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Abstract. In recent years research on positive social tipping dynamics in response to the climate crisis has produced invaluable 

insights. In contrast, relatively little attention has been given to the potentially negative social dynamics that might arise due 

to an increasingly destabilised Earth system, and how they might in turn reinforce social destabilisation dynamics and/or 30 

impede positive social change. In this paper, we identify potential negative tipping elements linked to Earth System 

destabilisation and draw on related research to understand the drivers and likelihood of these negative tipping dynamics, their 

potential effects on human societies and the Earth system, and the potential for cascading interactions and contribution to 

systemic risks. This first attempt to provide a first explorative conceptualisation of negative social tipping dynamics is intended 

to motivate further research into an under-researched area that is nonetheless crucial for our ability to respond to the climate 35 

crisis and for ensuring that positive social tipping dynamics are not averted by negative ones.   

1 Introduction 

Recent advances in research on Earth system tipping points (e.g., Armstrong McKay et al., 2022), paint an increasingly 

alarming picture of the state of our planetary system. Understanding tipping points and other forms of non-linear change is 

now widely recognised as critical to managing and responding to change in complex systems (Scheffer, 2009). We define 40 

social tipping points as critical thresholds in a social system at which a small change can trigger a significant and often 

irreversible phase transition in the social system because of self-amplifying, non-linear feedback(s) within the social system 

(Otto et al., 2020, Milkoreit 2023). Social tipping points can be both positive (predominantly beneficial to humans and the 

natural systems) and negative. We regard the tipping process as negative if the phase transition or the resulting newly reached 

equilibrium, i.e., the new state of the social system, leads to further destabilisation of the Earth system, which has potentially 45 

catastrophic consequences for human societies and ecological systems (IPCC, 2022; Lenton et al., 2023). Increasing attention 

is also being paid to cascade effects that connect different systems, implying that a change in one system may trigger further 
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change in another system (Liu et al. 2023). Here, we consider a tipping cascade to take place when one tipping point triggers 

the crossing of another tipping point (Klose et al 2021). 

Although research on the potential for positive social tipping dynamics in various systems (e.g., food, energy, transportation, 50 

financial, behavioral etc.) has started to emerge (Tàbara et al., 2018; Otto et al., 2020; Lenton 2020; Lenton et al., 2022; 

Winkelmann et al., 2022, Milkoreit, 2023), there has been limited research on negative social tipping dynamics that might be 

triggered by climate change. This is noteworthy, not least because early research on tipping points in the social sciences was 

mostly concerned with undesirable social processes, such as rapid and non-linear patterns of urban racial segregation in the 

United States (Schelling, 1978). More recently, researchers have used dynamical systems analyses to empirically study tipping 55 

points in school segregation (Spaiser et al., 2018), political instability of countries (Grimm & Schneider, 2011), and rapid 

proliferation of misinformation (Törnberg, 2018).  

We assume that negative social tipping points are triggered unintentionally and are a result of complex, often non-linear 

dynamics, in line with the original social tipping points research (Schelling, 1978). Even where vested interests result in 

deliberate climate obstruction (Ekberg et al., 2023), we assume that large-scale negative outcomes are accepted rather than 60 

intended. The role of agency is therefore strikingly different in the conceptualisation of negative social tipping points, 

compared to positive social tipping points, where the assumption is that positive social tipping processes and dynamics can be 

steered by agents through creation of enabling conditions for positive social tipping to occurr (Alexander et al., 2022; 

Winkelmann et al., 2022). This notion of steering has been challenged recently (Milkoreit, 2023). 

Negative and potentially catastrophic consequences are unequally distributed both internationally, as well as within each 65 

society. Research has emphasised that low-income countries that have often contributed least to the destabilisation of the Earth 

system, will bear the brunt of the climate change impacts (IPCC, 2022; Lenton et al., 2023). Moreover, within each society, it 

is the most vulnerable groups, such as children (Thiery et al., 2021; UNICEF, 2021), women (Denton, 2002), minority groups 

(Berberian et al., 2022, Donaghy et al., 2023) and generally the less affluent (Thomas et al., 2019), who will be most affected 

by climate change impacts. Triggering negative social tipping points will have considerable consequences for these vulnerable 70 

groups, further amplifying their vulnerability and stressing the need for climate justice (Newell et al., 2021).   

In this perspective, we pose the following questions: (1) What are the potential negative social tipping points that the 

destabilisation of the Earth system could trigger? (2) How do these negative tipping elements interact and what cascades could 

these interactions cause?  (3) To what extent could the triggering of negative social tipping points and cascades further 

destabilise the Earth system? And (4) what intervention options are available to prevent negative social tipping points and 75 

cascades.  

2 Mapping out Negative Social Tipping 

We identify five negative social tipping points that some existing evidence suggests could be triggered by Earth system 

destabilisation (see Figure 1). The part or subsystem of a larger system that can pass a tipping point is referred to as the tipping 

element. Drawing on the positive social tipping element framework developed by Otto et al. (2020), we identify four social 80 

tipping elements (TE) that have the potential for negative tipping processes (TP): socio-psychological systems (TE1), political 

systems (TE2), human settlements (TE3) and financial markets (TE4). Figure 1 provides an overview of these tipping elements 

and the tipping points that could be triggered within these tipping elements: Anomie (TP1.1), Radicalisation & Polarisation 

(TP1.2), Displacement (TP2.1), Conflict (TP3.1) and Financial Destabilisation (TP4.1). The figure also indicates the potential 

for interactions between various negative tipping elements. The interactions between different TEs indicate different possible 85 

destabilisation pathways that could lead to the crossing of negative tipping points across scales and regions.  This illustrative 
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selection is based on evidence for tipping processes in these subsystems and evidence that Earth system destabilisation has a 

direct effect on these subsystems.   

[FIGURE 1 HERE] 

2.1 Anomie  90 

The concept of anomie, which was introduced by Durkheim (1893, 1897) to describe the breakdown of norms and social order 

and its relationship to suicide patterns in societies, has evolved over decades of social research (Abrutyn, 2019; Twyman-

Ghoshal, 2021). We define anomie as a state of a society or community that is characterised by a breakdown of social norms, 

social ties and social reality, resulting in social disorder and disorganisation, disorientation, and disconnection. These 

syndromes manifest on the individual level through mental health deterioration, increased suicide rates, and/or increased 95 

deviant behaviour (Brown, 2022; Teymoori, Bastian & Jetten, 2017). Although this is a relatively new area of research, there 

is increasing evidence to suggest that changes in the Earth System can contribute to anomie. For instance, anomie has been 

observed in the aftermath of natural disasters, made more likely by climate change (Miller, 2016) and it has been suggested 

that Earth System destabilisation may result in a new form of anomie, called environmental anomie (Brown, 2022), where 

sudden changes to the physical landscape can upend the established social order and undermine people’s ability to comprehend, 100 

relate to, and function within their environment. Beyond anomie resulting from extreme weather events caused by escalating 

climate change, there is also evidence for a rise in anomic experiences, particularly by young people and children around the 

world, contributing to a mental health crisis. In a first comprehensive study, surveying 10,000 children and young people (aged 

16-25 years) in 10 countries (Australia, Brazil, Finland, France, India, Nigeria, Philippines, Portugal, UK and USA) Hickman 

et al. (2021) found that more than 45% said their feelings about climate change negatively affected their daily life and 105 

functioning, 75% reported that they find the future frightening, and 83% said they think people (adults) have failed to take 

care of the planet. For a summary of other studies, see Figure 2. 

[FIGURE 2 HERE] 

The extent of tipping dynamics in anomie have not yet been studied directly, but some studies have demonstrated tipping 

dynamics in phenomena that can serve as proxies for the anomic state of a society or community. Specifically, (complex) 110 

contagion processes have been observed for mental disorders and distress, including suicide (Scatà et al., 2018; Paz, 2022), 

for deviant behaviours (Busching and Krahé, 2018), and for distrust (Ross et al., 2022). Anomie tipping can also result from a 

single extreme event, for instance, triggered by an Earth system tipping point being breached. Such an event can instantly 

disintegrate whole communities, scattering members of the community in the aftermath (i.e., interaction with displacement), 

often leaving them with depleted social and mental resources (Miller, 2016) and establishing the perception that society as a 115 

whole is failing (Teymoori et al., 2017). Tipping in this case can be described using Logistic Map models (Bruun et al., 2017). 

Anomie can have feedback effects on the Earth system, further destabilising it through various pathways. When social norms 

disintegrate, certain pro-social behaviours and collective action that are necessary to slow down the climate crisis may diminish 

(Constantino et al., 2022; Schneider and van der Linden, 2023; Lettinga et al., 2020). Without strong social norms supporting 

collective action and fostering trust and cooperation, it becomes increasingly challenging to implement effective measures to 120 

address accelerating Earth system destabilisation, hence increasing the likelihood for Earth system tipping (Fehr et al., 2002; 

Thøgersen, 2008; Malerba, 2022). 

2.2 Radicalisation & Polarization 

Radicalisation can be a reaction to perceived external threats, including ecological threats. Research suggests that people can 

respond to climate change and other ecological threats by becoming more authoritarian and derogative against outgroups 125 
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(Fritsche et al., 2012; Jackson et al., 2019; Taylor, 2019; Russo et al., 2020; Uenal et al., 2021). This effect can be further 

exacerbated by the well documented effect of heat on aggressive behaviours, including online hate speech (Stechemesser et 

al., 2022). While current trends seem to suggest increasing polarization (Dunlap et al., 2016, Vihma et al., 2021, Cole et al., 

2023), as climate change progresses and becomes a more concrete existential threat throughout the world (Huggel et al., 2022), 

we may see even socially liberal individuals developing increasingly authoritarian and reactionary views (Gadarian, 2010; 130 

Hetherington & Suhay, 2011; Huddy & Feldmann, 2011). Radicalisation can exhibit tipping dynamics. Research has described 

radicalisation, e.g., the spread of right-wing ideology (Youngblood, 2020), through complex contagion processes (Centola et 

al., 2018). Similarly, the spreading of extremist content on social media has been observed to follow complex contagion 

processes (Ferrara, 2017). Moreover, processes of “cross-pollination” of radical ideas have been documented (Kimmel, 2018; 

Baele et al., 2023), including for climate denial (Agius et al., 2020). And political polarization tipping, often accompanying 135 

radicalisation of certain segments of the population, has been found to be difficult to reverse due to asymmetric self-

perpetuating trajectories (Macy et al., 2021). 

Radicalisation and polarisation can have feedback effects on the Earth’s System, destabilising it further. According to research 

(Stanley et al., 2017; Stanley & Wilson, 2019; Julhä & Hellmer, 2020), authoritarian and social dominance attitudes are 

negatively related to environmental attitudes and support for environmental/climate change policies. Indeed, right-wing 140 

ideology has been repeatedly correlated with climate change denial (Hornsey et.al, 2016; Hoffarth & Hodson, 2016; Czarnek 

et al., 2020; Julhä & Hellmer, 2020). When climate is denied, no attempts are made to mitigate climate change, on the contrary, 

decisions may be taken to further prop up high-emitting industries (Ekberg et al., 2023; Darian-Smith, 2023). There is however 

increasingly a retreat of pure climate denial (primary climate obstruction), instead we see a rise in secondary and tertiary 

climate obstruction, which can include deliberate polarisation of societies on the issue (Kousser & Trantr, 2018, Goldberg & 145 

Vandenberg, 2019; Mann, 2021; Flores et al., 2022, Ekberg et al., 2023).  

