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Executive Summary

Introduction
Humans often think of processes as being simple and 
predictable. When we need water, we turn on the tap and 
water comes out. However, we do not give much thought 
to where the water came from in the first place, and we are 
often unaware of the many underlying processes that occur 
before it reaches us. This leaves us with little understanding 
of the effect of our usage on others in the system, or the risk 
that one day the source of our water could be gone.

Systems are all around us and closely connected to 
us. Water systems, food systems, transport systems, 
information systems, ecosystems and others: our world 
is made up of systems where the individual parts interact 
with one another. Over time, human activities have made 
these systems increasingly complex, be it through global 
supply chains, communication networks, international trade 
and more. As these interconnections get stronger, they 
offer opportunities for global cooperation and support, but 
also expose us to greater risks and unpleasant surprises, 
particularly when our own actions threaten to damage a 
system.

When our life-sustaining systems, such as those for our 
water or food, deteriorate, it is typically not a simple and 
predictable process. A tower made of building blocks might 
remain standing at first if you remove one piece at a time, 
but instability slowly builds in until you remove one block 
too many and it topples over. Like the stack of blocks, when 
a certain threshold of instability is reached in a system, it 
might collapse or fundamentally change. We open the tap, 
and suddenly nothing comes out. This is called a tipping 
point, and tipping points can have irreversible, catastrophic 
impacts for people and the planet.

Risk tipping points
There are different kinds of tipping points. Climate change 
has so-called “climate tipping points”, specific thresholds 
after which unstoppable changes occur, influencing the 
global climate. When the increasing temperatures push vast 
systems around the world, like the Amazon rainforest or the 
Greenland Ice Sheet, past certain thresholds, they will enter 
a path towards collapse.

But tipping points are not always physical, and climate 
change is just one of the many drivers of risk. Many new 
risks emerge when and where our physical and natural 
worlds interconnect with human society. Some tipping 
points trigger abrupt changes in our life-sustaining systems 
that can shake the foundations of our societies. This is 
why the 2023 edition of the Interconnected Disaster Risks 
report proposes a new category of tipping points: risk 
tipping points. A risk tipping point is the moment at which 
a given socioecological system is no longer able to buffer 
risks and provide its expected functions, after which the 
risk of catastrophic impacts to these systems increases 
substantially.

Pushed towards a cliff edge
Today, we are moving perilously close to the brink of multiple 
risk tipping points. Human actions are behind this rapid 
and fundamental change to the planet. We are introducing 
new risks and amplifying existing ones by indiscriminately 
extracting our water resources, damaging nature and 
biodiversity, polluting both Earth and space, and destroying 
our tools and options to deal with disaster risk. 

One example of such a risk tipping point is the depletion 
of groundwater needed for agriculture (Groundwater 
depletion). Groundwater is an essential freshwater resource 
stored in underground reservoirs called “aquifers”. These 
aquifers supply drinking water to over 2 billion people, and 
around 70 per cent of withdrawals are used for agriculture. 
However, more than half of the world’s major aquifers are 
being depleted faster than they can be naturally replenished. 
As groundwater accumulates over thousands of years, it is 
essentially a non-renewable resource. The tipping point in 
this case is reached when the water table falls below a level 
that existing wells can access. Once crossed, farmers will 
no longer have access to groundwater to irrigate their crops. 
This not only puts farmers at risk of losing their livelihoods, 
but can also lead to food insecurity and put entire food 
production systems at risk of failure.

This is not a theoretical threat. Some regions, like Saudi 
Arabia, have already surpassed this groundwater risk tipping 
point. In the mid-1990s, Saudi Arabia was the world’s sixth-
largest wheat exporter, based on the large-scale extraction 
of groundwater for irrigation. But once the wells ran dry, 
Saudi Arabian wheat production dropped and they had to 
rely on wheat imported from elsewhere. Other countries, like 
India, are not far from approaching this risk tipping point, 
too. 

In an interconnected world the impacts of risk tipping 
points such as this are felt globally, as they cause ripple 
effects through food systems, the economy and the 
environment. They affect the very structure of our society 
and the well-being of future generations, and they also affect 
our ability to manage future risks. Groundwater, for instance, 
is relied upon to mitigate half of the agricultural losses 
caused by drought, a scenario we can expect to occur more 
often at many places in the future, due to climate change.  
If the groundwater has been depleted, this is an option we 
will no longer have.

Analysing risk tipping points
The 2023 Interconnected Disaster Risks report analyses 
six interconnected risk tipping points, selected for their 
representation of large global issues, which are changing 
lives across the world: 

• Accelerating extinctions: A chain reaction to ecosystem
collapse

• Groundwater depletion: Draining our water, risking our
food supply

• Mountain glaciers melting: Running on thin ice
• Space debris: Losing our eyes in the sky
• Unbearable heat: Living in the unliveable
• Uninsurable future: With rising risks, insurance

becomes unreachable

For Mountain glaciers, the risk tipping point is called “peak 
water” — it is when a glacier produces the maximum volume 
of water run-off due to melting. After this point, freshwater 
availability will steadily decline. Peak water has already  
passed or is expected to occur within the next 10 years 
for many of the small glaciers in Central Europe, western 
Canada or South America. In the Andes, where peak water 
has already passed for many glaciers, communities are now 
grappling with the impacts of unreliable water sources for 
drinking water and irrigation.

For Uninsurable future, the risk tipping point is reached 
when increasingly severe hazards such as storms, floods 
or fires drive up the costs of insurance until it is no longer 
accessible or affordable. Once insurance is no longer offered 
against certain risks, in certain areas or at a reasonable price, 
these areas are considered “uninsurable”. In Australia, for 
example, approximately 520,940 homes are predicted to 
be uninsurable by 2030, primarily due to increasing flood 
risk. Once this point is passed, people are left without an 
economic safety net when disasters strike, opening the door 
to cascading socioeconomic impacts in high-risk areas.

These diverse examples illustrate that risk tipping 
points extend beyond the single domains of climate, 
ecosystems, society or technology, but rather are inherently 
interconnected across them. They share similar root causes 
and drivers which are embedded in our behaviours and 
actions that increasingly put pressure on our systems 
until they change and stop supporting human lives and 
livelihoods. The impacts of these risk tipping points are not 
isolated to the places where tipping points are crossed but, 
through their interconnections with other systems, cascade 
through to other places around the world, influencing those 
to tip as well. For example, Unbearable heat threatens 
not only human lives and health, but also wildlife, which is 
increasing the risk of Accelerating extinctions, putting the 
ecosystems we depend on in peril.

More and more risk tipping points on the horizon
The six risk tipping points analysed in this report offer some 
key examples of the numerous risk tipping points we are 

approaching. If we look at the world as a whole, there are 
many more systems at risk that require our attention. Each 
system acts as a string in a safety net, keeping us from 
harm and supporting our societies. As the next system tips, 
another string is cut, increasing the overall pressure on the 
remaining systems to hold us up. Therefore, any attempt 
to reduce risk in these systems needs to acknowledge and 
understand these underlying interconnectivities. Actions 
that affect one system will likely have consequences on 
another, so we must avoid working in silos and instead look 
at the world as one connected system. 

Creating the future we want
Luckily, we have a unique advantage of being able to see the 
danger ahead of us by recognizing the risk tipping points we 
are approaching. This provides us with the opportunity to 
make informed decisions and take decisive actions to avert 
the worst of these impacts, and perhaps even forge a new 
path towards a bright, sustainable and equitable future. By 
anticipating risk tipping points where the system will cease 
to function as expected, we can adjust the way the system 
functions accordingly or modify our expectations of what the 
system can deliver. In each case, however, avoiding the risk 
tipping point will require more than a single solution. We will 
need to integrate actions across sectors in unprecedented 
ways in order to address the complex set of root causes and 
drivers of risk and promote changes in established mindsets. 

