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Agriculture & Fisheries 

as drivers of change
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Skills you gain:
1- Improve our knowledge on how agriculture might contribute to 
Global change
2- Get familiar with íts perturbation of the planetary boundaries
3- Obtain knowledge on the future scenarios
4- Critically evaluate the current Agriculture & planetary boundaries
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Agriculture: A major source of 

biogeochemical impacts

Few agricultural regions of very high N & P 
application rates are the main 
contributors to the transgression of this 
boundary. A redistribution of fertilization 
from areas where it is currently in excess 
to areas where the soil is naturally poor 
may simultaneously boost global crop 
production and reduce the transgression 
of the N-P boundaries.
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https://gerenciaderiesgosyseguros.com

More information on N & P impacts 
on lecture about agriculture.



The planetary boundaries define a safe 

operating space for humanity
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DOI: 10.1126/science.1259855

Two of the planetary boundaries-
climate change and biosphere 
integrity- are recognized as “core” 
based on their fundamental 
importance for the Earth system. 



Types of planetary boundaries 7

Processes with global 

scale thresholds
Slow processes without 

known global scale 

thresholds

Scale of the process

Systemic at 

Planetary scale

Aggregated from 

regional/local scale

Climate change

Ocean acidification

Stratospheric Ozone

Global P & N cycles

Atmospheric aerosol loading

Freshwater use

Land use change

Biodiversity integrity

Chemical pollution



8Core planetary boundary:

Climate change

The climate system is a 
manifestation of the 
amount, distribution, and 
net balance of energy 

at Earth’s surface. The 
total amount of energy 
sets the overall 
conditions for life.

Activity: How could this 
be driven and impacted 
by agriculture and 
fisheries?



9Core planetary boundary:

Biosphere integrity

https://en.wikipedia.org

(Biodiversity loss)

Biological diversity provides 
ecological functions that 
support biophysical sub-
systems of the Earth, and 
thus the underlying 
resilience of other planetary 
boundaries.

DOI: 10.1126/science.1259855

Activity: How could this 
be driven and impacted 
by agriculture and 
fisheries?



Addition of CO2 to the 
oceans lowers pH of the 
surface seawater. 
Marine organisms are 
sensitive to changes in 

pH. Surface ocean pH 
has decreased by 
about 0.1 pH units 
(corresponding to a 30% 
increase in hydrogen ion 
concentration since pre-
industrial times. This rate 
of acidification is at least 
100 times faster than at 
any other time in the last 
20 million years 

10Planetary boundary: 
Ocean acidification

Ocean acidification 
poses a challenge to 
marine biodiversity 
and the ability of 

oceans to continue to 
function as a sink of 
CO2 (~ 25% of human 
emissions).

www.pmel.noaa.gov

Activity: How could 
this be driven and 
impacted by 
agriculture and 
fisheries?



11Ocean acidification: Past, 
present & future

The ocean acidification boundary using as control variable aragonite saturation state 

Pre-industrial state
(280 ppm CO2 atm)

“Business as usual“ state
(550 ppm CO2 atm)

Current state
(~400 ppm CO2 atm)

Safe operating space Ωarag

Zone of uncertainty Ωarag

Dangerous level Ωarag DOI: 10.1126/science.1259855

Activity: How could this be driven 
and impacted by agriculture and 
fisheries?



Together with the other stressors functioning as a slow driver 
influencing anthropogenic climate change at the planetary level.

Planetary boundary: 
Biogeochemical flows
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Changes in the cycling of macroelements (e.g. N, P, Si, S)

Eutrophication due to human induced influxes of nitrogen & phosphorus push aquatic and marine systems across thresholds, 
generating abrupt non-linear change from, e.g.  a clear-water oligotrophic state to a turbid-water eutrophic state

http://www.bbc.co.uk

Activity: How could this 
be driven and impacted 
by agriculture and 
fisheries?



Land-system change 13

DOI: 10.1126/science.1259855

Forest cover remaining in the world’s major continuous forest biomes

The biosphere integrity boundary provides a considerable constraint on the amount and pattern of land-system change in all terrestrial biomes.

This boundary 
focuses on a specific 
constraint: the 
biogeophysical
processes in land 
systems that directly 
regulate climate—
exchange of energy, 
water, and 
momentum between 
the land surface and 
the Atmosphere. 

Activity: How could 
this be driven and 
impacted by 
agriculture and 
fisheries?



Risk: collapse of terrestrial and 

aquatic ecosystems, major 

shifts in moisture feedback, and 

freshwater/ocean mixing at 

regional to continental scales.

Planetary boundary: 

Freshwater use
14

About 90% of global green 

water flows are required to 
sustain critical ecosystem 
services, whereas 20%– 50% of 
the mean annual blue water 
flows in river basins are 
required to sustain aquatic 

ecosystem functioning.

25% of the world’s river basins run dry before reaching the oceans due to use of freshwater resources in the basins

http://riosvoadores.com.br/english/

Activity: How could this 
be driven and impacted 
by agriculture and 
fisheries?



Planetary boundary: Introduction

of novel entities
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Originally as chemical pollution, the revised version of this planetary boundary is referring to new substances, new forms of existing 
substances, and modified life forms that have the potential for unwanted geophysical and/or biological effects.

http://medlarge.com

The novel entities might 
display:
• Persistence
• Mobility across scales with 

consequent widespread 
distributions

• Potential impacts on vital 
Earth-system processes or
subsystems

Scientific challenges:
• Chemicals with unknown 

disruptive effect on vital Earth-
system process

• Disruptive effect may not 
discovered until it is a problem at 
the global scale

• Effect may not be readily 
reversible

• Database for timely  screening 
of chemicals

• Which boundary?

Activity: How could this be 
driven and impacted by 
agriculture and fisheries?



16Agriculture & Fisheries



Summary: Planetary boundaries

 Providing food security is costly to the 

planet and impacts several planetary 

boundaries.

 Agriculture is the single most impacting 

human activity.

 The use of fertilizers are beyond the 

limits that the planet can support.

 Fisheries are driving marine stocks to a 

significant dangerous zone.

17



18

Thanks
Do not forget to check your paper for our next discussions
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