2.3 Displacement 

Acute and slow-onset environmental pressures, such as extreme weather events and sea level rise (e.g. due to the melting of 

the West Antarctic Ice Sheet), are projected to impact the migration (voluntary) and displacement (forced, involuntary) of a 

large proportion of the population. As the proportion of the global population living in coastal regions continues to grow, likely 150 

surpassing one billion people this century, sea-level rise is projected to be one of the most costly and irreversible consequences 

of climate change (Hauer et al., 2019, McLeman, 2018, Kaczan & Orgill-Meyer, 2020). As global tipping points are reached, 

the increase in rapid-onset hazards and sea level rise is likely to increase pulse-like migration and displacement events 

(McLeman, 2018). Displacement can happen suddenly and is characterised by amplifying or positive feedbacks that can 

increase and maintain displacement even after the extreme weather event or initial shock has passed. This in turn can make 155 

those communities inhospitable for displaced populations to return to, creating a cycle that reinforces, extends, or renders the 

displacement permanent. Displaced populations must grapple with the loss of their livelihoods, often by identifying new 

temporary sources of income that can become permanent due to the challenges of returning to origin communities (Young & 

Jacobsen, 2013). These compounding and reinforcing effects can exacerbate pre-existing social inequities, and determine the 

pattern of displacement (e.g., short or long-term/permanent) among different populations. Additionally, decisions to migrate 160 

have been shown to be driven by social networks and connections and when members of a community have been displaced, 

others may make the decision to migrate (Manchin & Orazbayev, 2018). 

In the absence of appropriate governance mechanisms and protocols for how and where to relocate displaced communities, 

negative feedback consequences for the Earth System are possible. Hosting communities may face strains on their natural 

resources and/or sinks to meet the additional needs of the displaced and conflicts may emerge between displaced and host 165 

communities. For example, Tafere (2018) identified environmental degradation resulting from the influx of displaced 
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populations in East Africa, often in environmentally sensitive (e.g. protected forests) or already strained regions (e.g. arid or 

semi-arid areas).   

2.4 Conflict 

Despite growing concerns about conflict, the causal link between climate change and conflicts as well as their underlying 170 

dynamics remain debated (Buhaug, 2010; Buhaug et al., 2014; Solow, 2013, Selby et al., 2017). While statistical models 

inferred either significant coincidences of particular civil conflict events with concurrent climate extreme events or significant 

associations of warming and drought trends with civil conflict trends, many qualitative in-depth assessments of the particular 

civil conflict events and their underlying mechanisms dismiss such coincidences and associations (Buhaug, 2010; Burke et al., 

2009; C. P. Kelley et al., 2015; Selby et al., 2017). Though not the only cause (Sakaguchi et al., 2017; Mach et al., 2019; 175 

Scartozzi, 2020; Ge et al., 2022), climate change undermines human livelihoods and security, because it increases the 

vulnerability of populations (e.g. to extreme events, food/water scarcity), grievances, and political tensions through an array 

of indirect – at times non-linear – pathways, thereby increasing human insecurity and the risk of violent conflict (Scheffran et 

al., 2012, van Baalen & Mobjörk, 2017; Koubi, 2019; von Uexkull & Buhaug, 2021; Ide et al., 2023).  It is difficult to separate 

mutually enforcing vulnerabilities to both climate and conflict that trigger an escalating spiral of violence and amplify 180 

cascading crisis events beyond critical thresholds and connected through telecoupling (Franzke et al., 2022). Many conflicts 

can be described in terms of social tipping mechanisms, and tipping can be triggered by Earth system destabilisation (Guo et 

al., 2018, Aquino et al., 2019, Sun et al., 2022, Ge et al., 2022, Guo et al., 2023). Using a complex systems lens and connecting 

the human–environmental–climate security (HECS) nexus framework (Daoudy 2021, Daoudy et al., 2022) and the social 

feedback loop (SFL) framework (Kolmes, 2008) can help clarify conflict tipping mechanisms in coupled social-ecological 185 

systems. But there remain gaps in understanding latent mechanisms which introduce variable delay (e.g., slow social 

transformations), confounding factors, and non-linear bifurcations (e.g., some transformations are irreversible) and regional 

variability.   

When conflicts escalate, exhibiting a tipping dynamic, they can in turn impact the Earth system, either directly as warfare itself 

is producing excessive GHG emissions and destroying vital ecosystems such as forests, as is for instance currently the case of 190 

Russia’s war in Ukraine (de Klerk et al., 2022). But even beyond involvement in war activities, everyday military operations 

directly generate vast emissions of GHGs (Kester & Sovacool 2017, Crawford 2019). The feedback impact of conflicts on the 

Earth System can also occur indirectly through impeding humanity’s ability to collaborate to find solutions to global challenges 

such as climate change. Within societies entangled in a conflict, resources are diverted to winning the conflict rather than to 

mitigate climate change, also affecting a country's environmental governance mechanisms. 195 

2.5 Financial Destabilisation 

The impacts of Earth system destabilisation on the financial sector are now receiving increasing attention, with studies 

suggesting that climate-related damages will impact the stability of the global banking system significantly (Lamperti et al., 

2019). For instance, stocks of capital at risk due to climate-induced extreme weather events such as floods, would adversely 

affect insurance companies (Lamperti et al., 2019). Reinsurance companies are withdrawing increasingly from areas, exposed 200 

to high climate change risks, e.g., areas vulnerable to wildfires and floods (Frank, 2023). Earth system destabilisation is likely 

to result in stranded assets (Caldecott et al., 2021). Escalating climate change can also destroy the capital of firms, reduce their 

profitability, deteriorate their liquidity, reduce the productivity of their workforce, leading to a higher rate of default, harming 

the financial sector (Dafermos et al., 2018). One issue with the existing empirical evidence and models that try to estimate 

climate damage for the financial sector is however that they do not account for Earth System tipping points (Keen et al., 2022). 205 
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The inability to repay obligations generates non-performing loans (or bad debt) in the balance sheets of banks and other 

financial institutions, with possible systemic implications such as those experienced during the 2008 global financial crisis. It 

is predicted that climate change will increase the frequency of banking crises by 26% to 248% depending on the extent of 

climate change (Lamperti et al., 2019). If the banks’ equity deterioration due to economic imbalances reaches a certain 

threshold, secondary systemic effects are triggered. Financial institutions exposed to troubled banks would suffer losses in the 210 

market value of their assets, potentially triggering contagion phenomena (Kiyotaki & Moore, 2002; Yan, Woodard & Sornette, 

2010; Roukny et al., 2013; Chinazzi & Fagiolo, 2015). These contagion phenomena can result in a financial tipping point 

being reached, when contagion becomes self-perpetuating due to feedback loops in the system that amplify the initial shocks 

(Haldane & May, 2011; May et al., 2008, Gai & Kapadia, 2010). If Earth system tipping points are triggered, destroying assets 

and the economic productivity of whole regions, we can expect rapid non-linear tipping point effects in the coupled financial 215 

sector (Battiston et al., 2017). The financial and economic system would eventually settle into a new stable phase, although 

this phase may be characterized by recession, high unemployment, austerity, and other deteriorating economic conditions. The 

consequences of such a financial crisis are often a rapid increase in social instability (i.e., interaction with anomie), increase 

in radicalisation (i.e., interaction with radicalisation) as more people are forced to compete for basic needs, and conflict (i.e., 

interaction with conflict). 220 

3 Cascading Negative Social Tipping Dynamics 

The basis for many tipping point behaviours in social-ecological systems is a non-linear relationship between critical pairs of 

variables. Non-linearities create disproportionate relationships between cause and effect, potentially leading to change that is 

faster, more intense, or more extensive than expected (and hence, harder to reverse or control). Cascades are more likely when 

multiple variables within a given system exhibit non-linear relationships to each other. Crossing multiple negative tipping 225 

points in diverse systems increases the likelihood of (partial or localised) societal collapse. Below we give examples of 

cascades that have been identified in the literature. 

Understanding the relationship between climate change, migration, and conflict has gained prominence in research as climate 

change is projected to increase both internal and external migration patterns dramatically in the coming years. The potential 

for tipping points in the Earth system poses additional uncertainty and risks that could alter and potentially exacerbate the 230 

dynamics between environmental conditions, food insecurity, migration, and conflict. Climate-induced migration is usually 

temporary (Black et al., 2011), but can be either short-term (seasonal and circular) or long-term (life cycle) (Brzoska & 

Fröhlich, 2016), and may be intra-rural, rural-urban, urban-rural, or international in nature. Therefore, defining a tipping point 

in a socioecological context is crucial. This is most frequently defined as a form of ‘social change whereby a small change can 

shift a sensitive social system into a qualitatively different state due to strongly self-amplifying feedback mechanisms’ 235 

(Winkelmann et al., 2022).  

Cascades, as defined by Klose et al. (2021), are sequential occurrences of events in which an initial event triggers a series of 

subsequent events and are one important attribute of systemic risk (Sillmann et al., 2022). In the context of migration, this can 

manifest as a domino effect, where an environmental or socio-political event causes displacement (involuntary) or voluntary 

migration as people search for improved living conditions and better economic opportunities. This is well documented in the 240 

Lake Chad Basin case where climate change and unsustainable resource management affect the sustainability of natural 

resources, increasing vulnerability and leading to coping strategies such as migration (McLeman et al., 2021).  

A possible tipping cascade can be identified between climate change, food insecurity, migration and conflicts. The last five 

years have seen an unprecedented increase in food insecurity, representing a problematic reversal of the progress done since 
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the 1990s to reduce world hunger (FAO et al., 2022). This trend is largely attributable to intensifying conflicts, the effects of 245 

the COVID-19 pandemic, and more extreme weather events driven by climate change. Climate tipping points could 

dramatically impact food security through direct impacts on production (availability) and indirect impacts on access to food 

when displacement occurs. One of the most direct ways in which tipping points can affect food insecurity is through changes 

in rainfall distribution which would render agricultural livelihoods in rainfed regions unfeasible without irrigation (or other) 

technologies (Giannini et al., 2017; Benton et al., 2017). Food security can change seasonally. As such, food security does not 250 

exhibit traditional bifurcation in the sense of irreversibility. However, a permanent change towards a state of food insecurity 

would be catastrophic, representing a permanent food crisis. Krishnamurthy et al. (2022) offer a framework to identify 

“transitions” as prolonged periods of food insecurity (Figure 3), using the Integrated Food Security Phase Classification (IPC), 

the leading global metric for standardized food security assessment, which combines data on agricultural production, food 

prices, nutrition rates, weather patterns, and other variables to determine the general food security situation in a given location. 255 

With these metrics, a tipping point in a food system can be thought of as a shift between periods with minimal food insecurity 

(IPC 1 or 2) to periods of sustained food crisis (IPC 3 or higher). An example of a potential tipping point using the IPC 

categories was found in East Africa after the 2015/2016 El Niño episode. Usually, El Niño events yield extended autumn rains 

in East Africa, which is beneficial for livestock grazing (Korecha & Barnston, 2007). This was not the case for the 2015/2016 

event, which saw anomalously low rainfall in both the summer and autumn. This trend, combined with insufficient drought 260 

preparedness, resulted in crop failures and livestock mortality–and consequently a depletion of livelihood assets, food stocks, 

and overall food security in northern and eastern regions of Ethiopia (Figure 3).  