A new framework for solutions
The 2023 Interconnected Disaster Risks report proposes 
a new framework to classify and discuss the effectiveness 
of solutions that can help us address risk tipping points. 
Broadly, solutions fall into two main categories: Avoid 
solutions are those that target root causes and drivers of risk 
to avoid crossing risk tipping points altogether. Meanwhile, 
Adapt solutions are those that help us to prepare or to  
better address the negative impacts of risk tipping points 
in case they cannot be avoided, and seek to adapt to the 
resulting changes in an attempt to live with them.
Within each category, there are two options for actions: 
Delay actions work within the existing “business as usual” 
system and seek to slow down the progression towards risk 
tipping points or possible worst impacts. Transform actions 
involve a fundamental reimagining of the system itself. 

The resulting framework has four categories: 

1 .         Avoid-Delay 
2. Avoid-Transform
3. Adapt-Delay
4. Adapt-Transform

Understanding which of the four categories a solution falls 
into helps to assess what kind of outcomes it can produce 
and which trade-offs it may have. For example, in the case 
of Unbearable heat, there are weather stations that have 
already recorded temperatures beyond the tipping point 
for what a human body can survive in. If this threshold is 
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crossed for more than six hours, a person’s body will be 
unable to cool itself down, and may experience organ failure 
and brain damage. It is human-induced climate change that 
is causing a global rise in temperatures, leading to more 
frequent and intense heatwaves with severe impacts, so an 
Avoid-Transform solution would be one that transforms our 
society in such a way that we achieve strong and sustained 
reductions in emissions of greenhouse gases to halt climate 
change. This involves a societal change towards low-carbon 
ways of living, so that these tipping points can be avoided. 
Meanwhile, an Adapt-Delay solution would be one where 
we install air conditioners in all buildings in hot climates. 
The air conditioners will delay when the risk tipping point 
is reached for the people in these environments, but they 
will not prevent us from reaching the risk tipping point 
eventually, particularly if the air conditioners are powered 
with fossil fuels, which would contribute to further global 
warming. 

Need for transformation 
Most solutions being implemented at present focus on 
Delay rather than Transform, although increasing focus is 
being put on transformative change to achieve global goals 
on transitioning to a more sustainable future. Out of the 
different categories, it is transformative solutions that have 
the potential to move us away from a future of multiplying 
risk tipping points, but they also require the most societal 
and personal change. If we deploy solutions in collaborative, 
integrated packages, and are innovative with our current 
solutions to develop them with long-term, transformational 
change in mind, we can start to move from Delay to 
Transform.

Because risks are interconnected, so are most potential 
solutions. Therefore, the report highlights overall changes we 
can make to our behaviours and values that would transform 
the way we use our systems and reduce overall risk. These 
include a shift towards zero waste, a closer connection to 
nature, global cooperation and trust, consideration for future 
generations and shifting to an economic model that is less 
focused on growth and more on human well-being within 
planetary boundaries. 

Avoiding or adapting to risk tipping points requires us to 
fundamentally change how we perceive and value the world 
around us in a way that gives us the responsibility to care 
for it. We must design our systems to work in a way that 
recognizes how much we need the world and all its systems 
working together for our survival; otherwise we will find 
ourselves in a future where risks continue to multiply. The 
choice is ours. We have the power to act now to create the 
future we want.

Abbreviations
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Chapter 1

Introduction
Our world is inextricably interconnected, intertwining us 
as individuals but also the global community in a web of 
intricate relationships. This interconnectivity, spread through 
our world by the rise of globally interconnected systems, 
including global supply chains, communication systems 
and economic markets, offers us remarkable advantages 
and opportunities. However, it also presents existential 
challenges that reverberate across the globe. As these 
systems expand in their scale and complexity, so do their 
vulnerabilities and potential points of failure. In other words: 
as we become increasingly interconnected, so do the risks 
we share. 

The convergence of societal and ecological challenges, 
such as environmental degradation, resource depletion, 
a warming climate, technological pressures, governance 
instability and a crisis of multilateralism, threatens to push 
us into an uncertain, risky future. We are teetering on the 
precipice of multiple tipping points that can trigger abrupt 
and often irreversible changes to the systems we rely upon, 
casting ripple effects through the fabric of our society and 
the ecosystems around us. Importantly, since our Earth 
systems are interconnected, a risk for one can be a risk for 
all. To build a more resilient, safe and equitable future for all, 
we need to understand how we got to this point in the first 
place, truly think about what kind of future we want to live in 
and build a bridge between the two, before it is too late. 

In this edition of the Interconnected Disaster Risks report, 
we focus on three key themes: 

We are fast approaching several risk tipping points. 
Our critical life-supporting systems, such as the climate as 
we know it which supported the development of human life 
and societies, hydrological cycles, natural ecosystems, our 
food production, knowledge systems and risk management 
tools, are all being fundamentally challenged. While these 
systems have been continually reshaped throughout 
human history, the speed of change and the multitude of 
simultaneous changes occurring today is unprecedented. 
We are facing more severe impacts not only from known 
risks, such as more intense and frequent storms and 
wildfires, but also from new and emerging risks that society 
has yet to fully understand how they develop, let alone 
devise possible ways to respond to them. This poses a new 
challenge to society to not only keep up with these changes 
but also to positively shape the future while not leaving 
anyone or anything behind. This report showcases how 
and why we are approaching the limits to what our current 
systems can take. It also highlights how, if we do not start 
making better decisions, we will drive ourselves off the edge 
into a riskier future with potentially catastrophic impacts for 
people and the planet.

These tipping points are interconnected. 
The looming tipping points directly result from the way 
our choices and priorities interact with various complex 
systems in which human societies are embedded in nature, 
such as our food production, which is dependent upon 
climate and availabilities of water resources, nutrients or 
pollinators. In these socioecological systems, our social, 
economic, technological and cultural systems interact with 
environmental or physical systems. These systems are 
interconnected in many ways, such as having the same 
root causes and drivers, which causes pressure on multiple 
systems at once. When one system passes a tipping point 
such that fundamental changes are inevitable, it increases 
the overall risk across systems and may actually accelerate 
tipping in another system. Feedback loops between systems 
amplify the impacts of risks and can create self-reinforcing 
dynamics that increase the speed of change. The impacts of 
these manifesting risks may accumulate over time, causing 
us to reach multiple critical tipping points simultaneously. 
This will result in amplified impacts compared to just 
one system being affected, leading to more drastic 
consequences that are difficult to predict and recover from. 
Therefore, any attempt to reduce risk in these systems must 

acknowledge and understand these underlying pressures 
as well as their interconnectivity. Actions that affect one 
system will likely have consequences on another, so we must 
avoid working in fragmented silos and instead look at the 
world as one beautiful, intricate system. This report helps 
us to understand the interconnectivity of different systems 
approaching tipping points and the consequences for the 
risks we share.

We have a choice about the future we want to live in. 
Even as we head down a dangerous path into a risky 
future, we fortunately have the research, knowledge and 
tools to see these tipping points coming and can adjust 
our trajectory. In many cases and places, we can still act 
to avoid the tipping points and to reduce or prevent losses 
and damages to the systems we value and rely on. Human 
agency can influence the time we have before we reach 
these tipping points, giving us critical space for developing 
adaptation strategies. It can even prevent us from reaching 
these points altogether if we make deliberate choices 
and take decisive actions to steer us towards a desirable 
future. Having this agency means that we have not only the 
ability but also the duty to influence the direction society is 
heading towards. The trajectory of increasing risk in different 
systems paints a clear picture that without substantially 
changing what is considered “business as usual”, crossing 
these tipping points is inevitable. This report highlights 
choices we can take to change our collective behaviours and 
priorities for the benefit of the planet and everyone on it.

