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Abstract 

This thesis evaluates the potential for ecological collapse by 2125, defined as a systemic 
breakdown of critical Earth systems (climate, biodiversity, water, and agriculture) leading to 
irreversible societal and environmental impacts. By integrating scientific modeling, trend 
analysis, and expert judgment, we assess the interactions and tipping points across these 
systems. A timeline of critical thresholds is proposed, highlighting risks and uncertainties. 
The analysis underscores the urgency of transformative action to mitigate cascading 
failures, while acknowledging deep uncertainties in long-term projections. 

Introduction 

Ecological collapse refers to a state where interconnected Earth systems cross critical 
thresholds, or tipping points, resulting in self-perpetuating changes that undermine 
ecosystem services and human livelihoods. Anthropogenic pressures—climate change, 
deforestation, overexploitation, and pollution—amplify risks across climate, biodiversity, 
water, and agricultural systems. This thesis synthesizes current scientific understanding to 
project the likelihood of collapse by 2125, employing: 

• Scientific Modeling: Climate models, species distribution models, and 
hydrological simulations. 

• Trend Analysis: Historical and current data on deforestation, species loss, and 
resource depletion. 

• Expert Judgment: Insights from interdisciplinary experts via elicitation studies and 
literature reviews. 

The research addresses: (1) the probability and mechanisms of collapse, (2) critical tipping 
points and their timelines, and (3) mitigation strategies to avert catastrophic outcomes. 

Methodology 

Data Sources 

• Climate Models: IPCC Sixth Assessment Report (AR6), CMIP6 projections, and 
regional climate simulations. 

• Biodiversity: IUCN Red List, species distribution models, and paleoclimate 
reconstructions. 



• Water Systems: Hydrological models, remote sensing data, and groundwater 
depletion studies. 

• Agriculture: FAO projections, soil degradation studies, and climate impact 
assessments. 

• Expert Judgment: Literature reviews, expert elicitation studies, and paleoclimate 
analogs. 

Analytical Framework 

1. System Dynamics Modeling: Simulates interactions between climate, biodiversity, 
water, and agriculture using feedback loops and nonlinear dynamics. 

2. Trend Extrapolation: Analyzes historical rates of change (e.g., deforestation, CO2 
emissions) to project future trajectories. 

3. Tipping Point Identification: Assesses thresholds using paleoclimate data, current 
observations, and model outputs. 

4. Uncertainty Analysis: Incorporates epistemic and linguistic uncertainties, 
following Regan et al. (2002). 

System-Specific Analysis 

Climate System 

• Current State: Global warming has reached ~1.2°C above pre-industrial levels 
(2025). Models project 1.5–4.5°C by 2100 under SSP2-4.5 to SSP5-8.5 scenarios. 

• Tipping Points: 

o Greenland Ice Sheet (GIS): Threshold at ~1.9–4.6°C global warming, leading 
to 7m sea level rise over centuries. 

o Atlantic Meridional Overturning Circulation (AMOC): Weakening observed; 
collapse possible at 1.5–2°C, disrupting global precipitation patterns. 

o Permafrost Thaw: Ongoing, with 40% carbon release potential by 2100, 
amplifying warming via methane emissions. 

• Trends: Accelerating emissions and feedback loops (e.g., permafrost, albedo loss) 
increase risks of cascading tipping points. 

Biodiversity 



• Current State: 1 million species face extinction risk (IPBES, 2019). Habitat loss, 
climate change, and invasive species drive declines. 

• Tipping Points: 

o Amazon Rainforest Dieback: 20–25% deforestation could trigger savanna 
transition, releasing 90 Gt CO2 and disrupting global weather. 

o Coral Reef Collapse: 70–90% loss projected at 1.5°C; near-total loss at 2°C, 
affecting 500 million people. 

• Trends: Species loss rates are 100–1,000 times background rates. Synergistic 
stressors (e.g., warming, pollution) accelerate declines. 

Water Systems 

• Current State: 2 billion people face water stress (UN-Water, 2025). Groundwater 
depletion and pollution exacerbate scarcity. 

• Tipping Points: 

o Monsoon Disruption: AMOC collapse or Amazon dieback could alter Indian 
and African monsoons, affecting billions. 

o Aquifer Depletion: Irreversible loss in major aquifers (e.g., Ogallala, Indus) 
projected by 2050–2100 under current extraction rates. 

• Trends: Demand outpaces supply in 40% of global regions. Climate-driven changes 
in precipitation worsen droughts and floods. 

Agriculture 

• Current State: Agriculture contributes ~30% of GHG emissions and faces yield 
declines from heat and water stress. 