[FIGURE 3 HERE] 

The links between food insecurity and migration are complex, severe food insecurity has been found to trap people locally, 

who wish to migrate, but are unable to (Sadiddin et al., 2019) but there is also evidence that migration can be driven by food 265 

insecurity (Smith & Wesselbaum, 2022). Migration flows are also impacted by climate change directly (i.e., the local 

environment becomes unsuitable for favourable habitation) and indirectly (i.e., by impacting relative wages through effects on 

farmers’ crop yields). A climate disaster, for instance triggered by a climate tipping point being breached, may also lead to 

sudden displacement, whether temporary or permanent. Conflicts finally may arise because of competition over dwindling 

resources both in areas of destination, where newly arrived migrants may clash with host communities or face sustained 270 

marginalisation, and in areas of origin among ‘trapped’ populations unable to migrate outwards (Huber et al., 2023). To 

summarise, a cascading dynamic plays out when various tipping points become coupled, for instance, when the tipping in an 

Earth system, triggers the tipping in food insecurity and potentially simultaneously a tipping in displacement, with both 

contributing to a conflict tipping, which in turn may reinforce food insecurity.  

4 Emerging research questions and intervention options 275 

4.1 Methods and models and emerging data questions 

Various methods and approaches have been suggested for the study of tipping processes in social and socio-ecological systems, 

which can be used to study negative social tipping points and the cascading interactions between them. In Table 1 we discuss 

the most prevalent methods and some new emerging approaches.  

[TABLE 1 HERE] 280 

Further emerging data questions include:  
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● What are the most relevant and appropriate datasets for early warning of negative social tipping points? Social tipping 

points are more complex than physical tipping points due to the interacting relationships between climate parameters 

and social responses. Given this complexity, there is a need to identify relevant data sources and methods that can be 

used to detect and anticipate tipping points. Recent advances in machine learning and increasing digital social data 285 

all offer an unprecedented opportunity to understand early warning signals for social tipping points. Once datasets 

are identified, ensuring that these are accessible and usable for analysis is highly important. Moving forward, it will 

be important to consider sharing platforms to ensure access. 

● What are the characteristics of datasets that can render them more (or less) useful for detecting social tipping points? 

A key, practical question for tipping point analysis is whether there are specific characteristics that make datasets 290 

more appropriate for detection of critical transitions. Early warning of tipping points ultimately depends on reliable, 

high-frequency data (Scheffer et al. 2009, Dakos et al. 2015). For example, in an analysis of data requirements for 

early warning of food security tipping points, Krishnamurthy et al. (2020) highlighted the importance of temporal 

resolution over spatial resolution to detect autocorrelation or flickering in coupled climate-food systems. However, 

research has shown that even limited datasets such as SMAP soil moisture can provide game-changing opportunities 295 

for detecting food security transitions (Krishnamurthy et al., 2022). 

● Which early warning signals are more meaningful for different applications? Identifying the most useful metrics and 

statistics for early warnings of tipping points translates to actionable information, but it requires a clear understanding 

of underlying system functioning and mechanisms. For instance, in food security applications, autocorrelation is the 

key metric used to detect a transition in food security states, with the rolling average statistic indicating the direction 300 

of the transition (Krishnamurthy et al., 2022). Such insights can help leverage resources in a timely fashion to avert 

negative effects associated with social systems that exhibit tipping points.  

● Moreover, probabilistic insights from research on collective social dynamics may complement insights from new 

early warning signals for social tipping. These approaches identify measurable qualities of social systems or networks, 

such as heterogeneity, connectivity and individual-based thresholds that make social tipping points more likely 305 

(Bentley et al., 2014). For maximum efficacy, these modelling efforts should derive from both qualitative and 

quantitative methods so as to benefit from both data and lived experience. 

4.2 Intervention options and emerging policy questions 

Given that negative social tipping points are under-researched, there is little knowledge on how they can be prevented or 

managed. As noted for instance by Milkoreit (2023), social tipping point governance has not really been developed. In Table 310 

2 we nevertheless provide a preliminary overview of potential intervention options, linked to the discussed negative (social) 

tipping points and their main potential interactions. Future research needs to focus on identifying other potential intervention 

options and tying these together into a coherent tipping points governance framework. Ultimately, effective governance 

negative social tipping points will hinge upon the understanding of collective social dynamics and proactive resource-based 

interventions. 315 

[TABLE 2 HERE] 

Further emerging policy questions include:  

● How do multiple climate extremes and other shock and stressors combine, especially as slow onset climate change 

processes occur to drive systemic changes and tipping points? Evidence provided here, suggests that severe climate 

events, such as droughts and hurricanes, can result in highly complex social change, including negative social tipping 320 

points. Additional research is required to understand if and how climate and social tipping points interact, and whether 

one tipping point can result in a plethora of other transitions. 
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● As critical transitions unfold, how does the risk landscape shift in response? Societies respond to environmental stress 

and resource scarcities. However, these responses may lead to new risks. Understanding how critical transitions affect 

the current (and future) risk landscape can provide essential information for decision-makers to prioritize investments 325 

in adaptation and mitigation. 

● What are the processes required to integrate research into policy making? There is growing research on early warning 

signals for tipping points. However, once suitable datasets and early warning diagnostics are identified, what are the 

enabling processes and steps required to integrate actionable early warning systems into decision-making? New data 

analytics, dashboards and communications material may go a long way towards facilitating the transition to early 330 

warning systems of tipping points that can translate into action. 

5 Conclusion 

We mapped selected key potential negative social tipping points and their potential cascading interactions. We have also briefly 

discussed potential intervention options and provided examples of methods and models that need to be advanced in the future. 

We do not claim to have captured all possible social negative tipping points in the context of Earth system destabilisation, and 335 

we acknowledge that other social subsystems could experience negative tipping points as well, e.g. breakdown of (certain) 

global supply chains (Marcucci et al., 2022), or breakdown of the public health system (at least in certain areas) triggered for 

instance by a massive freak heat event or the breakout of a disease due to climate change (Skinner et al., 2023). Our goal is to 

highlight that if societies fail to stabilise the Earth system through decarbonisation, land use reallocation and other measures, 

societies will not merely stay in the business-as usual state. Through mechanisms of negative social tipping accompanying 340 

further Earth system destabilisation, they instead risk transitioning into a new social system state, which may be characterised 

by greater impoverishment, authoritarianism, hostility, discord, violence and alienation. Societies at greater risk of climate 

change impact are likely to experience such negative social tipping sooner, but this will inevitably have knock-on effects 

globally.  

The acceleration of climate tipping points perpetuates a vicious cycle that weakens societies and their abilities to respond 345 

further, feeding further Earth system destabilisation, this vicious cycle is also fed by widening socioeconomic inequalities 

(Millward-Hopkins, 2022). As the consequences of climate change intensify, societal trust, cooperation, and altruism may 

erode due to increased competition for scarce resources, displacement of populations, and other climate-related challenges. Our 

knowledge on negative social tipping points is still very patchy and fragmented, with many estimations and models, likely to 

be underestimating the effects of breaching Earth system tipping points. This is particularly true for economic and financial 350 

sector models. Researchers (Keen et al., 2022) are advocating for developing future loss calculations in close collaboration 

with climate scientists to ensure adequate representation of climate catastrophes. 

 

 

Competing interests 355 

At least one of the (co-)authors is a member of the editorial board of Earth System Dynamics. 

References 

Abrahams, D.: Conflict in Abundance and Peacebuilding in Scarcity: Challenges and Opportunities in Addressing Climate 

Change and Conflict. World Dev, 132, 104998. https://doi.org/10.1016/j.worlddev.2020.104998, 2020. 

 360 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



10 

 

Abrutyn, S.: Toward a General Theory of Anomie The Social Psychology of Disintegration, Arch. eur. sociol, 60, 109-136, 

https://doi.org/10.1017/S0003975619000043, 2019.  

 

Agius, C. Bergman Rosamond, A. and Kinnvall, C.: Populism, Ontological Insecurity and Gendered Nationalism: 

Masculinity, Climate Denial and Covid-19, Polit. Relig. Ideol, 21, 432-450, 365 

https://doi.org/10.1080/21567689.2020.1851871, 2020. 

 

Aïmeur, E., Amri, S. and Brassard, G.: Fake news, disinformation and misinformation in social media: a review, Soc. Netw. 

Anal. Min, 13, 30, https://doi.org/10.1007/s13278-023-01028-5, 2023. 

 370 

Alexander, M., Forastiere, L., Gupta, S. and Christakis, N.A.: Algorithms for seeding social networks can enhance the 

adoption of a public health intervention in urban India, PNAS, 119, e2120742119, https://doi.org/10.1073/pnas.2120742119, 

2022.  

 

Andreoni, J., Nikiforakis, N. and Siegenthaler, S..: Predicting social tipping and norm change in controlled experiments. 375 

PNAS, 118, e201489311, https://doi.org/10.1073/pnas.2014893118, 2021. 

 

Armstrong McKay, D. I., Staal, A., Abrams, J. F., Winkelmann, R., Sakschewski, B., Loriani, S., Fetzer, I., Cornell, S.E., 

Rockström, J. and Lenton, T. M.: Exceeding 1.5 C global warming could trigger multiple climate tipping points. Science, 

377, eabn7950, https://doi.org/10.1126/science.abn7950, 2022. 380 

 

Aquino, G., Guo, W. and Wilson A.: Nonlinear Dynamic Models of Conflict via Multiplexed Interaction Networks, preprint 

on arXiV, https://doi.org/10.48550/arXiv.1909.12457, 2019.  

 

Atwoli, L., Muhia, J. and Merali, Z.: Mental health and climate change in Africa, BJPsych Int, 19. 86-89, 385 

https://doi.org/10.1192/bji.2022.14, 2022.  

 

van Baalen, S., Mobjörk, M.: Climate Change and Violent Conflict in East Africa: Integrating Qualitative and Quantitative 

Research to Probe the Mechanisms, Int. Stud. Rev, 20, 547–575. https://doi.org/10.1093/isr/vix043, 2017. 

 390 

Baele, S.  Brace, L. and Ging, D.: A Diachronic Cross-Platforms Analysis of Violent Extremist Language in the Incel Online 

Ecosystem, Terror. Political Violence,  https://doi.org/10.1080/09546553.2022.2161373, 2023. 