About the report
The 2023 Interconnected Disaster Risks report analyses six 
key risks with approaching tipping points: the accelerating 
extinctions of species, the depletion of groundwater 
resources, the retreat of mountain glaciers, the growing 
number of places facing uninhabitable temperatures, the 
rise in uninsurability and the growing amount of space 
debris. These tipping points are representative of globally 
relevant trends pushing our socioecological systems to the 
brink. They represent a diverse selection across thematic 
categories worldwide to better explore the consequences 
of their global interconnectivity for both the changing risk 
landscape and the possible solutions.

The six risk tipping points are introduced in Chapter 2 in 
individual fact sheets that show the overarching risk to 
certain systems these tipping points represent, outlining 
the points when the systems tip and what impacts we 
might see now and in the future. The six fact sheets also 
show the interconnectivity between these tipping points, 
highlighting how risks across systems are intertwined. 
The concept of “risk tipping points” is further outlined in 
Chapter 3, explaining their similarities and differences with 
other types of tipping points, along with definitions and 
the methodology for tipping point selection. Chapter 4 
discusses the interconnectivity of these tipping points, 
from their root causes and drivers to their similar trajectories 
in the future if we do not start to make better choices. 
Chapter 5 outlines different paths for either adapting to or 
avoiding risk tipping point impacts, by moving away from 
our current thinking around solutions for isolated problems 
and towards transformative change and a more resilient 
future.
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Chapter 2

Six risk tipping 
points

Accelerating extinctions

Mountain glaciers melting

Space debris

Groundwater depletion

Unbearable heat

Uninsurable future
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A chain reaction to
ecosystem collapse 

Tipping point Accelerating extinctions
Throughout Earth’s history, many species have gone extinct. Extinction is a 
part of the evolutionary process that has shaped life on the planet, but often 
proceeds slowly over thousands to millions of years1. Unfortunately, through 
intense human activities such as land use change, overexploitation, climate 
change, pollution and introduction of invasive species, we have put our foot 
on the extinction accelerator. The current rate of species extinction is at 
least tens to hundreds of times higher than usual due to human influence2 3, 
with drastic consequences for all life on our planet.

Ecosystems are built on intricate networks of connections between different 
species. As such, the real risk of extinction may be much greater than we 
realize, especially as many species are highly interconnected and form 
strong, unique bonds with other species. The disappearance of such an 
organism has ripple effects throughout the ecosystem and could trigger a 
“co-extinction” — the extinction of dependent species — setting off a chain 
reaction of extinctions that could end in the ecosystem’s collapse. In short, 
extinction breeds extinction.

Thus, with almost 1 million plant and animal species currently threatened 
with extinction3, it is not “just” about the loss of a single species but of 
countless others. For example, the gopher tortoise, which is threatened 
with extinction, digs burrows that are used by more than 350 other species4 
for breeding, feeding, protection from predators and avoiding extreme 
temperatures. The critically endangered dusky gopher frog, which helps 
control insect populations and prevent pest outbreaks in longleaf pine forest 
ponds, relies extensively on these burrows for survival. If the gopher tortoise 
goes extinct, the dusky gopher frog will likely follow, affecting the entire 
forest ecosystem. Similarly, predators like sea otters, a locally endangered 
species due to overhunting, help balance Pacific kelp forests by feeding on 
sea urchins. Without otters, the urchins overgraze the kelp, creating “urchin 
barrens” or patches where the kelp forest is invaded and essentially wiped 
out. The shelter, food and protection provided by kelp would be lost for over 
1,000 species5, including sharks, turtles, seals, whales, birds, fish and more, 
with a cascade of extinctions likely to follow.

In the vast web of life, the extinction of one species cuts multiple threads 
that hold the world together. As these links become fewer and thinner, 
the reduced resilience of ecosystems can lead to a state of instability, in 
which even minor changes can cause a catastrophic collapse. Our current 
approach to conservation is often single-species focused, ignoring the 
intricate interrelationships among species and the fragility of dependent 
species and ecosystems. As a result, the true impact of extinction on our 
critical life-support systems is vastly underestimated. We must intensify 
efforts to conserve not only target species, but also dependent species. We 
must act quickly and decisively to protect and conserve ecosystems and 
the biodiversity they support. Nature should also be reintegrated into our 
culture, to understand that its value goes beyond our desire for money and 
development. This approach will maintain the resilience of ecosystems and 
ensure the survival of our planet’s living webs.

Tipping point: The extinction of a strongly connected species in a given 
ecosystem can trigger cascading extinctions of dependent species, 
which can eventually lead to ecosystem collapse. 

Pollinators like the endangered monarch butterfly play a vital role in our natural 
ecosystems and food systems. © Chris F / Unsplash 

1Ceballos and others, 2020
2De Vos and others, 2015
3IPBES, 2019
4FWC, 2023
5USNPS, 2023

12

400+
vertebrate species extinct in the last 100 years1

32 million ha
of primary or recovering forest lost between 
2010 and 20153

1 million
plant and animal species threatened with 
extinction, many of them within decades3

Key numbers: 
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Tipping point Accelerating extinctions

14

Increasing risk = 
Increasing environmental 
degradation and habitat loss
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Resulting cascading 
extinctions leading to 
ecosystem collapse
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Shared root cause with: 

Expanding over an area for economic 
or strategic exploitation that leads to 
degradation of Earth’s environment 
and orbits

Colonialism

Space debris

Shared driver with: 

Agricultural intensification 
and expansion increases risk 
to groundwater resources and 
vulnerable species

Risk-intensifying land use

Groundwater depletion

Shared impact with: 

Habitat fragmentation, environmental 
degradation and other physical 
disturbances compromise ecosystem 
health, triggering both species decline 
and landscape transformations

Ecosystem damage and biodiversity loss

Unbearable heat

Mountain glaciers melting

Groundwater depletion

Direct influence on:

Uninsurable future

As cascading extinctions lead to 
degraded ecosystems, we lose 
services that can be valuable for 
disaster protection, raising risk and 
exacerbating uninsurability

Key interconnections:

1717

Flowers from the botanical park “Library of Trees” appear below the Vertical Forest 
(Bosco Verticale) high-rise complex in Milan, Italy. © Miguel Medina / AFP
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Groundwater depletion
Groundwater is an essential freshwater resource stored in underground 
reservoirs called “aquifers”. These aquifers supply drinking water to 
over 2 billion people and around 70 per cent of withdrawals are used for 
agriculture. However, 21 out of 37 of the world’s major aquifers are being 
depleted faster than they can be replenished1. The water stored in aquifers 
often has accumulated over thousands of years and would equally take 
thousands of years to fully recharge, making it essentially a non-renewable 
resource. In these at-risk aquifers, lives and livelihoods are put on the line as 
the water level drops further and further out of reach.

Some places in the world have already extracted significant amounts of 
their groundwater resources. For example, Saudi Arabia once sat atop one 
of the world’s largest aquifer systems and, in the 1970s, used it to make the 
desert a productive oasis. By the mid-1990s, farmers were pumping around 
19 trillion litres per year, and Saudi Arabia became the world’s sixth-largest 
wheat exporter2. This vast overextraction is estimated to have depleted over 
80 per cent of the aquifer3, prompting the Saudi government to announce 
the 2016 wheat harvest as its last. Now, to feed the country’s 30+ million 
people, Saudi Arabia must rely on crops imported from other countries. 

