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Background

Combustion produces the energy essential to human activ-
ity, but emits a range of pollutants, including CO2 and 
fine particles. While CO2 primarily impacts the climate 
system, the fine particles produced by combustion affect 
climate, health, ecosystems and society. These emissions, 
which have increased rapidly since the start of the indus-
trial revolution, are now reaching levels that threaten the 
proper functioning of all the complex systems on which the 
sustainability of our societies depends. As these particles 
reach and affect all ecospheres (i.e. atmo-, cryo-, hydro-, 
pedo-, bio- and anthroposphere) during their life cycle, 
reducing their emissions contributes to many of the Sus-
tainable Development Goals (SDGs).
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An age-old form  
of pollution that has evolved 
with society

Until the middle of the 19th century, energy 
was produced by burning biofuels (wood and 
charcoal). After that, the widespread use of 
fossil fuels led to a proportional increase not 
only in CO2 and fine particle emissions from 
combustion, but also in population size, 
urbanisation, GDP per capita, literacy rates 
and life expectancy. So while the discovery 
of fire was the first milestone in the develop-
ment of societies, the burning of fossil fuels 
has made us more numerous and, on the 
whole, more urban, richer, older and more 
cultured. 

Following extreme pollution events in the 
20th century, Western societies became aware 
of the need to reduce the collateral damage 
caused by energy production, which led them 
to pass laws guaranteeing air quality. As a 
result, energy-intensive and polluting pro-
duction activities were gradually separated 
geographically from the consumption of the 
goods produced. This separation, which ini-
tially took place at country level, has now 
expanded to a global scale. Today, it is coun-
tries in the Global South, particularly in Asia, 
that produce most of the goods and suffer 
the consequences. Initially, this shift in pro-
duction tools led to rapid economic growth 
in some developing countries, coupled with 
heavy industrialisation and urbanisation. 
Today, these transformations are leading to 
intolerable situations and heightened public 
awareness, resulting in growing socio-political 
tensions.

Pollution without borders:  
climate, health, ecosystems, 
societies

The principles of thermodynamics are stub-
born. Oxidising fuels to extract thermal energy 
produces waste. Combustion particles from 
this waste have properties and a life cycle 
that enable them to reach and impact all eco-
spheres. They are formed in fire, circulate in 
the atmosphere, are deposited on the surface 
of the cryosphere, pedosphere and hydro-
sphere, ultimately becoming buried in sedi-
ments. Along the way, they affect the physics, 
chemistry and biology of various environmen-
tal and human systems. They know no geo-
graphical, thematic, ecosystemic or sectoral 
boundaries, least of all those of the SDGs. 
Following the breadcrumb trail left by these 
combustion particles not only helps to guide 
us through the maze of the SDGs and their tar-
gets, but also highlights their interconnections 
and their “integrated and indivisible” nature. 
This exercise advances the 2030 Agenda by 
improving the global environment and limit-
ing climate change, delivering benefits for 
health, ecosystems and societies, with par-
ticular emphasis on: 1) improving health and 
well-being by reducing premature death due to 
noncommunicable diseases (SDG 3.4), reduc-
ing death and disease from dangerous chemi-
cals and air, water and soil pollution (SDG 3.9), 
and strengthening the capacity of all countries 
for early warning, risk reduction and manage-
ment of health risks (SDG 3.D); 2) preserving 
the global environment by improving air qual-
ity (SDG 11); 3) reducing marine pollution and 
increasing the resilience of marine ecosystems 
(SDG 14); and 4) preserving terrestrial and 
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freshwater ecosystems and halting and revers-
ing land degradation and biodiversity loss 
(SDG 15). Furthermore, describing the multiple 
impacts of this pollution by adopting transdis-
ciplinary approaches is essential to identifying 
the benefits of reducing emissions of atmo-
spheric pollutants in order to raise awareness 
among the various stakeholders (SDG 17) and 
advocate a revision of our production and con-
sumption patterns aimed at reducing emissions 
(SDGs 7 and 12). Lastly, given the inseparable 
link between air pollution and climate change, 
the desire to improve air quality for immediate 
health reasons is a powerful lever for optimis-
ing the fight against climate change, and in so 

doing circumventing the cognitive bias of dis-
tancing ourselves from future issues that seem 
so far away (SDG 13).

Reducing emissions:  
from science about sustainability 
to science for sustainability

The challenge facing scientists is to move 
from a science about sustainability – aimed at 
improving our understanding of how physical, 
chemical, biological and social systems func-
tion and how vulnerable they are to increasing 

The relationship between air pollution and the Sustainable Development Goals.
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Key points

Because fine particle pollution from combustion affects all environmental and 
human systems, the only way to find sustainable solutions is to take a truly cross-
cutting approach that does away with borders: a cross-ecosphere, cross-disciplinary, 
cross-SDG, cross-border approach. The good news is that air pollution is a disease 
with a known cure: reducing emissions will bring immediate benefits for humankind 
as a whole. This makes it both a complex cross-cutting challenge and perhaps an 
ambitious test case for our ability to engage successfully in sustainability science by 
following this breadcrumb trail.

pressures – to a science for sustainability – 
aimed at supporting sustainable policies and 
positive social transformations. The main char-
acteristic of this science is to build, on solid 
scientific foundations (data-based evidence), 
scenarios of likely futures depending on the 
path taken.