 

Battiston, S., Mandel, A., Monasterolo, I., Schütze, F. and Visentin, G.: A climate stress-test of the financial system, Nature 

Clim Change, 7, 283–288, https://doi.org/10.1038/nclimate3255, 2017. 395 

 

Becken, S., Friedl, H., Stantic, B., Connolly, R.M. and Chen, J.: Climate crisis and flying: social media analysis traces the ris 

of “flightsame”. J. Sustain. Tour, 29, 1450-1469. https://doi.org/10.1080/09669582.2020.1851699, 2021. 

 

BenDor, T., and Scheffran, J.: Agent-Based Modeling of Environmental Conflict and Cooperation, CRC Press, 400 

https://doi.org/10.1201/9781351106252, 2019. 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



11 

 

Benso, M. R., Gesualdo, G. C., Silva, R. F., Silva, G. J., Castillo Rápalo, L. M., Navarro, F. A. R., Marques, P. A. A., 

Marengo, J. A., and Mendiondo, E. M.: Review article: Design and evaluation of weather index insurance for multi-hazard 

resilience and food insecurity, Nat. Hazards Earth Syst. Sci, 23, 1335–1354, https://doi.org/10.5194/nhess-23-1335-2023, 405 

2023. 

 

Bentley, R.A., Maddison, E.J., Ranner, P.H., Bissell, J., Caiado, C.C., Bhatanacharoen, P., Clark, T., Botha, M., Akinbami, 

F., Hollow, M. and Michie, R.: Social tipping points and Earth systems dynamics, Front. Environ. Sci, 2, 35, 

https://doi.org/10.3389/fenvs.2014.00035, 2014. 410 

 

Benton, T., Fairweather, D., Graves, A., Harris, J., Jones, A., Lenton, T., Norman, R., O'Riordan, T., Pope, E. and Tiffin, R.: 

Environmental tipping points and food system dynamics: Main Report, The Global Food Security Programme, 

https://www.foodsecurity.ac.uk/publications/environmental-tipping-points-food-system-dynamics-executive-summary.pdf, 

2017. 415 

 

Berberian, A.G., Gonzalez, D.J.X. and Cushing, L.J.: Racial Disparities in Climate Change-Related Health Effects in the 

United States, Curr. Envir. Health. Rpt, 9, 451–464, https://doi.org/10.1007/s40572-022-00360-w, 2022. 

 

Birkmann, J., Liwenga, E., Pandey, R., Boyd, E., Djalante, R., Gemenne, F., Filho, W.L., Pinho, P.F., Stringer, L. and 420 

Wrathall, D.: Poverty, Livelihoods, and Sustainable Development, in: Climate Change 2022: Impacts, Adaptation and 

Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate 

Change, edited by Pörtner, H.-O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K., Alegría, A., Craig, M., 

Langsdorf, S., Löschke, S., Möller, V., Okem, A., Rama, B., Cambridge University Press, 1171–1274, 

https://doi.org/10.1017/9781009325844.010, 2022. 425 

 

Black, R., Bennett, S.R., Thomas, S.M. and Beddington, J.R.: Migration as adaptation. Nature, 478, 447-449, 

https://doi.org/10.1038/478477a, 2011. 

 

Brown, A.R.: Environmental anomie and the disruption of physical norms during disaster, Current Sociology, 430 

https://doi.org/10.1177/00113921221129316, 2022.  

 

Bruun, J., Allen, J.I. and Smyth, T.J.: Heartbeat of the Southern Oscillation explains ENSO climatic resonances. JGR 

Oceans, 122, 6746-6772, https://doi.org/10.1002/2017JC012892, 2017.  

 435 

Brzoska, M. and Fröhlich, C.: Climate change, migration and violent conflict: vulnerabilities, pathways and adaptation 

strategies, Migration and Development, 5, 190-210, https://doi.org/10.1080/21632324.2015.1022973, 2016. 

 

Buhaug, H.: Climate not to blame for African civil wars. PNAS, 107, 16477–16482, 

https://doi.org/10.1073/pnas.1005739107, 2010. 440 

 

Buhaug, H., Nordkvelle, J., Bernauer, T., Böhmelt, T., Brzoska, M., Busby, J. W., Ciccone, A., Fjelde, H., Gartzke, E., 

Gleditsch, N. P., Goldstone, J. A., Hegre, H., Holtermann, H., Koubi, V., Link, J. S. A., Link, P. M., Lujala, P., O′Loughlin, 

J., Raleigh, C., … and von Uexkull, N.: One effect to rule them all? A comment on climate and conflict. Clim, Change, 127, 

391–397, https://doi.org/10.1007/s10584-014-1266-1, 2014. 445 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



12 

 

 

Burke, M. B., Miguel, E., Satyanath, S., Dykema, J. A., and Lobell, D. B.: Warming increases the risk of civil war in Africa, 

PNAS, 106, 20670–20674, https://doi.org/10.1073/pnas.0907998106, 2009. 

 

Bury, T.M., Sujith, R.I., Pavithran, I. and Bauch, C.T.: Deep learning for early warning signals of tipping points, PNAS, 118, 450 

e2106140118, https://doi.org/10.1073/pnas.2106140118, 2021.  

 

Busching, R. and Krahé, B.: The Contagious Effect of Deviant Behavior in Adolescence: A Longitudinal Multilevel Study, 

Soc. Psychol. Pers. Sci, 9, 815-824, https://doi.org/10.1177/1948550617725151, 2018.  

 455 

Caldecott, B., Clark, A., Koskelo, K., Mulholland, E. and Hickey, C.: Stranded Assets: Environmental Drivers, Societal 

Challenges, and Supervisory Responses, Annu. Rev. Environ. Resour, 46, 417-447, https://doi.org/10.1146/annurev-environ-

012220-101430, 2021. 

 

Carleton, T.A.: Crop-damaging temperatures increase suicide rates in India, PNAS, 114, 8746-8751, 460 

https://doi.org/10.1073/pnas.1701354114, 2017 

 

Centola, D., Becker, J., Brackbill, D. and Baronchelli, A.: Experimental evidence for tipping points in social conventions, 

Science, 360, 1116-1119,  https://doi.org/10.1126/science.aas8827, 2018. 

 465 

Chinazzi, M. and Fagiolo, G.: Chinazzi, M. and Fagiolo, G.: In Banking Integration and Financial Crisis: Some Recent 

Developments, in: Banking Integration and Financial Crisis: Some Recent Developments, edited by Fernández, I. A. and 

Tortosa, E., Fundación BBVA, 115-157, ISBN 9788492937608, 2015. 

 

Clayton, S., Manning, C. M., Krygsman, K., & Speiser, M.: Mental Health and Our Changing Climate: Impacts, 470 

Implications, and Guidance, American Psychological Association and ecoAmerica, 

https://www.apa.org/news/press/releases/2017/03/mental-health-climate.pdf, 2017. 

 

Constantino, S. M., Sparkman, G., Kraft-Todd, G. T., Bicchieri, C., Centola, D., Shell-Duncan, B., Vogt, S., and Weber, E. 

U.: Scaling Up Change: A Critical Review and Practical Guide to Harnessing Social Norms for Climate Action. Psychol. 475 

Sci. Public Interest, 23, 50–97, https://doi.org/10.1177/15291006221105279, 2022. 

 

Crawford N.: Pentagon fuel use: climate change and the costs of war, Watson Institute International & Public Affairs, Brown 

University, https://watson.brown.edu/costsofwar/papers/ClimateChangeandCostofWar, 2019. 

 480 

Dafermos, Y., Nikolaidi, M. and Galanis, G.: Climate change, financial stability and monetary policy, Ecol. Econ, 152, 219-

234, https://doi.org/10.1016/j.ecolecon.2018.05.011, 2018. 

 

Daggett, C.: Petro-masculinity: Fossil fuels and authoritarian desire. Millennium, 47, 25-

44, https://doi.org/10.1177/0305829818775817, 2018. 485 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



13 

 

Dakos, V., Carpenter, S.R., van Nes, E.H. and Scheffer, M.: Resilience indicators: prospects and limitations for early 

warnings of regime shifts, Philos. Trans. R. Soc. B: Biol. Sci, 370, 20130263, https://doi.org/10.1098%2Frstb.2013.0263, 

2015. 

 490 

Daoudy, M.: Rethinking the Climate–Conflict Nexus: A Human–Environmental–Climate Security Approach, 

Glob. Environ. Politics, 1–22, https://doi.org/10.1162/glep_a_00609, 2021. 

 

Daoudy, M., Sowers, J., & Weinthal, E.: What is climate security? Framing risks around water, food, and migration in the 

Middle East and North Africa. WIREs Water. https://doi.org/10.1002/wat2.1582, 2022. 495 

 

Darian-Smith, E.: Entangled Futures: Big Oil, Political Will, and the Global Environmental Movement, Perspect. Glob. Dev, 

21, 403-425, https://doi.org/10.1163/15691497-12341640, 2023. 

 

Denton, F: Climate change vulnerability, impacts, and adaptation: Why does gender matter?, Gend. Dev, 10, 10-20, 500 

https://doi.org/10.1080/13552070215903, 2002. 

 

Devaney, L., Torney, D., Brereton, P. and Coleman, M.: Ireland’s citizens’ assembly on climate change: Lessons for 

deliberative public engagement and communication, Environ. Commun, 14, 141-146, 

https://doi.org/10.1080/17524032.2019.1708429, 2020. 505 

 

Dodds, P. S., and Watts, D. J.: Universal behavior in a generalized model of contagion, Phys. Rev. Lett, 92, 218701, 

https://doi.org/10.1103/PhysRevLett.92.218701, 2004. 

 

Donaghy, T.Q., Healy, N., Jiang, C.Y. and Battle, C.P.: Fossil fuel racism in the United States: How phasing out coal, oil, 510 

and gas can protect communities, Energy Res. Soc. Sci, 100, 103104, https://doi.org/10.1016/j.erss.2023.103104, 2023. 

 

Durkheim, E.: De La Division du Travail Social, Presse Universitaires de France, 1893.  

 

Durkheim, E.: Le Suicide. Étude de sociologie, F. Alcan, 1897.  515 

 

Ehret, S., Constantino, S. M., Weber, E. U., Efferson, C., and Vogt, S.: Group identities can undermine social tipping after 

intervention. Nat. Hum. Behav, 6, 1669–1679, https://doi.org/10.1038/s41562-022-01440-5, 2022. 

 

Ekberg, K., Forchtner, B., Hultman, M. and Julhä, K.: Climate Obstruction. How Denial, Delay and Inaction are Heating the 520 

Planet, Routledge, https://doi.org/10.4324/9781003181132, 2023. 

 

FAO, IFAD, UNICEF, WFP and WHO: The State of Food Security and Nutrition in the World 2022. Repurposing food and 

agricultural policies to make healthy diets more affordable. Rome, FAO. https://doi.org/10.4060/cc0639en, 2022.  