A strong relationship between groundwater and global food production 
means that local problems can quickly have far-reaching consequences. 
For example, the High Plains aquifer in the United States supplies one third 
of all groundwater for irrigation used in the country and supports over $35 
billion worth of crops such as wheat and soy. However, as unsustainable 
groundwater extraction continues, around 40 per cent of the aquifer’s area 
will not support irrigation by the year 21004. Since the United States exports 
almost half of its groundwater-dependent crops to other countries, places 
like Mexico, China and Japan will also suffer the impacts. Additionally, India 
is the world’s largest user of groundwater, exceeding the use of the United 
States and China combined. The north-western region of India serves as 
the breadbasket for the nation’s growing 1.4 billion people, with the states 
of Punjab and Haryana producing 50 per cent of the country’s rice supply 
and 85 per cent of its wheat stocks5. However, 78 per cent of wells in Punjab 
are considered overexploited6, and the north-western region as a whole is 
predicted to experience critically low groundwater availability by 2025.

Agricultural intensification combined with new technologies and policies 
that make groundwater cheaper to use has accelerated extraction rates, 
leading to alarming levels of aquifer depletion. We can no longer consider 
groundwater as a boundless source of easily-accessible freshwater. Instead, 
we can now see that it has limits and is becoming increasingly inaccessible, 
with worrying implications for its use as a coping mechanism when rains 
fail. We need drastic changes in our global agricultural system to be mindful 
of the limits of groundwater systems and our ability to access this water. 
We need regulations and technologies to ensure the sustainable use of 
groundwater and preserve this resource for when we need it most.

Tipping point: When the water table in a given aquifer drops consistently 
below the well depth, access to groundwater will become problematic, 
increasing the risk for farmers to be unable to irrigate their crops.

21 of 37
of the world’s largest aquifers being depleted 
faster than they can be replenished1

70%
of global groundwater withdrawals used for 
agricultural production

2 billion
people relying on groundwater as a primary 
source of freshwater

Key numbers: 

A tractor kicks up dust as it plows a dry field in May 2021, California, USA. As the 
state enters an extreme drought emergency, water is starting to become scarce in 
California’s Central Valley, one of the most productive agricultural regions in the world. 
© Justin Sullivan / Getty Images / AFP
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1 Richey and others, 2015
2 Halverson, 2015
3 Novo, 2019
4 Haacker and others, 2016
5 Shiao and others, 2015
6 Ministry of Jal Shakti, 2021

Tipping point

Draining our water, 
risking our food supply
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Groundwater depletion

20 21

Tipping point

Increasing risk = 
More groundwater is 
extracted than is able to be 
recharged 

Tipped = 
Access to groundwater is 
unavailable 
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Drivers

Insufficient future planning

Risk-intensifying land use Lack of information

Lack of regulations/enforcement

Root causes

Insufficient risk management

Prioritizing profitsInsufficient cooperation

Global demand pressures

Impacts

Livelihood loss

Loss of safety Food insecurity

Migration/displacement

Ecosystem damage and biodiversity loss

Water insecurity
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Key interconnections:

Shared root cause with: 

Increasing demand for resources and 
goods increases risk for species and 
our satellite and irrigation infrastructure

Space debris

Accelerating extinctions

Global demand pressures

Shared driver with: 

Agricultural intensification 
and expansion increases risk 
to groundwater resources and 
vulnerable species

Risk-intensifying land use

Accelerating extinctions

Shared impact with: 

Loss of risk management or 
monitoring tools leads to loss of 
safety and security

Loss of safety

Uninsurable future

Mountain glaciers melting

Space debris

Direct influence on:

Unbearable heat

Groundwater has a cooling effect 
on land and the atmosphere, but its 
moderating effect during a heatwave 
is decreased as the groundwater 
table falls
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An eco-friendly check dam is used to to harvest rain water for irrigation in Rajasthan, 
India. © Govindasamy Agoramoorthy / Shutterstock
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Running on thin ice

Tipping point Mountain glaciers melting
On top of the world’s highest mountains, glaciers act as “water towers” by 
storing fresh water. Meltwater from glaciers and snow supplies water for 
drinking, irrigation, hydropower and ecosystems to entire regions. Glaciers 
retreat when the ice mass that formed many years ago melts faster than 
snow can replace. Due to global warming, the world’s glaciers are melting 
at double the speed they had in the past two decades. Between 2000 
and 2019, glaciers lost 267 gigatons of ice per year1, roughly equivalent to 
the mass of 46,500 Great Pyramids of Giza. In a warming world, we are 
projected to lose around 50 per cent of glaciers (excluding Greenland and 
Antarctica) by 2100, even if global warming can be limited to 1.5°C2. 

As a glacier begins to retreat, its ice gradually melts and increases the 
amount of water flowing to the river basin. With more meltwater, the 
risk of flooding downstream increases. In some cases, this can lead to 
“glacial lake outburst floods”, in which a natural dam fails and suddenly 
releases meltwater with devastating consequences. Eventually, the glacier 
experiences its highest amount of melting and produces the maximum 
volume of water run-off, known as “peak water”. After this point, freshwater 
availability will steadily decline. Peak water has already been passed or is 
expected to occur within the next 10 years in basins dominated by small 
glaciers like those in Central Europe, western Canada or South America. 
Even the glaciers on the highest peaks, such as those in the high mountains 
of Asia, are predicted to reach peak water around the middle of this century. 
As such, the 90,000+ glaciers of the Himalayas, Karakorum and Hindu Kush 
mountains are at risk, and so are the nearly 870 million people that rely on 
them3.

Meltwater is often used to compensate for the lack of rain during dry 
seasons. As glaciers shrink, this potential is diminished, meaning that 
mountain communities and their downstream counterparts will have to 
radically shift how they manage water resources. In the Andes, where peak 
water has already passed for many glaciers, communities are grappling with 
the impacts of unreliable water sources from both the glaciers and climate 
change-induced difference in rainfall. For example, the Quelccaya glacier 
in Peru was once the world’s largest tropical ice cap, but it has shrunk by 
31 per cent in the last 30 years4, contributing to periodic water scarcity in 
the dry season and widespread impacts. Villagers living at the foot of the 
Quelccaya glacier, for instance, lost up to one third of their alpacas during 
a drought in 2021. The loss of glaciers is also a loss of iconic features in 
many mountain areas that has several tangible and intangible negative 
consequences for livelihoods, economies and heritage.

Glacier retreat is a call for action to take urgent measures to reduce 
greenhouse gas emissions. These glaciers are natural wonders and are 
essential for the survival and well-being of many communities who will 
have to adapt to a warmer and more unpredictable climate with direct 
consequences for their livelihoods and their access to water.

Tipping point: When glaciers retreat, long-term ice storage melts and is 
gradually released as meltwater. Initially, the volume of water released 
increases until a maximum is reached, known as peak water. After 
this tipping point, glacier meltwater volume decreases as the glacier 
continues to shrink with effects on freshwater availability for humans 
and other species.

