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Structure of the talk
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Complex Social-Ecological Systems (SESs)
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We live in a very complex world…

5
Photo by The New York Public Library on Unsplash

https://unsplash.com/@nypl?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/planet-earth?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


Complex Systems - Key properties

• Numerosity – Several components

• Non-linearity – Presence of thresholds that can cause 
regime shifts

• Interconnectedness – interaction between components 
and sub-systems

• Emergence - characteristics or behaviours resulting from a 
complex system that could not be captured by merely 
studying its single components in isolation
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Complex Social-Ecological Systems
Social-ecological systems are linked systems of people and
nature, emphasising that humans must be seen as a part
of, not apart from, nature (Berkes and Folke, 1998)
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Complex Social-Ecological Systems
• Human activities have a profound impact on the ecological

system
• The ecological system, in turn affects human activities
• This is a never-ending, unavoidable cycle

Mutual effects are complex and difficult to predict
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• One-fifth of the world’s countries are at 
risk of their ecosystems collapsing 
because of the destruction of wildlife 
and their habitats 

• More than half of global GDP – $42tn 
(£32tn) – depends on high-functioning 
biodiversity, according to the report
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Biodiversity and connected Ecosystem Services 
continue to be destroyed (Swiss Re, 2020)



Social-Ecological Tipping Points

Complex social-ecological systems are characterised by 
tipping points and we don’t know where these are placed 
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Real-life examples of how social-ecological-social 
dynamics work – The Amazon Rainforest 
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Real-life examples of how social-ecological-
social dynamics work – Loss of insects
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Real-life examples of how social-ecological-
social dynamics work – Eutrophication
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Real-life examples of how social-ecological-
social dynamics work – food and fuel riots
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Real-life examples of how social-ecological-
social dynamics work – Virus outbreaks
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Environmental Security
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Pathways from availability of resources to 
conflict (Vesco et al. 2020)
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Global Chaos Map Project – access to 
resources and conflict 
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Global Chaos Map Project – access to 
resources and conflict 

Environmental dynamics act as further stressors, which 
can lead to conflict
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Research on Fuel Riots (Natalini et al. 2020)
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Research on Food Riots (Natalini et al. 2019; 
2015)

21



Research on Food Riots (Natalini et al. 2019; 
2015)
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Environmental shocks can tip over the edge situations 
that are already politically and economically fragile



Research on Fuel Riots (Natalini et al. TBC)
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Drivers of virus outbreaks
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Animal-human interactions and virus spill 
over
• Studies on virus spill over (zoonotic viruses) due to animal-

human interaction, pre-date COVID-19
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Animal-human interactions and virus spill 
over
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Animal-human interactions and virus spill 
over
Recent research has found that two main human-related 
drivers have facilitated the transmission of animal viruses to 
humans (Johnson et al. 2020):

• Decreased distance between humans and wildlife – driven 
mainly by deforestation and wild habitat conversion

• Increased rates of extinction of big mammals (predators), 
and increasing populations of small rodents, main carrier 
of zoonotic diseases

Stress hormones can suppress the immune system in 
animals, therefore helping the virus spread (Martin et al. 
2011) (e.g. in wet markets)
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Animal-human interactions and virus spill 
over
Recent research has found that two main human-related drivers 
have facilitated the transmission of animal viruses to humans 
(Johnson et al. 2020):

• Decreased distance between humans and wildlife – driven 
mainly by deforestation and wild habitat conversion

• Increased rates of extinction of big mammals (predators), and 
increasing populations of small rodents, main carrier of zoonotic 
diseases

Stress hormones can suppress the immune system in animals, 
therefore helping the virus spread (Martin et al. 2011) (e.g. in wet 
markets)

More pandemic outbreaks are likely to happen if biodiversity 
and distance between humans and nature decrease 28



Ecological risks can cascade through 
networks and jump between dimensions
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Networks
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Increased interconnectivity in our complex 
social-ecological system…

Networks such as the internet, international trade, the finance 
system connect our complex social-ecological system.

The density, capacity and speed of connections is increasing
(Homer-Dixon, et al. 2015)

Make the system more interconnected and more opaque

More complex, more opaque systems are more difficult 
to understand and behaviours more difficult to predict
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An example of cascading ecological shocks  
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Lebanon - an illustration of a cascading 
social-ecological crisis
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Lebanon - an illustration of a social-
ecological crisis

Before Covid-19 Lebanon was already in a ‘fragile’ situation
• Complex political system legacy from civil war
• One of main recipient of Syrian refugees (around 1.5m 

refugees – the most per capita in the world) (UNHCR 2019)
• Water scarce region  
• Large food importer (80% of food demand)
• Mismanagement of service provision (lack of continuous 

electricity, no drinking water, etc)
Economic + political crisis (anti-corruption/ protests since 
October 2019) 
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Lebanon - an illustration of a social-
ecological crisis

Before Covid-19 Lebanon was already in a ‘fragile’ situation
• Complex political system legacy from civil war
• One of main recipient of Syrian refugees (around 1.5m 

refugees – the most per capita in the world) (UNHCR 2019)
• Water scarce region  
• Large food importer (80% of food demand)
• Mismanagement of service provision (lack of continuous 

electricity, no drinking water, etc)

Economic + political crisis (anti-corruption/anti-government 
protests since October 2019) 
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Lebanon - an illustration of a social-
ecological crisis

Covid-19 effects on Lebanon
• Lebanese pound down 80%
• Drop in food imports
• Food inflation at 200%
• Further unrest

36



Lebanon - an illustration of a social-
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• Drop in food imports
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Food riots



Lebanon - an illustration of a social-
ecological crisis

Covid-19 effects on Lebanon
• Lebanese pound down 80%
• Drop in food imports
• Food inflation at 200%
• Further unrest

38

Food riots

(Plus the obvious elephant in the room that was the blast, 
with consequent increase in anti-government protests)



Lebanon - an illustration of a social-
ecological crisis
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Empirical example of how fragile situations can be 
further exacerbated by environmental shocks that 

travel through networks and result in increased 
conflict



Conclusions and reflections
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Conclusions – A vicious social-ecological 
cycle

41

Unsustainable 
human activities

Ecological 
breakdown

Underlying 
political fragility

Widespread 
social unrest and 

conflict

Ecological shocks 
spread through 

networks



Conclusions – Better models and better 
decisions

We need better models to
• Better understand dynamics
• Better understand how shocks travel
• Better understand second-order effects of decisions
• Identify situations at risk
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Conclusions – Better models and better 
decisions

We need better models to
• Better understand dynamics
• Better understand how shocks travel
• Better understand second-order effects of decisions
• Identify situations at risk

Ultimately, make better decisions
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