 525 

Feigenbaum, M.J.: Universal Behaviour in Nonlinear Systems, in: Universality in Chaos, 2nd ed., edited by Cvitanović, P., 

Taylor & Francis Group, ISBN 100852742606, 1980. 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



14 

 

Fehr, E., Fischbacher, U. and Gächter, S.: Strong reciprocity, human cooperation, and the enforcement of social norms. 

Hum. Nat 13, 1–25, https://doi.org/10.1007/s12110-002-1012-7, 2002. 530 

 

Ferrara, E.: Contagion dynamics of extremist propaganda in social networks. Inf. Sci, 418-419, 1-12,  

https://doi.org/10.1016/j.ins.2017.07.030, 2017.  

 

Ferreira, M.A.M., Leite, Y.L.R., Junior, C.C., Vicente, C.R.: Impact of climate change on public health in Brazil, Public 535 

Health Challenges, 2, e62, https://doi.org/10.1002/puh2.62, 2023.  

 

Ferris, E. and Weerasinghe, S.: Promoting human security: Planned relocation as a protection tool in a time of climate 

change, JMHS, 8, 134-149, https://doi.org/10.1177/2331502420909305, 2020. 

 540 

Filatova, T., Verburg, P.H., Parker, D.C. and Stannard, C.A.: Spatial agent-based models for socio-ecological systems: 

Challenges and prospects, Environ. Model. Softw, 45, 1-7, https://doi.org/10.1016/j.envsoft.2013.03.017, 2013. 

 

Fink, C., Schmidt, A., Barash, V., Kelly, J., Cameron, C., and Macy, M.: Investigating the Observability of Complex 

Contagion in Empirical Social Networks. Proceedings of the International AAAI Conference on Web and Social Media, 10, 545 

121-130, https://doi.org/10.1609/icwsm.v10i1.14751, 2021. 

 

Flache, A., Mäs, M., Feliciani, T., Chattoe-Brown, E., Deffuant, G., Huet, S. and Lorenz, J.: Models of social influence: 

Towards the next frontiers. JASSS, 20, https://doi.org/10.18564/jasss.3521, 2017. 

 550 

Flores, A., Cole, J.C., Dickert, S., Eom, K., Jiga-Boy, G.M., Kogut, T., Loria, R., Mayorga, M., Pedersen, E.J., Pereira, B. 

and Rubaltelli, E.: Politicians polarize and experts depolarize public support for COVID-19 management policies across 

countries. PNAS, 119, e2117543119, https://doi.org/10.1073/pnas.2117543119, 2022. 

 

Frank, T.: Climate Change Is Destabilizing Insurance Industry. Scientific American, E&E News, 555 

https://www.scientificamerican.com/article/climate-change-is-destabilizing-insurance-industry/, 2023. 

 

Franzke, C.L.E., Ciullo, A., Gilmore, E.A., Matias, D.M., Nagabhatla, N., Orlov, A., Paterson, S.K., Scheffran, J.,  Sillmann, 

J.: Perspectives on tipping points in integrated models of the natural and human Earth system: cascading effects and 

telecoupling, Environ. Res. Lett, 17, 15004, https://doi.org/10.1088/1748-9326/ac42fd, 2022. 560 

 

Fritsche, I., Cohrs, J.C., Kessler, T. and Bauer, J.: Global warming is breeding social conflict: The subtle impact of climate 

change threat on authoritarian tendencies. J. Environ. Psychol, 32, 1-10, https://doi.org/10.1016/j.jenvp.2011.10.002, 2012. 

 

Gadarian, S.K.: The Politics of Threat: How Terrorism News Shapes Foreign Policy Attitudes. J. Politics, 72, 469-483, 565 

https://doi.org/10.1017/S0022381609990910, 2010. 

 

Gai, P. and Kapadia, S.: Contagion in Financial Networks. Bank of England Working Paper No. 383, 

https://dx.doi.org/10.2139/ssrn.1577043, 2010.  

 570 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



15 

 

Gaikwad, M., Ahirrao S., Kotecha, K. and Abraham, A.: Multi-Ideology Multi-Class Extremism Classification Using Deep 

Learning Techniques. IEEE Access, 10, 104829-104843, https://doi.org/10.1109/ACCESS.2022.3205744, 2022. 

 

Ge, Q., Hao, M., Ding, F., Jiang, D., Scheffran, J., Helman, D. and Ide, T.: Modelling armed conflict risk under climate 

change with machine learning and time-series data. Nat. Commun, 13, 2839, https://doi.org/10.1038/s41467-022-30356-x, 575 

2022. 

 

Giannini, A., Krishnamurthy, P.K., Cousin, R., Labidi, N. and Choularton, R.J.: Climate risk and food security in Mali: A 

historical perspective on adaptation, Earth's Future, 5, 144-157, https://doi.org/10.1002/2016EF000404, 2017. 

 580 

Goldberg, R.F. and Vandenberg, L.N.: Distract, delay, disrupt: examples of manufactured doubt from five industries, 

Rev. Environ. Health, 34, 349-363, https://doi.org/10.1515/reveh-2019-0004, 2019. 

 

Grimm, S. and Schneider, G.: Predicting Social Tipping Points. Current Research and the way forward. Discussion Paper, 

German Development Institute, https://www.idos-research.de/en/discussion-paper/article/predicting-social-tipping-points-585 

current-research-and-the-way-forward/, 2011. 

 

Groundstroem, F. & Juhola, S.: Using systems thinking and causal loop diagrams to identify cascading climate change 

impacts on bioenergy supply systems. Mitig. Adapt. Strateg. Glob. Change, 26, https://doi.org/10.1007/s11027-021-09967-0, 

2021. 590 

 

Guilbeault, D., Becker, J., and Centola, D.: Complex Contagions: A Decade in Review, in: Complex Spreading Phenomena 

in Social Systems, edited by: Lehmann, S. and Ahn, Y., Springer Nature, 3-25, https://doi.org/10.1007/978-3-319-77332-2, 

2018.  

 595 

Guilbeault, D., and Centola, D.: Topological measures for identifying and predicting the spread of complex contagions. Nat. 

Commun, 12, 4430, https://doi.org/10.1038/s41467-021-24704-6, 2021. 

 

Guo, W., Gleditsch, K. and Wilson, A.: Retool AI to Forecast and Limit Wars, Nature, 562, 331-333, 

https://doi.org/10.1038/d41586-018-07026-4, 2018.  600 

 

Guo, W., Sun, S. and Wilson, A.: Exploring Potential Causal Models for Climate-Society-Conflict Interaction, Proceedings 

of the 8th International Conference on Complexity, Future Information Systems and Risk – COMPLEXIS, 69-76, 

https://doi.org/10.5220/0011968400003485, 2023. 

 605 

Haldane, A. and May, R.: Systemic risk in banking ecosystems, Nature, 469, 351–355, https://doi.org/10.1038/nature09659, 

2011. 

 

Hamideh, S., Sen, P. and Fischer, E.: Wildfire impacts on education and healthcare: Paradise, California, after the Camp 

Fire, Nat Hazards, 111, 353-387, https://doi.org/10.1007/s11069-021-05057-1, 2022.  610 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



16 

 

Hangartner, D., Gennaro, G., Alasiri, S., Bahrich, N., Bornhoft, A., Boucher, J., Demirci, B.B., Derksen, L., Hall, A., 

Jochum, M. and Munoz, M.M.: Empathy-based counterspeech can reduce racist hate speech in a social media field 

experiment. PNAS, 118, e2116310118, https://doi.org/10.1073/pnas.2116310118, 2021. 

 615 

Haraldsson, H.V.: Introduction to System Thinking and Causal Loop Diagrams, Lund University, Reports in Ecology and 

Environmental Engineering, 2004.  

 

Hauer, M.E., Fussell, E., Mueller, V., Burkett, M., Call, M., Abel, K., McLeman, R. and Wrathall, D.: Sea-level rise and 

human migration, Nat. Rev. Earth Environ, 1, 28–39, https://doi.org/10.1038/s43017-019-0002-9, 2020. 620 

 

Hawkins, R.L. and Maurer, K.: ‘You fix my community, you have fixed my life’: the disruption and rebuilding of 

ontological security in New Orleans, Disasters, 35, 143-159, https://doi.org/10.1111/j.1467-7717.2010.01197.x, 2011. 

 

Hetherington, M.J. and Suhay, E.: Authoritarianism, Threat, and Americans' Support for the War on Terror, Am. J. Pol. Sci, 625 

55, 546-560, https://doi.org/10.1111/j.1540-5907.2011.00514.x, 2011. 

 

Hickman, C., Marks, E., Pihkala, P., Clayton, S., Lewandowski, R.E., Mayall, E.E., Wray, B., Mellor, C. and Van Susteren, 

L.: Climate anxiety in children and young people and their beliefs about government responses to climate change: a global 

survey, Lancet Planet. Health, 5, e863-e873, https://doi.org/10.1016/S2542-5196(21)00278-3, 2021.  630 

 

Hirsch, M.W., Smale, S. and Devaney, R.L.: Differential Equations, Dynamical Systems, and an Introduction to Chaos, 3rd 

Edition, Elsevier, https://doi.org/10.1016/C2009-0-61160-0, 2012.  

 

Hobson, E.A.: Social tipping points in animal societies, Proc. Royal Soc. B P ROY SOC B-BIOL SCI, 285, 20181282, 635 

http://dx.doi.org/10.1098/rspb.2018.1282, 2018. 

 

Huber, J., Madurga-Lopez, I., Murray, U., McKeown, P., Pacillo, G., Laderach, P. and Spillane, C.:. Climate-related 

migration and the climate-security-migration nexus in the Central American Dry Corridor, Clim. Change 176, 79, 

https://doi.org/10.1007/s10584-023-03549-6, 2023. 640 

 

Huddy, L. and Feldmann, S.: Americans respond politically to 9/11: Understanding the impact of the terrorist attacks and 

their aftermath, Am. Psychol, 66, 455-467, https://doi.org/10.1037/a0024894, 2011. 

 

Huggel, C., Bouwer, L.M., Juhola, S., Mechler, R., Muccione, V., Orlove, B. and Wallimann-Helmer, I.: The existential risk 645 

space of climate change, Clim. Change, 174, 8,  

https://doi.org/10.1007/s10584-022-03430-y, 2022. 

 

Ide, T., Johnson, M.F., Barnett, J., Krampe, F., Le Billon, P., Maertens, L., von Uexkull, N. and Vélez-Torres, I.: The Future 

of Environmental Peace and Conflict Research, Environ. Politics, https://doi.org/10.1080/09644016.2022.2156174, 2023. 650 

 

International IDEA: The Global State of Democracy 2022. Forging Social Contract in a Time of Discontent, Stockholm, 

https://www.idea.int/democracytracker/sites/default/files/2022-11/the-global-state-of-democracy-2022.pdf, 2022 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



17 

 

IPCC: Climate Change 2022: Impacts, Adaptation, and Vulnerability, Contribution of Working Group II to the Sixth 655 

Assessment Report of the Intergovernmental Panel on Climate Change, https://doi.org/10.1017/97810093258442022, 2022.  