267 gigatons
of ice lost from glaciers between 2000  and 
20191

50%
of world’s glaciers projected to be lost by 21002

1.9 billion
people at risk of negative effects due to glacier 
retreat5

Key numbers: 
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1 Hugonnet and others, 2021
2 Rounce and others, 2023
3 Nie and others, 2021
4 University at Albany, 2018
5 Immerzeel and others, 2020

A mountain glacier in the Himalayan region. 
© Chirag-Saini YuJui / Unsplash
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Mountain glaciers melting

26 27

Tipping point

Increasing risk = 
Increasing global temperatures 
melt glaciers faster than they 
can grow back 

Tipped = 
Glacier meltwater will steadily 
decrease, reducing freshwater 
availability
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Drivers

Insufficient future planning

Atmospheric/ocean warming

Lack of information

Root causes

Insufficient risk management

Human-induced greenhouse gas emissions

Impacts

Livelihood loss

Loss of safety

Food insecurity

Cultural heritage lossMigration/displacement

Ecosystem damage and biodiversity loss

Water insecurity

Infrastructure damage Loss of opportunities
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Shared root cause with: 

Continued anthropogenic 
greenhouse gas emissions increase 
global temperatures, accelerating 
unfavourable conditions for physical, 
natural and human systems   

Human-induced greenhouse gas emissions

Accelerating extinctions

Uninsurable future

Unbearable heat

Shared driver with: 

Insufficient or inaccurate data and 
models to estimate the true extent 
of the risk species, water systems or 
human settlements are facing 

Lack of information

Uninsurable future 

Groundwater depletion

Accelerating extinctions

Shared impact with: 

Loss or damage to physical or 
intangible attributes that provide 
cultural meaning, knowledge and 
belonging

Cultural heritage loss

Accelerating extinctions 

Space debris

Direct influence on:

Accelerating extinctions 

Glacier retreat will change ecosystems 
in ways that threaten various species 
and increase the risk of extinctions

Key interconnections:
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An ice stupa, which acts as an artificial glacier, stands in the middle of the cold desert 
of Ladakh, India. © Naveen Macro / Shutterstock
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Losing our eyes  
in the sky

Tipping point Space debris
Thousands of satellites orbit the Earth, gathering and distributing vital 
information for weather monitoring, disaster early warning systems and 
communications. Recent technological advancements have made it easier 
and more affordable for countries, companies and even individuals to put 
satellites into space. Satellites make our lives safer, more convenient and 
connected, and represent critical infrastructure that is now essential for 
a functioning society. However, as the number of satellites increases, so 
does the problem of space debris, which poses a threat to both functioning 
satellites and the future of our orbit.

Space debris consists of various objects, from minuscule flecks of paint 
to massive chunks of metal. Out of 34,260 objects tracked in orbit, only 
around 25 per cent are working satellites  while the rest are junk, such as 
broken satellites or discarded rocket stages1. Additionally, there are likely 
around 130 million pieces of debris too small to be tracked, measuring 
between 1 mm and 1 cm1. Given that these objects travel over 25,000 
kilometres per hour2, even the smallest debris can cause significant 
damage. Each piece of debris becomes an obstacle in the orbital “highway”, 
making it increasingly difficult for functional satellites to avoid collisions.

The danger is more than just theoretical. In 2009, a collision between a 
defunct satellite and an active communications satellite created thousands 
of debris pieces that still orbit Earth today. This debris can impact 
other objects, such as the International Space Station, which conducts 
manoeuvres around once per year to avoid such debris3. Satellites can be 
warned of impending collisions; in fact, the European Sentinel-2 satellite 
registered more than 8,000 alerts between 2015 and 20174. Collision 
avoidance even between active satellites can also be difficult since agencies 
often need to communicate and quickly come to agreements. For example, 
in 2019, a European Space Agency satellite had to perform an emergency 
manoeuvre to avoid colliding with a communications satellite after an 
agreement with the operator could not be reached.

More than 100,000 new spacecraft could be launched into orbit by 20305, 
compared to the approximately 8,000 we have now. As more satellites are 
launched, the orbit becomes more crowded, increasing the risk of collisions. 
Each collision creates millions more pieces of debris, which can then collide 
with other debris or satellites, creating even more shrapnel. Eventually, this 
will reach a point where one crash sets off a chain reaction, causing our orbit 
to become so dense with shrapnel that it becomes unusable. The existing 
space infrastructure would eventually be destroyed and future activities in 
space could become impossible.

Space is the final frontier, and with countries and companies racing to stake 
their claim, we must consider what kind of future we want to create. If we 
continue on the current trajectory, we risk sacrificing Earth’s orbits and 
the opportunities they offer to society now and in the future. Importantly, 
we must regulate space launches more strictly and ensure that satellites 
and other spacecraft are disposed of responsibly, while also investing in 
technologies for tracking and removing orbital debris. By coming together 
as a global community to treat Earth’s orbits as a precious common good, 
we can safeguard our future in space before it is too late.

Tipping point: When there is a critical density of objects in orbit around 
Earth, such that one collision between two objects can set off a chain 
reaction, it will cause our orbit to become so dense with shrapnel that 
it becomes unusable. This would threaten our ability to monitor, for 
example, the weather and environmental changes, and to receive early 
disaster warnings.

8,300
functioning satellites in orbit1

34,260
tracked objects in orbit1

25,000 km/hr
travel speed2

Key numbers: 

Hurricane Ian moves through the Caribbean Sea in September 2022, 
just south of Cuba. © NASA via Getty Images / AFP

1 ESA, 2023
2 Mukherjee, 2021
3 NASA Orbital Debris Program Office, 2022
4 Undseth and others, 2020
5 Pardini and Anselmo, 2021
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Space debris

32 33

Tipping point

Increasing risk = 
Increasing number of objects in 
orbit around Earth

Tipped = 
Collisions result in a large 
number of fragments, 
rendering the orbit unusable
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Drivers

Insufficient future planning

Lack of regulations/enforcement

Insufficient risk management Global demand pressures

Insufficient cooperation Prioritizing profits

Colonialism

Pollution

Root causes

Loss of safety

Infrastructure damage Loss of opportunities

Impacts

Cultural heritage loss
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Key interconnections:

Shared impact with: 

Loss of risk management or monitoring 
tools leads to loss of safety and 
security

Loss of safety

Uninsurable future 

Mountain glaciers melting

Groundwater depletion

Shared root cause with: 

Increasing demand for resources and 
goods increases risk for species and 
our satellite and irrigation infrastructure

Global demand pressures

Accelerating extinctions 

Groundwater depletion

Shared driver with: 

Increasing amounts of pollutants in 
our environment puts pressure on both 
species and satellite infrastructure

Pollution

Accelerating extinctions
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Three people gaze at the Milky Way at Nanjizal Beach, United Kingdom.  
© Benjamin Davies / Unsplash
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Living in the unliveable

Tipping point Unbearable heat
Human-induced climate change is causing a global rise in temperatures, 
leading to more frequent and intense heatwaves with severe impacts. 
Extreme heat was already responsible for an average of 500,000 excess 
deaths annually in the last two decades1, disproportionately affecting the 
most vulnerable. High humidity exacerbates heat impacts by hindering 
the evaporation of sweat, which is the body’s mechanism to cool off. To 
understand these high heat stress conditions, scientists use a measurement 
called wet-bulb temperature, which combines temperature and humidity. If 
the wet-bulb temperature exceeds 35°C (95°F) for more than six hours, the 
average person’s body will be unable to cool itself off by evaporating sweat 
and maintain a stable core body temperature. This can result in organ failure 
and brain damage if the situation is not improved.

Currently, wet-bulb temperatures have crossed this critical threshold in 
at least two weather stations, one in the Persian Gulf and one in the Indus 
River Basin. Jacobabad, Pakistan, known as one of the hottest cities on 
Earth, has experienced this occurrence at least twice since 20102. Although 
these instances have been limited to only a few hours each, their frequency 
is increasing. For example, during a 2023 heatwave in India, wet-bulb 
temperatures went above 34°C3. Research indicates that by 2070, parts 
of South Asia and the Middle East will regularly surpass this threshold. 
Currently, around 30 per cent of the global population is exposed to deadly 
climate conditions for at least 20 days per year, and this number could rise 
to over 70 per cent by 21004.

