chapter 3, 4.2.3}

IPCC, 2019 Ocean Cryosphere SPM

WAIS may have crossed a Tipping Point





Welcome to the

Anthropocene



The Great Acceleration

Steffen, Broadgate, Deutsch, Gaffney, Ludwig Anthr. Review 2015. Image: Globaia



Are we leaving our
Garden of Eden?



Humanity’s 10,000 years of grace
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A Global Map of Potential Tipping Cascades
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Tipping Points & The Paris Agreement



Deforestation threshold ≈40% Temperature threshold ΔT≈4°C

Amazon rainforest thresholds

Lewis et al 2010, Nature



Deforestation 20-25%? ΔT=?   
Amazon rainforest thresholds





Meandering of the Jetstream

NASA GODDARD SPACE FLIGHT CENTER



Entering The Anthropocene
+

Holocene Our Garden of Eden
+

Tipping Points hardwired 
= 

PLANETARY BOUNDARIES

Image: GLOBAIA



Steffen, Rockström, Cornell et al 2015 Science
Image: Globaia



Willeit et al., Science Advances 2019

Results of model simulations: Observations shown in black, model results in colour. 

We have never exceeded 2 C in the last Three Million Years



Are We Heading Towards a Pliocene or Even Miocene Future...?



Steeper
emissions
reduction

Earlier carbon
neutrality Earlier & more

net CO2 removal

The Additional Challenge of Limiting Warming to 1.5°C

Luderer et al. (2018) Residual fossil CO emissions in 1.5–2oC pathways. Nature Climate Change



THE CARBON LAW
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By Johan Rockström,1 Owen Gaffney,1,2 
Joeri Rogelj,3,4 Malte Meinshausen,5,6 
Nebojsa Nakicenovic,4 Hans Joachim 
Schellnhuber1,5

A
lthough the Paris Agreement’s goals (1) 
are aligned with science (2) and can, in 
principle, be technically and economi-
cally achieved (3), alarming inconsis-
tencies remain between science-based 
targets and national commitments. 

Despite progress during the 2016 Marrakech 
climate negotiations, long-term goals can 
be trumped by political short-termism. Fol-
lowing the Agreement, which became inter-
national law earlier than expected, several 
countries published mid-century decar-
bonization strategies, with more due soon. 
Model-based decarbonization assessments 
(4) and scenarios often struggle to capture 
transformative change and the dynamics as-
sociated with it: disruption, innovation, and 
nonlinear change in human behavior. For ex-
ample, in just 2 years, China’s coal use swung 
from 3.7% growth in 2013 to a decline of 3.7% 
in 2015 (5). To harness these dynamics and 
to calibrate for short-term realpolitik, we pro-

pose framing the decarbonization challenge 
in terms of a global decadal roadmap based 
on a simple heuristic—a “carbon law”—of 
halving gross anthropogenic carbon-diox-
ide (CO2) emissions every decade. Comple-
mented by immediately instigated, scalable 
carbon removal and efforts to ramp down 
land-use CO2 emissions, this can lead to net-
zero emissions around mid-century, a path 
necessary to limit warming to well below 2°C.

The Paris goal translates into a finite plan-
etary carbon budget: a 50% chance of limit-
ing warming to 1.5°C by 2100 and a >66% 
probability of meeting the 2°C target imply 
that global CO2 emissions peak no later than 
2020, and gross emissions decline from ~40 
gigatons (metric) of carbon dioxide (GtCO

2
)/

year in 2020, to ~24 by 2030, ~14 by 2040, 
and ~5 by 2050 (3) (see the figure, top). 
Risks could be further reduced by moder-
ately increasing ambition to halve emissions 
every decade (see the figure, bottom right). 
Following such a global carbon law means 
at least limiting cumulative total CO2 emis-
sions from 2017 until the end of the century 
to ~700 GtCO

2
, which allows for a small but 

essential contingency (~125 GtCO2 less com-
pared with total CO2 emissions in the path-
way in the figure, top) for risks of biosphere 
carbon feedbacks (6) or delay in ramping up 
CO2-removal technologies.

A carbon law applies to all sectors and 
countries at all scales and encourages bold 
action in the short term. It means, for ex-
ample, doubling of zero-carbon shares in the 
energy system every 5 to 7 years, a rate con-

sistent with the trajectory of the past decade 
(see the figure, bottom left). All sectors (e.g., 
agriculture, construction, finance, manufac-
turing, transport) need comparable transfor-
mation pathways. In addition, in the absence 
of viable alternatives, the world must aim at 
rapidly scaling up CO2 

removal by technical 
means from zero to at least 0.5 GtCO2/year by 
2030, 2.5 by 2040, and 5 by 2050. CO2 emis-
sions from land-use must decrease along a 
nonlinear trajectory from 4 GtCO2/year in 
2010, to 2 by 2030, 1 by 2040, and 0 by 2050 
(see the figure, bottom right). The endgame 
is for cumulative CO2 emissions since 2017 to 
be brought back from around 700 GtCO2 to 
below 200 GtCO2 by the end of the century 
(see the figure, top) and atmospheric CO2 
concentrations to return to 380 ppm by 2100 
(currently at 400 ppm).

Roadmaps are planning instruments, link-
ing shorter-term targets to longer-term goals. 
They help align actors and organizations to in-
stigate technological and institutional break-
throughs to meet a collective challenge. An 
explicit carbon roadmap for halving anthro-
pogenic emissions every decade, codesigned 
by and for all industry sectors, could help 
promote disruptive, nonlinear technological 
advances toward a zero-emissions world. The 
key to such a carbon law will be a dual strat-
egy that pushes renewables and other zero-
emissions technologies up the creation and 
dissemination trajectory, while simultane-
ously pulling fossil-based value propositions 
from the market. Thus, the transformation 
unfolds at a pace governed by novel schemes 
rather than by inertia imposed by incumbent 
technologies (see the figure, bottom left).

We sketch out a broad decadal decar-
bonization narrative in four dimensions—
innovation, institutions, infrastructures, and 
investment—to provide evidence of feasibility 
and depth of transformation for economies to 
stay on a carbon-law trajectory. The narrative 
provides no guarantees but identifies crucial 
steps, grounded in published scenarios com-
bined with expert judgment. Each step has 
two parts: actions for rapid near-term emis-
sions reductions, and actions for systemic 
and long-term impact, creating the basis for 
the next steps. Such a narrative, specifically 
designed with decadal targets and incentives, 
could provide key elements for national and 
international climate strategies.

2017�2020: NO�BRAINERS
Annual emissions from fossil fuels must 
start falling by 2020. Well-proven (and ide-
ally income-neutral) policy instruments 
such as carbon tax schemes, cap-and-trade 
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P O L I C Y  F O RU M
The road to global decarbonization must involve 
renewable energy, as from these wind turbines in 
Germany, and improved transportation technologies.

CLIMATE POLICY

A roadmap for rapid 
decarbonization
Emissions inevitably approach zero with a “carbon law”
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A Roadmap for rapid decarbonization

Rockström, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 





SCALING 36 SOLUTIONS TO  
HALVE EMISSIONS BY 2030
VERSION 1.5, 2019
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Conceptual Framework EAT-Lancet Commission



Feeding Humanity Within Planetary Boundaries for Food





Earth Targets for our global commons



A good life 
for all 
within 
planetary 
boundaries

O’Neill, D., et al. (2018). A good life for all 
within planetary boundaries. 
Nature Sustainability, 1, pp. 88-95. 
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A Safe Operating Space for Humanity



Thank You!