 

Jackson, J.C., van Egmond, M., Choi, V.K., Ember, C.R., Halberstadt, J. Balanovic, J., Basker, I.N., Boehnke, K., Buki, N., 

Fischer, R., Fulop, M., Fulmer, A., Homan, A.C., van Kleef, G.A., Kreemers, L, Schei, V., Szabo, E., Ward, C. and Gelfand, 

M.J.: Ecological and cultural factors underlying the global distribution of prejudice. PLoS ONE, 14, e0221953, 660 

https://doi.org/10.1371/journal.pone.0221953, 2019. 

 

Jermacane, D., Waite, T.D., Beck, C.R., Bone, A., Amlôt, R., Reacher, M., Kovats, S., Armstrong, B., Leonardi, G., James 

Rubin, G. and Oliver, I.: The English National Cohort Study of Flooding and Health: the change in the prevalence of 

psychological morbidity at year two, BMC Public Health, 18, 330, https://doi.org/10.1186/s12889-018-5236-9, 2018.  665 

 

Juhola, S., Filatova, T., Hochrainer-Stigler, S., Mechler, R., Scheffran, J. and Schweizer, P.-J.: Social Tipping Points and 

Adaptation Limits in the Context of Systemic Risk: Concepts, Models and Governance. Frontiers in Climate, 4, 1009234, 

https://doi.org/10.3389/fclim.2022.1009234, 2022. 

 670 

Jylhä, K.M. and Hellmer, K.: Right‐wing populism and climate change denial: The roles of exclusionary and anti‐egalitarian 

preferences, conservative ideology, and antiestablishment attitudes, Anal. Soc. Issues Public Policy, 20, 315-335, 

https://doi.org/10.1111/asap.12203, 2020. 

 

Karsai, M., Iñiguez, G., Kaski, K. and Kertész, J.: Complex contagion process in spreading of online innovation. J. R. 675 

Soc. Interface, 11, 20140694, http://dx.doi.org/10.1098/rsif.2014.0694, 2014. 

 

Kaczan D.J. and Orgill-Meyer J.: The impact of climate change on migration: a synthesis of recent empirical insights, Clim. 

Change, 158, 281–300, https://doi.org/10.1007/s10584-019-02560-0, 2020. 

 680 

Keen, S., Lenton, T.M., Garrett, T.J. and Grasselli, M.: Estimates of economic and environmental damages from tipping 

points cannot be reconciled with the scientific literature. PNAS, 119, e2117308119, 

https://doi.org/10.1073/pnas.2117308119, 2022. 

 

Kelley, C. P., Mohtadi, S., Cane, M. A., Seager, R., and Kushnir, Y.: Climate change in the Fertile Crescent and implications 685 

of the recent Syrian drought, PNAS, 112, 3241–3246. https://doi.org/10.1073/pnas.1421533112, 2015. 

 

Kester, J. and Sovacool, B.K.: Torn between war and peace: Critiquing the use of war to mobilize peaceful climate action, 

Energy Policy, 104, 50-55, https://doi.org/10.1016/j.enpol.2017.01.026, 2017 

 690 

Kimmel, M.: Healing from Hate: How Young Men Get Into - and Out of – Violent Extremism, University of California 

Press, ISBN 0520292634, 2018. 

 

Kiyotaki, N. and Moore, J:. Balance-sheet contagion, Am. Econ. Rev, 92, 46–50, 

https://doi.org/10.1257/000282802320188989, 2002. 695 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



18 

 

Roukny, T., Bersini, H., Pirotte, H., Caldarelli, G. and Battiston, S.: Default cascades in complex networks: topology and 

systemic risk, Sci. Rep, 3, 2759, https://doi.org/10.1038/srep02759, 2013 

 

de Klerk, L., Shmurak, A., Gassan-Zade, O., Shlapak, M., Tomliak, K. and Korthuis, A.: Climate Damage Caused by 700 

Russia’s War in Ukraine, Report, Climatefocus, https://climatefocus.com/wp-

content/uploads/2022/11/ClimateDamageinUkraine.pdf, 2022. 

 

Klose, A. K., Wunderling, N., Winkelmann, R., & Donges, J. F.: What do we mean,‘tipping cascade’?, Environ. Res. Lett, 

16, 125011, https://doi.org/10.1088/1748-9326/ac3955, 2021. 705 

 

Kolmes, S. A.: The Social Feedback Loop, Environment: Science and Policy for Sustainable Development, 50, 57–58. 

https://doi.org/10.3200/ENVT.50.2.57-58, 2008. 

 

Korecha, D. and Barnston, A.G.: Predictability of june–september rainfall in Ethiopia, Mon. Weather Rev, 135, 628-650, 710 

https://doi.org/10.1175/MWR3304.1, 2007. 

 

Koubi, V.: Climate Change and Conflict, Annu. Rev. Polit. Sci, 22, 343–360. https://doi.org/10.1146/annurev-polisci-

050317-070830, 2019. 

 715 

Kousser, T. and Tranter, B.: The influence of political leaders on climate change attitudes. Glob. Environ. Change, 50, 100-

109, https://doi.org/10.1016/j.gloenvcha.2018.03.005, 2018. 

 

Krishnamurthy R.P.K., Fisher, J.B., Schimel, D.S., and Kareiva, P.M.: Applying tipping point theory to remote sensing 

science to improve early warning drought signals for food security, Earth's Future, 8, e2019EF001456, 720 

https://doi.org/10.1029/2019EF001456, 2020 

 

Krishnamurthy R, P.K., Fisher, J.B., Choularton, R.J. and Kareiva, P.M.: Anticipating drought-related food security 

changes, Nat. Sustain, 5, 956–964, https://doi.org/10.1038/s41893-022-00962-0, 2022. 

 725 

Krönke, J., Wunderling, N., Winkelmann, R., Staal, A., Stumpf, B., Tuinenburg, O. A., and Donges, J. F.: Dynamics of 

tipping cascades on complex networks. Phys. Rev. E, 101, 042311, https://doi.org/10.1103/PhysRevE.101.042311, 2020. 

 

Lamperti, F., Bosetti, V., Roventini, A., Tavoni, M.: The public costs of climate-induced financial instability. Nat. Clim. 

Chang, 9, 829–833, https://doi.org/10.1038/s41558-019-0607-5, 2019. 730 

 

Lawrence, E., Thompson, R., Fontana, G. and Jennings, N.: The impact of climate change on mental health and emotional 

wellbeing: current evidence and implications for policy and practice, Graham Institute & Institute for Global Health 

Innovation, 

https://spiral.imperial.ac.uk/bitstream/10044/1/88568/9/3343%20Climate%20change%20and%20mental%20health%20BP3735 

6_v6.pdf, 2021.  

 

Lenton, T.M. Tipping positive change, Philos. Trans. R. Soc. B: Biol. Sci, 375, 20190123, 

http://dx.doi.org/10.1098/rstb.2019.0123, 2020.   

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



19 

 

 740 

Lenton, T.M., Benson, S., Smith, T., Ewer, T., Lanel, V., Petykowski, E., Powell, T.W.R, Abrams, J.F., Blomsma, F. and 

Sharpe, S.: Operationalising positive tipping points towards global sustainability, Glob. Sustain, 5, e1, 

https://doi.org/10.1017/sus.2021.30, 2022.   

 

Lenton, T.M., Held, H., Kriegler, E., Hall, J.W., Lucht, W., Rahmstorf, S. and Schellnhuberg, H.J.: Tipping elements in the 745 

Earth’s climate system, PNAS, 105, https://doi.org/10.1073/pnas.0705414105, 2008. 

 

Lenton, T.M., Xu, C., Abrams, J.F., Ghadiali, A., Loriani, S., Sakschewski, B., Zimm, C., Ebi, K.L., Dunn, R.R., Svenning, 

J.-C. and Scheffer, M.: Quantifying the human cost of global warming, Nat. Sustain,  https://doi.org/10.1038/s41893-023-

01132-6, 2023.  750 

 

Lettinga, N., Jacquet, P.O., André, J.B., Baumand, N. and Chevallier, C..: Environmental adversity is associated with lower 

investment in collective actions, PLoS One, 15, e0236715, https://doi.org/10.1371/journal.pone.0236715, 2020. 

 

Liu, T., Chen, D., Yang, L., Meng, J., Wang, Z., Ludescher, J., Fan, J., Yang, S., Chen, D., Kurths, J., Chen, X., Havlin, S. & 755 

Schellnhuber, H. J.: Teleconnections among tipping elements in the Earth system, Nat. Clim. Chang, 13, 67-74, 

https://doi.org/10.1038/s41558-022-01558-4, 2023. 

 

Mach, K. J., Kraan, C.M., Adger, N.W., Buhaug, H., Burke, M., Fearon, J.D., Field, C.B. et al.: Climate as a Risk Factor for 

Armed Conflict, Nature, 571, 193–197, https://doi.org/10.1038/s41586-019-1300-6, 2019. 760 

 

Macy, M.W., Manqing, M., Tabin, D.R., Gao, J.: Polarization and tipping points, PNAS, 118, e2102144118, 

https://doi.org/10.1073/pnas.2102144118, 2021. 

 

Malerba, D.: The Effects of Social Protection and Social Cohesion on the Acceptability of Climate Change Mitigation 765 

Policies: What Do We (Not) Know in the Context of Low- and Middle-Income Countries?, Eur. J. Dev. Res, 34, 1358–1382, 

https://doi.org/10.1057/s41287-022-00537-x, 2022.   

 

Manchin, M. and Orazbayev, S.: Social networks and the intention to migrate, World Dev, 109, 360-374, 

https://doi.org/10.1016/j.worlddev.2018.05.011, 2018. 770 

 

Mann, M.E.: The New Climate War: The Fight to Take Back Our Planet, PublicAffairs, ISBN 9781541758223, 2021. 

 

Marcucci, G., Mazzuto, G., Bevilacqua, M., Ciarapica, F.E. and Urciuoli, L.: Conceptual model for breaking ripple effect 

and cycles within supply chain resilience, Supply Chain Forum: An International Journal, 23, 252-775 

271, https://doi.org/10.1080/16258312.2022.2031275, 2022. 

 

May, R., Levin, S. and Sugihara, G.: Ecology for bankers, Nature, 451, 893–894, https://doi.org/10.1038/451893a, 2008. 

 

McAdam, J.: Climate change, forced migration, and international law. Oxford University Press, ISBN 9780199587087, 780 

2012. 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



20 

 

McLeman, R.: Thresholds in climate migration, Popul. Environ, 39, 319–338, https://doi.org/10.1007/s11111-017-0290-2, 

2018. 

 785 

McLeman, R., Wrathall, D., Gilmore, E., Thornton, P., Adams, H. and Gemenne, F.: Conceptual framing to link climate risk 

assessments and climate-migration scholarship, Clim. Change, 165, 24, https://doi.org/10.1007/s10584-021-03056-6, 2021. 

 

Miller, DM.S.: Public trust in the aftermath of natural and na-technological disasters: Hurricane Katrina and the Fukushima 

Daiichi nuclear incident, Int. J. Sociol. Soc. Policy, 36, 410-431, https://doi.org/10.1108/IJSSP-02-2015-0030, 2016.  790 

 

Millward-Hopkins, J.: Why the impacts of climate change may make us less likely to reduce emissions, Glob. Sustain, 5, 

E21, https://doi.org/10.1017/sus.2022.20, 2022. 