Importantly, 35°C wet-bulb temperature is the upper limit of what humans 
can survive. Impacts can be felt at much lower temperatures, varying greatly 
depending on who people are, where they live and the work they do. For 
example, the 2021 heatwave that registered over 600 heat-related deaths 
in British Columbia reached a wet-bulb temperature of just 25°C5. Older 
adults, young children and individuals with specific medical conditions 
are more susceptible to the effects of extreme heat. Occupations such as 
construction work, farming or working in hot kitchens expose individuals 
to additional heat from the environment or physical activity. Similarly, 
socioeconomic conditions can affect vulnerability: in the same city on 
the same day, the difference between an air-conditioned room and living 
quarters under a tin roof can be fatal.

Solutions to this problem are not easy, and while cutting greenhouse gas 
emissions is key, it will not be enough. The reality is that we are quickly 
approaching a tipping point past which people will not survive. Much of the 
discussion on the topic has focused on how people will move away from 
unbearably hot areas. However, many people will not be able to escape 
these conditions and will be trapped due to work or social obligations, 
financial or political limitations or disabilities. Consequently, adaptation 
solutions must also be implemented where people live now, including 
changing our environments, homes and behaviours. It is crucial for people, 
communities and governments to prepare and provide support to help take 
care of individuals who are trapped in the unliveable. 

Tipping point: Being exposed to above 35°C wet-bulb temperature for 
longer than six hours will result in a healthy, young, resting adult in the 
shade and wind suffering extreme health consequences. This threshold 
becomes far lower as other factors are considered, such as age, medical 
conditions or activity level. 

500,000
excess deaths annually attributed to heat from 
2000–20191

35oC
maximum wet-bulb temperature from which 
humans can survive2

30%
of global population exposed to deadly climate 
conditions at least 20 days per year4

Key numbers: 
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1 Zhao and others, 2021
2 Greenfield and Dickie, 2022
3 Travelli and Kumar, 2023
4 Mora and others, 2017
5 Buis, 2022

A man carrying his son walks with an umbrella during a heatwave in Yangon, Myanmar, 
in April 2023. © Sai Aung Main / AFP
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Unbearable heat
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Tipping point

Increasing risk = 
Environmental conditions 
becoming increasingly hot  
and humid

Tipped = 
Human body is unable to 
regulate internal temperature
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Drivers

Insufficient future planning

Atmospheric/ocean warming

Risk-intensifying land use

Insufficient risk management

Human-induced greenhouse gas emissions

Inequality of development and livelihood opportunities

Living and working in at-risk areas

Root causes

Ecosystem damage and biodiversity loss

Health impacts Loss of life

Impacts

Livelihood loss Migration/displacement
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Shared root cause with: 

Continued anthropogenic 
greenhouse gas emissions increase 
global temperatures, accelerating 
unfavourable conditions for physical, 
natural and human systems    

Human-induced greenhouse gas emissions

Accelerating extinctions  

Uninsurable future

Mountain glaciers melting

Shared impact with: 

Some people may choose or are 
pushed to move temporarily or 
permanently to new, ideally less risky, 
locations

Migration/displacement

Uninsurable future 

Mountain glaciers melting

Groundwater depletion

Shared driver with: 

People move to or remain in places that 
expose them to increased risk due to 
social or economic pressures

Living and working in at-risk areas

Uninsurable future 

Direct influence on:

Accelerating extinctions 

Increasing heat and humidity not only 
impacts humans, but many other 
species who may be unable to survive 
extreme conditions

Key interconnections:
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The metro passes by a green corridor in Medellin, Colombia, in June 2021 
© Joaquin Sarmiento / AFP



42 43

With rising risks, insurance 
becomes unreachable

Tipping point Uninsurable future
As extreme weather events around the world become more frequent and 
severe, so too has the cost of the damage they inflict. Since the 1970s, 
damages as a result of weather-related disasters have increased sevenfold, 
with 2022 alone seeing $313 billion in global economic losses1. Insurance is 
used to safeguard people against the risk of losses as a result of damages 
during disasters, with the cost based on the probability of such losses 
occurring. Climate change is dramatically shifting the landscape of risks, 
with the number of severe and frequent disasters forecast to double 
globally by 20402, causing insurance prices to rise. In places where extreme 
weather events increasingly wreak havoc, homeowners have seen prices 
climb by as much as 57 per cent since 20153, and people are struggling to 
afford coverage. Meanwhile, in the face of rising losses, some insurance 
companies in at-risk areas have decided to limit the amount or type of 
damages they can cover, cancel policies or leave the market altogether. 
Once insurance is no longer offered against certain risks (accessibility), 
in certain areas (availability) or at a reasonable price for homeowners 
(affordability), these areas are considered “uninsurable”. In Australia, for 
example, approximately 520,940 homes are predicted to be uninsurable by 
2030, primarily due to increasing flood risk4.

Despite this precarious situation, population growth and development 
continue in risky areas, as social and economic pressures influence more 
people to flock to places along the coasts, rivers, floodplains and wildland-
urban interfaces. Such areas are increasingly prone to extreme weather 
events, putting more people and property in harm’s way. At the same time, 
the number and size of at-risk areas are predicted to expand as climate 
change shifts the range of hazards like wildfires and storms into new areas.

Without the ability to access insurance, people are exposed to drastic 
financial losses, and may also find it difficult to buy or sell uninsurable 
homes, affecting the stability of housing markets. The impacts go far 
beyond economic risk, however. The risk of rising inequality grows as 
people who are able to will likely move away. Those already vulnerable 
will be forced to stay and, in addition to those who come seeking cheaper 
housing in these areas, will face increasingly extreme events without 
insurance coverage. While efforts to address the issue of uninsurability have 
traditionally looked to economic solutions, such as government subsidies, 
to support affordability, relatively little attention has been given to reducing 
the underlying risks that have been escalating unchecked. Insurance can 
be a valuable tool to manage our risk when hazards strike; however, it has 
limits when the risks are too high. As such, insurance is most useful when 
used in combination with other risk reduction measures, and should not 
be perceived as a license to live in hazardous situations. Transformative 
approaches to tackle the underlying social and environmental drivers of 
risk are needed before we lose access to a valuable safety net when we 
need it most.

Tipping point: Increasingly severe hazards drive up the costs of 
insurance until it is no longer accessible or affordable. Once this point is 
passed, people are left without an economic safety net when disasters 
strike, opening the door to cascading socioeconomic impacts in  
high-risk areas.

$313 billion
in global economic losses from disasters in 20221

520,940
homes predicted to become uninsurable by 
2030 in Australia alone, due to climate change 
impacts4 

Key numbers: 

7-fold
increase in the cost of disasters globally since 
the 1970s5 
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1 AON plc, 2023
2 Swiss Re Institute, 2021
3 Kamin, 2023
4 Hutley and others, 2022
5 WMO, 2021

Woman standing outside her house that was destroyed during the floods  in the New 
South Wales town of Lismore, in May 2022. © Patrick Hamilton / AFP
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Uninsurable future

44 45

Tipping point

Increasing risk = 
Reducing access to coverage 
and rapidly escalating prices in 
at-risk areas

Tipped = 
Homeowners and businesses 
without options for coverage 
to offset their risk to 
increasing hazards
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Insufficient future planning

Atmospheric/ocean warming

Risk-intensifying land use

Lack of information

Insufficient risk management

Human-induced greenhouse gas emissions

Inequality of development and livelihood opportunities

Living and working in at-risk areas

Root causes

Loss of safety

Impacts

Migration/displacement

Drivers
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Key interconnections:

Shared root cause with: 