• Tipping Points: 

o Soil Degradation: 1–6 billion hectares degraded globally; tipping points 
reached in marginal lands by 2050–2075. 

o Crop Yield Collapse: 10–50% yield reductions projected in key regions (e.g., 
Sub-Saharan Africa) at 2–3°C warming. 

• Trends: Intensification and land-use change degrade soils, while climate impacts 
reduce resilience. 

Integrated Risk Assessment 



Interactions and Cascades 

• Climate-Biodiversity: Warming and deforestation drive Amazon dieback, releasing 
CO2 and disrupting rainfall, further stressing agriculture. 

• Water-Agriculture: Monsoon disruption and aquifer depletion reduce irrigation 
capacity, exacerbating food insecurity. 

• Cascading Tipping Points: AMOC collapse could trigger monsoon shifts, Amazon 
dieback, and permafrost thaw, creating a “tipping cascade.” 

Likelihood of Collapse by 2125 

• High-Risk Scenario (SSP5-8.5, ~4.5°C by 2100): 80–90% probability of crossing 
multiple tipping points, leading to systemic collapse. Key drivers: AMOC collapse, 
Amazon dieback, and permafrost thaw. 

• Moderate-Risk Scenario (SSP2-4.5, ~2.7°C): 50–60% probability, with regional 
collapses (e.g., coral reefs, marginal agricultural lands). 

• Low-Risk Scenario (SSP1-1.9, ~1.8°C): 20–30% probability, limited to localized 
tipping points (e.g., coral reefs). Requires aggressive mitigation. 

Timeline of Critical Tipping Points 

Year Tipping Point System 
Likelihood (% 
by SSP5-8.5) 

Impacts Source 

2030 Coral Reef Collapse Biodiversity 90 
Loss of 500M 
livelihoods, coastal 
erosion 

 

2040 
Sandy Beach 
Ecosystem Loss 

Biodiversity 80 
Habitat loss, tourism 
decline  

2050 
Amazon Dieback (20–
25% deforestation) 

Biodiversity 70 
90 Gt CO2 release, 
savanna transition  

2060 AMOC Partial Collapse Climate 60 
Monsoon disruption, 
crop failures  

2075 
Soil Degradation 
Threshold 

Agriculture 65 
10–50% yield losses 
in marginal lands  



2090 
Permafrost Thaw (40% 
loss) 

Climate 55 
Methane release, 
+0.5°C warming  

2100 
Greenland Ice Sheet 
Threshold 

Climate 50 
7m sea level rise 
(long-term)  

2125 
Monsoon System 
Collapse 

Water 45 
Food insecurity for 
billions  

Notes: Likelihoods are estimated for SSP5-8.5; lower SSPs reduce probabilities. Timelines 
are approximate, reflecting median estimates from models and expert judgment. 

Mitigation and Adaptation Strategies 

• Mitigation: 

o Rapid decarbonization to limit warming to 1.5–1.8°C (e.g., net-zero by 2050). 

o Reforestation and soil carbon sequestration to enhance sinks. 

• Adaptation: 

o Resilient agricultural practices (e.g., drought-resistant crops, precision 
farming). 

o Water management reforms (e.g., rainwater harvesting, aquifer recharge). 

• Research Needs: 

o Improved modeling of tipping point interactions using deep learning and 
remote sensing. 

o Long-term monitoring to detect early warning signals. 

Discussion 

The likelihood of ecological collapse by 2125 hinges on emissions pathways and societal 
responses. High-emission scenarios (SSP5-8.5) virtually guarantee multiple tipping points, 
with cascading impacts across systems. Even moderate scenarios (SSP2-4.5) risk regional 
collapses, particularly in vulnerable ecosystems like coral reefs and marginal agricultural 
lands. Uncertainties—model limitations, unknown tipping points, and socioeconomic 
factors—complicate projections. Paleoclimate analogs suggest abrupt changes are 
plausible, reinforcing the need for precaution. 

Critics of the tipping point framing argue it oversimplifies complex dynamics and may not 
spur action. However, the framework remains useful for communicating urgency and 



guiding policy. The timeline presented here is conservative, as synergistic stressors (e.g., 
deforestation, pollution) may accelerate thresholds. 

Conclusion 

Ecological collapse by 2125 is a plausible outcome under high-emission scenarios, driven 
by tipping points in climate, biodiversity, water, and agricultural systems. A timeline of 
critical thresholds highlights imminent risks (e.g., coral reefs by 2030, Amazon by 2050). 
Aggressive mitigation, adaptive management, and enhanced research are essential to avert 
systemic failure. While uncertainties persist, the precautionary principle demands 
immediate action to safeguard Earth’s life-support systems. 
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