 

Milkoreit, M.: Social tipping points everywhere? - Patterns and risks of overuse, WIRES Clim. Change, 14, e813, 795 

https://doi.org/10.1002/wcc.813, 2023.  

 

Milkoreit, M.: Governance of Earth System Tipping Points, Tipping Elements Webinar, Online, 27 February 2023, 

https://futureearth.org/event/governance-of-climate-tipping-points/, 2023. 

 800 

Min, B. and Miguel, M.S.: Competing contagion processes: Complex contagion triggered by simple contagion. Sci. Rep, 8, 

https://doi.org/10.1038/s41598-018-28615-3, 2018. 

 

Newell, P., Srivastava, S., Naess, L.O., Torres Contreras, G.A., Price, R.: Toward transformative climate justice: An 

emerging research agenda, WIRES Clim. Change, 12, e733, https://doi.org/10.1002/wcc.733, 2021.  805 

 

Ngaruiya, G.W. and Scheffran, J.: Actors and networks in resource conflict resolution under climate change in rural 

Kenya, Earth Sys. Dyn, 7, 441-452, https://doi.org/10.5194/esd-7-441-2016, 2016. 

 

Ogunbode, C.A., Doran, R., Hanss, D., Ojala, M., Salmela-Aro, K., van den Broek, K.L., Bhullar, N., Aquino, S.D., Marot, 810 

T., Schermer, J.A. and Wlodarczyk, A.: Climate anxiety, wellbeing and pro-environmental action: Correlates of negative 

emotional responses to climate change in 32 countries, J. Environ. Psychol, 84.101887, 

https://doi.org/10.1016/j.jenvp.2022.101887, 2022. 

 

Orazani, S. Nima, Katherine J. Reynolds, and Osborne, H.: What works and why in interventions to strengthen social 815 

cohesion: A systematic review, J. Appl. Soc. Psychol, https://doi.org/10.1111/jasp.12990, 2023. 

 

Otto, I.M., Donges, J.F., Cremades, R., Bhowmik, A., Hewitt, R.J., Lucht, W., Rockström, J., Allerberger, F., McCaffrey, 

M., Doe, S.S.P., Lenferna, A., Morán, N., van Vuuren, D.P. and Schellnhuber, H.J.: Social tipping dynamics for stabilizing 

Earth’s climate by 2050, PNAS, 117, 2354-2365, https://doi.org/10.1073/pnas.1900577117, 2020.  820 

 

Paz, L.V., Viola, T.W., Milanesi, B.B., Sulzbach, J.H., Mestriner, R.G., Wieck, A. and Xavier, L.L.: Contagious depression: 

Automatic mimicry and the mirror neuron system - A review, Neurosci. Biobehav. Rev, 134, 104509, 

https://doi.org/10.1016/j.neubiorev.2021.12.032, 2022.  

 825 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



21 

 

Pearce, L., Murphy, B. and Chrétien, A.: From Displacement to Hope: A Guide for Displaced Indigenous Communities and 

Host Communities, Contemporary Studies, 10, Wilfrid Laurier University, http://scholars.wlu.ca/brantford_ct/10, 2017. 

 

Richards, C.E., Lupton, R.C. and Allwood, J.M.: Re-framing the threat of global warming: an empirical causal loop diagram 

of climate change, food insecurity and societal collapse, Clim. Change 164, 49, https://doi.org/10.1007/s10584-021-02957-830 

w, 2021  

 

Ross, A.R., Modi, M., Paresky, P., Jussim, L., Harrell, B., Goldenberg, A., Goldenberg, P., Finkelstein, D., Farmer, J., 

Holden, K., Riggleman, D., Shapiro, J. and Finkelstein, J.: A Contagion of Institutional Distrust: Viral Disinformation of the 

COVID Vaccine and the Road to Reconciliation, Network Contagion Research Institute, Rutgers University, 835 

https://networkcontagion.us/wp-content/uploads/NCRI_Anti-Vaccination_v4.pdf, 2022. 

 

Russo, S., Mirisola, A., Dallago, F. and Roccato, M.: Facing natural disasters through the endorsement of authoritarian 

attitudes, J. Environ. Psychol, 68, 101412, https://doi.org/10.1016/j.jenvp.2020.101412, 2020. 

 840 

Sadiddin, A., Cattaneo, A., Cirillo, M. and Miller, M.: Food insecurity as a determinant of international migration: evidence 

from Sub-Saharan Africa, Food Secur, 11, 515-530, https://doi.org/10.1007/s12571-019-00927-w, 2019. 

 

Sakaguchi, K., Varughese,A., Auld, G.: Climate Wars? A Systematic Review of Empirical Analyses on the Links between 

Climate Change and Violent Conflict, Int. Stud. Rev, 19, 622–645, https://doi.org/10.1093/isr/vix022, 2017 845 

 

Samitas, A., Kampouris, E. and Kenourgios, D.: Machine learning as an early warning system to predict financial crisis. Int. 

Rev. Financial Anal, 71, 101507, https://doi.org/10.1016/j.irfa.2020.101507, 2020. 

 

Sanches-Pereira, A. and Gómez M.F.: The dynamics of the Swedish biofuel system toward a vehicle fleet independent of 850 

fossil fuels, J. Clean. Prod, 96, 452–466, https://doi.org/10.1016/j.jclepro.2014.03.019, 2015. 

 

Scartozzi, C.: Reframing climate-induced socio-environmental conflicts. A systematic review, Int. Stud. Rev, 23, 696–725, 

https://doi.org/10.1093/isr/viaa064, 2020. 

 855 

Scatà, M., Di Stefano, A., La Corte, A. and Liò, P.: Quantifying the propagation of distress and mental disorders in social 

networks, Sci. Rep, 8, 5005, https://doi.org/10.1038/s41598-018-23260-2, 2018.  

 

Scheffer, M.: Critical Transitions in Nature and Society, Princeton Studies in Complexity, Princeton University Press, ISBN 

9780691122045, 2009. 860 

 

Scheffer, M., Bascompte, J., Brock, W.A., Brovkin, V., Carpenter, S.R., Dakos, V., Held, H., Van Nes, E.H., Rietkerk, M. 

and Sugihara, G.: Early-warning signals for critical transitions, Nature, 461, 53-59, https://doi.org/10.1038/nature08227, 

2009. 

 865 

Schelling, T.: Micromotives and Macrobehavior, W.W. Norton & Company, ISBN 9780393329469, 1978. 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



22 

 

Schneider, C.R. and van der Linden, S.: Social norms as a powerful lever for motivating pro-climate actions. One Earth, 6, 

346-351, https://doi.org/10.1016/j.oneear.2023.03.014, 2023. 

 870 

Selby, J., Dahi, O. S., Fröhlich, C., & Hulme, M.: Climate change and the Syrian civil war revisited, Polit. Geogr, 60, 232–

244, https://doi.org/10.1016/j.polgeo.2017.05.007, 2017. 

 

Sillmann, J., Christensen, I., Hochrainer-Stigler, S., Huang-Lachmann, J., Juhola, S., Kornhuber, K., Mahecha, M., Mechler, 

R., Reichstein, M., Ruane, A.C., Schweizer, P.-J. and Williams, S.: ISC-UNDRR-RISK KAN Briefing note on systemic risk, 875 

International Science Council, Paris, Report, https://doi.org/10.24948/2022.01, 2022. 

 

Skinner, E.B., Glidden, C.K., MacDonald, A.J. and Mordecai, E.A.: Human footprint is associated with shifts in the 

assemblages of major vector-borne diseases, Nat. Sustain, 6, 652–661, https://doi.org/10.1038/s41893-023-01080-1, 2023. 

 880 

Smith, M.D. and Wesselbaum, D., 2022. Food insecurity and international migration flows. Int. Migr. Rev, 56, 615-635, 

https://doi.org/10.1177/01979183211042820, 2022. 

 

Solow, A. R.: A call for peace on climate and conflict, Nature, 497, 179–180, https://doi.org/10.1038/497179a, 2013. 

 885 

Spaiser, V., Hedström, P., Ranganathan, S., Jansson, K., Nordvik, M.K. and Sumpter, D.J.T.: Identifying Complex 

Dynamics in Social Systems: A New Methodological Approach Applied to Study School Segregation, Sociol. Methods Res., 

47, 103–135, https://doi.org/10.1177/0049124116626174, 2018. 

 

Stanley, S.K., Wilson, M.S. and Milfont, T.L.: Exploring short-term longitudinal effects of right-wing authoritarianism and 890 

social dominance orientation on environmentalism, Pers. Individ. Differ, 108, 174-177, 

https://doi.org/10.1016/j.paid.2016.11.059, 2017. 

 

Stanley, S.K. and Wilson, M.S.: Meta-analysing the association between social dominance orientation, authoritarianism, and 

attitudes on the environment and climate change. J. Environ. Psychol, 61, 46-56, 895 

https://doi.org/10.1016/j.jenvp.2018.12.002, 2019. 

 

Stechemesser, A., Levermann, A., Welz, L.: Temperature impacts on hate speech online: evidence from 4 billion geolocated 

tweets from the USA, Lancet Planet. Health, 6, e714 - e725. https://doi.org/10.1016/S2542-5196(22)00173-5, 2022. 

 900 

Summer, M.: Financial Contagion and Network Analysis, Annu. Rev. Financ. Econ, 5, 277-297, 

https://doi.org/10.1146/annurev-financial-110112-120948, 2013. 

 

Sun, S., Jin, B., Wei, Z. and Guo, W.: Revealing the Excitation Causality between Climate and Political Violence via a 

Neural Forward-Intensity Poisson Process, Proceedings of the 31st International Joint Conference on Artificial Intelligence 905 

AI for Good, 5171-5177, https://doi.org/10.24963/ijcai.2022/718, 2022.   

 

Tàbara, J.D., Frantzeskaki, N., Hölscher, K., Pedde, S., Kok, K., Lamperti, F., Christensen, J.H., Jäger, J. and Berry, P.: 

Positive tipping points in a rapidly warming world, Curr. Opin, Environ. Sustain, 31, 120-129, 

https://doi.org/10.1016/j.cosust.2018.01.012, 2018.  910 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



23 

 

 

Tafere, M.: Forced displacements and the environment: Its place in national and international climate 

agenda, J. Environ. Manage, 224, 191-201, https://doi.org/10.1016/j.jenvman.2018.07.063, 2018. 

 

Taylor, B.: Alt-right ecology: Ecofascism and far-right environmentalism in the United States, in: The far right and the 915 

environment, edited by Forchtner, B., Routledge, 275-292, ISBN 9781351104043, 2019. 

 

Tench, S., Fry, H., and Gill, P.: Spatio-temporal patterns of IED usage by the Provisional Irish Republican Army. Eur. J. 

Appl. Math, 27, 377-402, https://doi.org/10.1017/S0956792515000686, 2016. 