Continued anthropogenic 
greenhouse gas emissions increase 
global temperatures, accelerating 
unfavourable conditions for physical, 
natural and human systems   

Human-induced greenhouse gas emissions

Accelerating extinctions  

Mountain glaciers melting

Unbearable heat

Shared impact with: 

Loss of risk management or monitoring 
tools leads to loss of safety and 
security

Loss of safety

Mountain glaciers melting  

Space debris

Groundwater depletion

Shared driver with: 

People move to or remain in places that 
expose them to increased risk due to 
social or economic pressures

Living and working in at-risk areas

Unbearable heat  
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Grazing goats are used as an environmentally friendly way to clear away dry grass and 
brush to reduce fire danger on properties in Walnut Creek, California. © Justin Sullivan 
/ Getty Images / AFP
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Chapter 3

Risk tipping
points

“Thresholds are dangerous 
places… and walking 
across one is like stepping 
off the edge of a cliff in 
the naive faith that you’ll 
sprout wings halfway 
down.”
— Alix E. Harrow

The concept of tipping points has been used across 
disciplines for decades, from ecology and sociology to 
chemistry and climate science. As such, multiple definitions 
and terms describe the concept, including “critical 
transitions”, “regime shifts” and “ecological thresholds”. 
In general, these different fields of study examine abrupt 
changes in the state of a system after crossing a certain 
threshold (Milkoreit and others, 2018). Ecological thresholds, 
or ecological tipping points, refer to rapid regime shifts 
in ecosystems through small perturbations over time or 
a large-scale shock to the system (van Ginkel and others, 
2020). One such well-documented example is a regime shift 
in lakes and ponds resulting from the excessive input of 
nutrients, such as phosphorus or nitrogen, which transforms 
the ecosystem from a clear-water state, in which aquatic 
plants dominate, to a turbid state, in which microalgae 
dominate (Scheffer and others, 1993; Gilarranz and others, 
2022). Climate tipping points apply to elements of Earth’s 
climate system, including the Greenland Ice Sheet and 
the Amazon rainforest, that transition to a different state 
through minor disruptions that impact the state of global 
climate (Lenton and others, 2008; Armstrong McKay and 
others, 2022). The “tipping point” is the corresponding 
threshold at which the state of the system is fundamentally 
altered, such as when the Greenland ice sheet melts or when 
the Amazon rainforest transitions to a dryland savannah 
(Lenton and others, 2008). Moreover, these effects are not 
confined to a single system due to the interconnectivity 
and feedback loops between various systems. When one 
system tips, it is likely to have cascading effects, potentially 
destabilizing other systems that share interconnected 
elements (Steffen and others, 2018; Klose and others, 2020; 
Liu and others, 2023). It is important to highlight that our 
climate and ecological systems are inseparable from our 
society, emphasizing the unity of humans and nature in our 
socioecological systems (Berkes and others, 1998) and the 
role of human agency in influencing climate and ecological 
systems (Graham and others, 2023).

Additionally, there are substantial impacts on human 
well-being after a system has tipped. For example, when 
the extinction of a species leads to ecosystem collapse, 
people may lose key food sources or other ecosystem 
services they depend on (Halpern, 2017). While much of the 
existing literature examines physical tipping points, social 
systems have also recently been shown to undergo “tipping” 
behaviour. However, they do not act in the same way as 
physical systems, and are much more unpredictable as 
people’s choices and behaviours are diverse across time and 
space (Juhola and others, 2022). Social tipping points have 
often been discussed in the context of social movements, 
where a new idea or technology shifts from being taken 
up by a minority to a majority of the population (van Ginkel 
and others, 2020). However, more relevant here is the 
discussion of thresholds and limits in social systems. An 
adaptation limit, for example, represents the point at which 
an intolerable risk prevents a stakeholder from securing a 
valued objective through adaptive action (Juhola and others, 
2022). Relatedly, the concept of adaptation tipping points or 
turning points are used in the climate science field to define 
the conditions under which a policy or management strategy 
is no longer sufficient to address the magnitude of the 
effects of climate change, and corrective action is required 
(Werners and others, 2015; van Ginkel and others, 2020). 

Section 3.1 Background

A young Tibetan woman carries her baby at the Nojin 
Kangsang glacier, Tibet Autonomous Region of the 
People’s Republic of China, in February 2007. 
© Peter Parks / AFP
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Section 3.2 Conceptual framing of risk tipping points

In this report, we expand on these concepts to define risk 
tipping points.  A risk tipping point is defined as the point at 
which a given socioecological system ceases to buffer risks 
and to provide its expected functions, after which the risk of 
catastrophic impacts to the system increases substantially. 
Risk in a given socioecological system increases in such 
a way that once a certain physical or social threshold is 
passed, it leads the system, often irreversibly, into a riskier 
state, likely with immediate, severe consequences for the 
environment and human security. The new, riskier state is 
functionally very different from the previous state in which 
known, proven risk reduction strategies may no longer apply.
 
To understand risk tipping points, we first need to look at 
the increasing risk in a certain, defined system undergoing 
change, the tipping point at which a system shift occurs 
and the actual changes that take place in the system after 
surpassing the tipping point. In this context, our risk can be 
defined as the potential for adverse consequences to our 
socioecological systems, determined by the severity of the 
threat and our level of exposure and vulnerability to it (IPCC, 
2021). Once we pass certain critical tipping points, the threat 
becomes more severe or there is an increase in the exposure 
and vulnerability of individuals, ecosystems or societies to be 
affected. In the case of Groundwater depletion, the risk of 
overexploitation of groundwater resources increases as we 
extract water from aquifers faster than it can be replenished, 
until eventually water can no longer be extracted for 
irrigation. This depletion results in the increased potential 
for impacts on our food production systems that rely on that 
groundwater.

Different from the classic definition of a tipping point, the 
systems undergoing change are not necessarily Earth 
systems themselves, such as hydrological cycles or climate 
patterns, but the socioecological systems dependent on 
their functioning. For instance, there may be a biophysical 
limit when the depletion of an aquifer causes the 
hydrological system to undergo tipping behaviour. However, 
when discussing the Groundwater depletion risk tipping 
point discussed in this report, the system that tips is the 
socioecological system reliant on groundwater resources 
— in this case, our groundwater-dependent agricultural 
irrigation system. 

Tipping points are identified as critical points at one part of 
the socioecological system at which these systems cease 
to provide their expected functions. Past a certain point, 
a system can no longer maintain the current expectations 
without undergoing significant change to either the system 
or to the expectations. With Groundwater depletion, the 
point at which the irrigation-based agricultural system stops 
functioning as expected would be when the water is no 
longer reachable by the existing irrigation infrastructure. This 
tipping point is likely to be crossed by different people or 
places at different times. In fact, in some cases, the tipping 
point has already passed in one area but not yet in others. 

The changes that occur after reaching the tipping point 
are not only physical changes, but also changes primarily 
to the level of risk in our system. Beyond the tipping point, 
given our current trajectory, risk to the system becomes 
substantially higher, increasing the likelihood of cascading 
effects and adverse impacts for people and the planet. In the 
case of Groundwater depletion, after crossing the tipping 
point, a farmer would be unable to irrigate their crops with 
groundwater. As such, crops would either fail completely 
or rely on other means of irrigation, such as rain, a much 
riskier proposition with the unpredictability of future weather 
patterns under climate change conditions. Either way, past 
this tipping point, there is an increased risk of crop failure, 
and the people dependent on those crops could lose their 
livelihoods or food security. Importantly, the riskier future 
after the tipping point is experienced not only by those 
directly affected by its impacts, in this case farmers, but 
also by the social and environmental systems they are 
interconnected with. The risks would cascade through food 
systems, economies, health systems, ecosystems and 
communities that are forced to contend with the drastic 
changes to agriculture without groundwater.