Since moral responsibility towards future gen-
erations is a driving force behind commitment 
to sustainability science, researchers have a 
duty to provide the scientific evidence needed 
to find a balance and continuity between satis-
fying the needs of today and those of tomorrow. 
The main challenge is to challenge the domi-
nant economic model based on fossil fuels, and 
to propose new equilibria and tools. This com-
mitment to sustainability science with its goal 
of helping to reduce emissions must follow a 

sequence of stages that can be summarised 
as follows: 1) increasing our knowledge of the 
nature, sectoral and geographical origins of 
pollutants (what and where do we clean up?), 
and their impacts on physical, chemical, bio-
logical and socio-political systems (why clean 
up?); 2) using this knowledge to develop sce-
narios for positive change (how do we clean 
up?) and assess the potential effectiveness of 
desirable and acceptable options (how effec-
tive are they?); 3) raising awareness among 
communities and decision-makers of the risks 
associated with inaction (where is the consen-
sus?); and 4) providing support to define the 
transformative solutions required to achieve 
the objectives identified, and to monitor the 
effectiveness of the measures taken (what are 
the solutions?).



Sustainability 
science

IRD Éditions

French National Research Institute for Sustainable Development
Marseille, 2023

Collective thinking coordinated

by Olivier Dangles and Marie-Lise Sabrié 
 

understand, co-construct, transform

Volume 2



Cover photo: Rock painting, Cueva de las Manos, Argentina.
© IRD/O. Dangles - F. Nowicki/Une Autre Terre

Photo p. 14: Cast net fishing: casting the net (New Caledonia).
© IRD/P. Dumas 

Photo p. 52: Farm work with a plough (Morocco). 
© IRD/G. Michon

Photo p. 86: Launch of the participatory observatory on vulnerability to erosion: 
training ecoguards (Anjouan, Comoros).
© IRD/N. Mirhani

Photo p. 112: Modelled map showing the damage caused by flooding  
and the success or failure of recommended measures (Madagascar).
© IRD/Didem/Rijasolo

Photo p. 138: Rice LMI workshop on rice improvement to cope with the constraints of climate change. 
© IRD/F. Carlet-Soulages

Photo p. 164: Graphic animation of the Franco-Brazilian network for the sustainable development 
of the North-East semi-arid region (ReFBN) (Brazil).
© IRD/M. Disdier

D2S follow-up of the articles: Claire Fréour and Magali Laigne
Editorial coordination: Marie-Laure Portal-Cabanel 
Cover: Charlotte Devanz 
Design and layout: Aline Lugand

This publication is open-access and made available to the public under the terms of the Creative Commons license 
CC BY-NC-ND 4.0, which can be viewed at https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en. Under this 
license, the original work can be freely redistributed as long as the authors and publishers are credited and a link to 
the license CC BY-NC-ND 4.0 is provided. Modifications are not authorised and the work must be published in its 
entirety. The material may not be used for commercial purposes.

© IRD, 2023

PDF version ISBN:  978-2-7099-3003-1


	CONTENTS
	Preface
	Introduction
	UNDERSTAND
	Sustainable coexistence between humans and wildlife and the challenge of zoonotic diseases
	Sustainability science put to the test of science
	Crises and sustainability science: a public policy issue?
	Zoonoses and sustainable urbanisation in the Global South: understanding the risks to prevent them more effectively
	Green spaces and concrete: can they exist side-by-side?
	Studying the evolutionary dynamics of the interaction between water and man in the past in order to plan for the future
	Towards more sustainable use of fish aggregating devices
	Food and dilemmas
	Fine particle pollution: a breadcrumb trail through SD G maze
	Food-friendly landscapes: moving beyond food sustainability
	Sustainable gathering, an example of reciprocal contribution between people and nature
	Crises and sustainability science: contingency and necessity
	Socio-ecological metabolism for thinking about the sustainability of society-environment interactions
	Soil health: a holistic and transdisciplinary approach
	Strong sustainability as a paradigm for bridging economics and sustainability science
	Space geodesy to observe changes in the Earth’s habitable conditions
	Studying territorial dynamics in the Anthropocene

	CO-CONSTRUCT
	Urban vulnerabilities to climate change: a case study from Bolivia
	Nature as an interdisciplinary object
	A shared fieldwork area: fertile ground for interdisciplinary research into cities in the Global South
	Agroecological research: “Your attitude, not your aptitude, will determine your altitude.”
	Moving towards land degradation neutrality
	Utilising the critical zone concept in interdsiciplinary research
	In defence of militant research: understanding and action insocio-hydrological territories
	Nutrition-sensitive aquaculture for more sustainable aquatic food systems
	Co-constructing scenarios for Indian Ocean deltas
	Moving beyond transdisciplinarity
	Sustainable food systems in the Global South(s)
	International joint laboratories: experiments with a sustainable, equitable partnership model

	TRANSFORM
	Sustainability sciences and education
	From urban tips to extractive territories: reformulating the waste issue
	How do we define "sustainable meat consumption"?
	Isopolis, a project of societal transformation for La Réunion
	Academia and sustainability: towards a holistic approach
	The contribution of gender studies to transdisciplinary sustainability science
	Sustainability science in Mexico: taking the plunge
	The hatchet and the seed: never mind about old positions, let's work together!
	Managing marine ecosystems: the crucial contribution of research
	Scientific diplomacy: a concept still waiting to be invented?
	Participatory theory of change and the agroecological transition
	New ways of working
	No sustainability science without open science