 920 

Teymoori, A., Bastian, B. and Jetten, J.: Towards a Psychological Analysis of Anomie: Towards a Psychological Analysis of 

Anomie, Polit. Psychol, 38, 1009-1023, https://doi.org/10.1111/pops.12377, 2017.  

 

Thiery, W., Lange, S., Rogelj, J., Schleussner, C.-F., …, and Wada, Y.: Intergenerational inequities in exposure to climate 

extremes, Science, 374, 158-160, https://doi.org/10.1126/science.abi7339, 2021. 925 

 

Thøgersen, J.: Social norms and cooperation in real-life social dilemmas. J. Econ. Psychol, 29, 458-472, 

https://doi.org/10.1016/j.joep.2007.12.004, 2008. 

 

Thomas, K., Hardy, R.D., Lazrus, H., Mendez, M., Orlove, B., Rivera-Collazo, I., Roberts, J.T., Rockman, M., Warner, B.P. 930 

and Winthrop, R.: Explaining differential vulnerability to climate change: A social science review,  WIRES Clim. Change, 

10, e565, https://doi.org/10.1002/wcc.565, 2019.  

 

Törnberg, P.: Echo chambers and viral misinformation: Modeling fake news as complex contagion. PLOS ONE 13, 

e0203958, https://doi.org/10.1371/journal.pone.0203958, 2018. 935 

 

Twyman-Ghoshal, A.: Global Anomie Theory, in: Oxford Research Encyclopedia of Criminology and Criminal Justice, 

edited by Twyman-Ghoshal, A., Oxford University Press, https://doi.org/10.1093/acrefore/9780190264079.013.545, 2021.  

 

Uenal, F., Sidanius, J., Roozenbeek, J., van der Linden, S.: Climate change threats increase modern racism as a function of 940 

social dominance orientation and ingroup identification. J. Exp. Soc. Psychol, 97, 101783, 

https://doi.org/10.1016/j.jesp.2021.104228, 2021. 

 

von Uexkull, N. and Buhaug, H.: Security Implications of Climate Change: A Decade of Scientific Progress, J. Peace Res, 

58, 3–17. https://doi.org/10.1177/0022343320984210, 2021. 945 

 

UNICEF: The Climate Crisis is a Child Rights Crisis: Introducing the Children’s Climate Risk Index, Report, 

https://data.unicef.org/resources/childrens-climate-risk-index-report/, 2021. 

 

Van der Linden, S., Leiserowitz, A., Rosenthal, S. and Maibach, E.: Inoculating the public against misinformation about 950 

climate change. Global chall, 1, 1600008, https://doi.org/10.1002/gch2.201600008, 2017. 

 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



24 

 

Vasconcelos V.V., Levin S.A. and Pinheiro F.L.: Consensus and polarization in competing complex contagion processes. J. 

R. Soc. Interface, 16, 20190196, http://dx.doi.org/10.1098/rsif.2019.0196, 2019. 

 955 

Weber, E.U., Constantino, S.M., and Schlüter, M.: Embedding Cognition: Judgment and Choice in an Interdependent and 

Dynamic World, Curr. Dir. Psychol. Sci, https://doi.org/10.1177/09637214231159282, 2023. 

 

Wiedermann, M., Smith E.K., Heitzig, J. & Donges, J.F.: A network-based microfoundation of Granovetter’s threshold 

model for social tipping. Sci. Rep, 10, 11202, https://doi.org/10.1038/s41598-020-67102-6, 2020. 960 

 

Winkelmann, R., Donges, J.F., Smith, E.K., Milkoreit, M., Eder, C., Heitzig, J., Katsanidou, A., Wiedermann, M., 

Wunderling, N. and Lenton, T.M.: Social tipping processes towards climate action: A conceptual framework, Ecol. Econ, 

192, 107242, https://doi.org/10.1016/j.ecolecon.2021.107242, 2022. 

 965 

Wood, B., and Kallestrup, P.: Benefits and challenges of using a participatory approach with community-based mental health 

and psychosocial support interventions in displaced populations, Transcult. Psychiatry, 58, 283-292, 

https://doi.org/10.1177/1363461520983626, 2021. 

 

Wunderling, N., Krönke, J., Wohlfarth, V., Kohler, J., Heitzig, J., Staal, A., ... & Donges, J. F.: Modelling nonlinear 970 

dynamics of interacting tipping elements on complex networks: the PyCascades package, Eur. Phys. J. Spec. Top, 230, 

3163-3176, https://doi.org/10.1140/epjs/s11734-021-00155-4, 2021. 

 

Wunderling, N., Winkelmann, R., Rockström, J., Loriani, S., Armstrong McKay, D. I., Ritchie, P. D., ... and Donges, J. F.: 

Global warming overshoots increase risks of climate tipping cascades in a network model, Nat. Clim. Chang, 13, 75-82, 975 

https://doi.org/10.1038/s41558-022-01545-9, 2023. 

 

Xie, J., Meng, F., Sun, J., Ma, X., Yan, G. and Hu, Y.: Detecting and modelling real percolation and phase transitions of 

information on social media. Nat. Hum. Behav, 5, 1161-1168, https://doi.org/10.1038/s41562-021-01090-z, 2021. 

 980 

Yan, W., Woodard, R. and Sornette, D.: Diagnosis and prediction of tipping points in financial markets: Crashes and 

rebounds, Physics Procedia, 3, 1641-1657, https://doi.org/10.1016/j.phpro.2010.07.004, 2010. 

 

Yletyinen, J., Perry, G.L.W., Stahlmann-Brown, P., Pech, R. and Tylianakis, J.M.: Multiple social network influences can 

generate unexpected environmental outcomes. Sci. Rep, 11, 9768, https://doi.org/10.1038/s41598-021-89143-1, 2021. 985 

 

Youngblood, M.: Extremist ideology as a complex contagion: the spread of far-right radicalization in the United States 

between 2005 and 2017, Humanit. Soc. Sci, 7, 49, https://doi.org/10.1057/s41599-020-00546-3, 2020. 

 

Young, H. and Jacobsen, K.: No way back? Adaptation and urbanization of IDP livelihoods in the Darfur Region of Sudan, 990 

Dev. Change, 44, 125-145, https://doi.org/10.1111/dech.12003, 2013. 

 

Zammit-Mangion, A., Dewar, M., Kadirkamanathan, V. and Sanguinetti, G.: Point process modelling of the Afghan War 

Diary, PNAS, 109, https://doi.org/10.1073/pnas.1203177109, 2012. 

 995 

https://doi.org/10.5194/egusphere-2023-1475
Preprint. Discussion started: 4 September 2023
c© Author(s) 2023. CC BY 4.0 License.



25 

 

 

Figure 1: Tipping elements (TEs) and associated negative social tipping processes (TPs) with the potential to further destabilise the 

World–Earth system. The processes they represent unfold across levels of social structure on different time- and spatial scales. 

Tipping in all tipping elements can occur very rapidly (hours), triggered by a major shock event or unfold more slowly (years) over 

cascading pathways as the effects of Earth system tipping accumulate. Tipping can also occur only locally, affecting a specific 1000 
community and spread across the globe. The identified interactions between the various negative tipping processes mean that they 

can potentially reinforce one another, making destabilisation more likely. Earth image source: https://pngimg.com/image/25350 

(License: License: Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)) 

 

Figure 2:  Examples of the impact of extreme weather events on mental health across the world, based on Carleton (2017); Clayton 1005 
et al. (2017); Jermacane et al. (2018); Atwoli, Muhia & Merali (2022); Hamideh, Sen & Fischer (2022); Lawrence et al. (2021), and 

Ferreira et al. (2023). 
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Figure 3. Example of a “tipping point” in the context of food security, showing the transition from stable food security 

conditions to a food crisis resulting from drought in Ethiopia (Source: Krishnamurthy et al., 2020) 
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Table 2 Negative (social) tipping points and options for prevention and impact management 

Negative (Social) 

Tipping Points 

Prevention Options Impact Management Options 

Earth System Tipping 

Impacts (e.g. food 

insecurity) 

Early warning systems to detect escalating food 

insecurity and anticipatory action mechanisms, 

incl. investment in irrigation, crop diversification 

and investment in long-term adaptation options to 

improve climate-smart agriculture 

(Krishnamurthy et al., 2020) 

Risk finance (e.g., weather index insurance) 

(Benso et al., 2023) and emergency response 

(e.g., food assistance), managed relocation from 

areas that become uninhabitable/uncultivable 

(Ferris & Weerasinghe, 2020). 

Anomie Strengthening resilience of individuals and 

communities (Ogunbode et al., 2022). 

Strengthening social cohesion (Orazani, Reynolds 

& Osborne, 2023). Ensuring authorities can 

respond to ecological hazard effectively through 

capacity building and resilient infrastructure 

(Miller, 2016; Brown, 2020) 

Mental health support to individuals and 

communities affected by extreme weather 

events and displacement (Wood & Kallestrup, 

2021). Working with affected communities to 

re-build and integrate displaced communities in 

host communities (Hawkins & Maurer, 2011) 

Radicalisation & 

Polarization 

Preventing the spread of misinformation/ 

disinformation (Aïmeur, Amri & Brassard, 2023). 

Psychological inoculation against 

misinformation/disinformation (Van der Linden 

et al., 2017). Monitoring radicalisation. 

Radicalisation prevention programmes. Public 

engagement in democratic, deliberative decision 

making (Devaney et al., 2020).  

Deradicalization and dialogue building 

programmes (Kimmel, 2018; Hangartner et al., 

2021). Containing the influence of radical 

groups (Flache et al., 2017). Early warning 

systems for detecting the potential for violence 

(Guo et al., 2018).  

Displacement Early warning systems and anticipatory action 

mechanisms, e.g. managed relocation. Investing 

in resilience of displaced communities, through 

stability, education, and employment 

opportunities (Ferris & Weerasinghe, 2020). 

Host community and refugee support (e.g., 

humanitarian support, food aid, housing, mental 

health support) (Pearce, Murphy & Chrétien, 

2017). Financial compensation for host 

communities. Legal frameworks and policies to 

support mixed movements (McAdam, 2012) 

Conflict Conflict early warning systems (CEWS) (Guo et 

al., 2018). Conflict prevention processes, through 

conflict management, democratic procedures. 

Agreements on scarce resource management and 

distribution. Climate change adaptation support. 

Resilience building of societies at risk of violent 

conflict (Abrahams, 2020) 

Conflict resolution process (Ngaruiya & 

Scheffran, 2016). Humanitarian support to 

citizens trapped in conflicts. Managed 

relocation from active fighting zones.  

Financial 

Destabilisation 

Early and stable transition away from fossil fuel 

assets (i.e. divestment). Implementation of a 

green corporate quantitative easing programme to 

reduce climate-induced financial instability and 

restrict global warming (Lamperti et al., 2019) 

Macroprudential regulation in climate risk 

management. A counter-cyclical capital buffer 

(as proposed in the Basel III framework) could 

help address climate physical risks, even 

though it may be insufficient when damages 

surge (Lamperti et al., 2019) 
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