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Ensuring sustainable human development 
for future generations will involve put-
ting limits on the pressures that global 

society exerts on our planet1. Global warming 
is only one of those pressures; ocean acidifica-
tion, chemical pollution and the rate of bio-
diversity loss are examples of others. These 
impacts do not occur in isolation. Many are 
intertwined and thus call for an integrated 
approach that explicitly accounts for possi-
ble interactions. A study by Steinacher et al.2 
published on Nature’s website today shows 
the importance of such an integrated-systems 
perspective, and provides valuable insight 
into what could form part of a “safe operating 
space for humanity”1. The authors quantify the 
ways in which simultaneously achieving multi-
ple sustainability objectives influences the 
amount of carbon emissions we are allowed to 
emit. Their most striking finding is that when 
multi ple limits are not allowed to be exceeded,  
permissible carbon emissions are generally 
lower than for the most restrictive single limit —  
a direct result of this holistic approach.

Steinacher and colleagues’ study focuses 
mainly on the climate system, but is not 
restricted to warming alone. Consistent with 
how the climate system is being defined in the 
international policy arena3, the authors include 
aspects and interactions of the atmosphere, 
hydrosphere and biosphere in their analysis. By 
doing so, they go the crucial extra mile beyond 
previous studies that focused on temperature4,5 
or other effects in isolation. They impose lim-
its on six target variables of the climate system 
that are related to one or more of the above-
mentioned ‘spheres’: global-mean warming; 
sea-level rise from thermal expansion; ocean-
acidification indicators both in the Southern 
Ocean and in locations that are common 
coral-reef habitats; changes in the net primary 
production of the terrestrial biosphere; and the 
loss of carbon from cropland soils.

How do Steinacher et al. explain their find-
ing that allowable carbon emissions under 
multiple climate objectives turn out to be lower 

than for the most restrictive single limit? They 
explored this question using a global climate 
model of intermediate complexity in a proba-
bilistic set-up. Such an approach provided 
them with a fully interactive representation of 
the geophysical processes of interest at man-
ageable computational cost. They observed 
many cases in which meeting one objective in 
isolation simultaneously leaves open the pos-
sibility that other objectives are pushed beyond 
their allowed values. Combining emission 
constraints for all objectives then results in an 
overall smaller allowable carbon budget.

As is the case for most modelling studies, the 
true value of Steinacher and colleagues’ work 
lies in its insights, not in its numbers6. The 

study is instruc-
tive because the 
authors point out 
its limitations, and 
caution against 
reading too much 
into its results. The 
target variables 
that they assessed 
are illustrative and 
will need further 
elaboration. For 

instance, their choice of objectives was lim-
ited to processes actually represented in their 
model. Therefore, targets on regional sea-level 
rise, for example, or interactions between 
human health and air pollution, could not 
be evaluated. Stakeholders might also need 
to evaluate trade-offs and set priorities with 
regard to the stringency of the respective lim-
its. Furthermore, because the authors could 
not account for uncertainties in the model’s 
structure, the assessment remains dependent 
on the model used7. Finally, the analysis uses a 
set of emissions scenarios from the literature 
that were not explicitly developed to span the 
entire range of possible future outcomes, and 
can therefore be at best informative.

The study’s results clearly demonstrate the 
importance of holistic and integrated assess-
ments of sustainable human development. The 
conventional focus on temperature change 

alone should move towards a more compre-
hensive accounting of multiple objectives and 
their interactions, from the global to the local 
scale. It calls not only for fuller integration of 
geophysical processes and biogeochemical 
cycles, but also for approaches that explore 
integrated policy answers to those challenges.

The relevance of such assessments for  
policy-making cannot be overemphasized. 
Now adays, policy-makers need to carry out the 
often difficult task of linking global objectives 
to a variety of local effects. Approaches that 
follow Steinacher and colleagues’ study could 
allow them to define explicit sustainability lim-
its for a range of effects that directly influence 
the well-being of the populations involved. 
This will result in a better understanding of 
trade-offs and synergies between objectives, 
allowing them to be prioritized more effec-
tively. To be sure, no modelling framework 
can by itself objectively make such prioritiza-
tion. This will remain subject to value-and-risk 
judgements, on which people rarely agree. 
Even integrated modelling will not avoid that, 
but it will provide a more formal way to explore 
the consequences of certain choices.

In conclusion, Steinacher and colleagues’ 
work adds further weight to the large body 
of scientific evidence that shows the increas-
ing risk of climate-impact thresholds being 
exceeded if global action is delayed further8–10. 
On the positive side, when looking for robust 
and integrated solutions to these challenges, 
it is often the case that significant synergies 
are found if multiple objectives are pursued 
simultaneously11. Steinacher et al. have added 
an important piece to the puzzle of attempt-
ing to manage the transition to a sustainable 
future for our society, a puzzle that in itself 
will undoubtedly be subject to great societal 
debate. ■
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A holistic approach  
to climate targets
An assessment of allowable carbon emissions that factors in multiple climate 
targets finds smaller permissible emission budgets than those inferred from 
studies that focus on temperature change alone. 

“The results 
clearly 
demonstrate 
the importance 
of holistic and 
integrated 
assessments of 
sustainable human 
development.”
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