These components can be seen in each of our six risk 
tipping points. For example, in the case of Space debris, the 
system at risk is our space-based infrastructure, including 
weather forecasting, climate monitoring, disaster early 
warning, satellite internet and telecommunications (Undseth 
and others, 2020). Once our orbits become so congested 
and polluted with satellite and rocket debris, we will reach 
a tipping point, a critical density of objects in orbit around 
Earth, such that one collision between two objects can 
set off a chain reaction. This would mean that objects and 
debris crash into each other, creating more debris that 
crashes into more objects until our satellite infrastructure will 
eventually be completely destroyed (Kessler, 2000). After 
this point, our orbits would change to become unusable, 
filled with millions of shards of debris that could damage or 
destroy any future object launched into space, eliminating 
our ability to gather and distribute information from space 
(Greenbaum, 2020; Clormann and Klimburg-Witjes, 2022). 

Importantly, many of these risk tipping points do not 
necessarily represent a final, irreversible point of no return. 
Though irreversibility is a key component of many tipping 
point definitions, this characteristic cannot always be 
interpreted literally. For example, it is not impossible for 
groundwater aquifers to sufficiently recharge to be reachable 
again by existing irrigation infrastructure. However, 
considering our current trajectory, under a business-as-
usual lens, it is unlikely that these changes will be reversed 
in a policy- or intervention-relevant timescale (Lenton and 
others, 2008; Milkoreit and others, 2018). For Groundwater 
depletion, in some shallow aquifers, it may take less than 
a decade to recharge naturally, while for others it may take 
thousands of years (Little, 2009; Schreiner-McGraw and 
Ajami, 2021). For other tipping points, the eventual changes 

may only potentially be irreversible. In the case of Space 
debris, if we were to pass the tipping point and our orbit 
became unusable from the amount of debris, we currently 
have no means to reverse it. There is some indication that 
future technology could be developed to clean up our orbit, 
but it is not yet possible (Boag, 2019). However, considering 
that large-scale Earth system changes, such as climate 
change, are driving some of these tipping points, reversing 
them will likely be impossible without comparable large-
scale changes (Reyers and others, 2018). For example, 
getting to an environment where Melting mountain 
glaciers grow instead of shrink would necessitate a return 
to a planetary glaciation cycle, the next of which has been 
postponed thousands of years beyond its natural occurrence 
due to human-induced global warming (Ganopolski and 
others, 2016; Steffen and others, 2018). Even if we did 
manage to counteract the global-scale processes in motion, 
we would likely not return to the same state as before and 
would therefore still experience some sort of irreversible loss. 
With Accelerating extinctions, we should do everything in 
our power to reduce the anthropogenic pressures on species 
and their habitats, but we will likely never get those species 
back once they go extinct. While removing the pressures 
could prevent some vulnerable species from going extinct 
and create an environment for new species to evolve, the 
loss of the species that came before would still haunt us.

Luckily, even if we pass a risk tipping point, there are likely 
still some options for risk to be reduced. However, it is 
important to keep in mind that not everyone will be able to 
access these options equally, particularly those that are most 
vulnerable. Fundamentally, the tipping point represents an 
obstacle that some may have the means to overcome, while 
others face constraints that limit their ability to minimize 
risk. In the case of Groundwater depletion, some people 
may have the capacity to dig deeper wells, supplement 
irrigation with other water sources or pursue other livelihood 
options. In the case of Unbearable heat or Uninsurable 
future, some will have the capacity to move to less risky 
areas or obtain sufficient tools to manage their risk. Others 
who may not have this capacity will have to shoulder the 
risk completely and suffer the consequences as they occur. 
As we approach the risk tipping point, the magnitude of the 
risks will increase while the potential impacts will worsen. 
Additionally, implementing interventions to mitigate these 
risks will become increasingly difficult. We do not have to 
wait until the tipping point is upon us to change. We can do 
so now to reduce risk and avert the worst impacts. 

Flames crest a hill threatening homes in Santa Clarita in Los Angeles County, 
California, in October 2003. © Robyn Beck / AFP



52 53

Section 3.3 Methodology

To select the risk tipping points for this report, we started 
with the question: What are some of the biggest risks facing 
our environment and human security? We considered these 
risks in broad categories, including unsustainable resource 
use, increasing frequency of environmental hazards, 
inequality in distribution and access to resources and failing 
risk management systems. We then examined systems 
that are subject to these risks, such as our agricultural 
system, human health and well-being, hydrological systems, 
ecosystems and other similar systems. We then performed 
extensive research to answer the fundamental question: 
At what point would the pressure from these risks cause 
the systems to stop functioning as expected? Once we 
identified these tipping points, it was also important for 
us to be able to communicate tangible, realistic impacts 
beyond the tipping points, as well as being able to convey 
interventions and solutions that we can implement to reduce 
our risk, both before and after reaching each tipping point. 
After making a repository of potential risk tipping points to 
discuss, we made the final selection, aiming for a diverse 
thematic spread, a wide range of impacted areas and timely 
relevance of the topic.

The concept of risk tipping points (Figure 1) shows how 
we are being pushed to the edge by an undercurrent of 
drivers, or trends and patterns in our global socioecological 
systems, including deforestation, atmospheric warming and 
lack of regulations. These drivers originate in our underlying 
behavioural patterns, policies, attitudes, beliefs and morals 
that we call root causes. These root causes and drivers 
have brought our systems to the point we are at today, with 
vulnerabilities built on the resulting systemic faults (see 
Chapter 4.1). If we choose to do nothing, we are headed over 
the tipping point and down a dangerous path into a riskier 
future, with likely severe and immediate impacts, particularly 
for the most vulnerable (see Chapter 4.2). However, we have 
the benefit of being able to see the tipping point coming and 
can choose to steer away from the tipping point toward a 
brighter, more sustainable path leading to a less risky future 
(see Chapter 5).

Figure 1: Risk tipping point — 
The path we are on now involves 
increasing risk until our systems reach 
tipping points, but taking alternative 
actions can delay or prevent this 
tipping point from being passed.

Business as usual

Integrated actions

Isolated actionsSystem transformation
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Chapter 4

Connecting 
the dots

Section 4.1 How did we get here?

"The world is a place that 
is so interconnected that 
what happens in another 
part of the world will 
impact us." 
— Anthony Fauci 

The six risk tipping points described in this report are the 
manifestation of broad patterns of emerging risks that the 
world is facing in many places, now or in the near future. 
Importantly, while we can somewhat easily recognize 
these patterns of risk as they occur in different places, 
they are just the tip of the iceberg. We must look below the 
surface to see the underlying conditions that created these 
risk tipping points in the first place. Importantly, though 
each risk tipping point represents a unique problem, they 
are interconnected through these common underlying 
conditions.

Section 4.1.1 Drivers

The proximal causes of risk tipping points reveal trends 
and patterns in their drivers — the more immediate factors 
that push us towards a tipping point, such as pollution or 
atmospheric warming. 

Insufficient future planning
(Lack of foresight to act on an oncoming 
problem)

(6/6)

Atmospheric /ocean warming
(Greenhouse gases trapping sunlight and 
warming the planet)

(4/6)

Risk-intensifying land use
(Ways of using land that intensifies an 
associated risk)

(4/6)

Lack of information
(Insufficient monitoring or inadequate 
models to estimate the extent of the 
problem)

(4/6)

Lack of regulations/enforcement
(Absence or ineffective enforcement 
of regulations connected to other risk 
drivers)

(3/6)

Pollution
(Any product or substance in a 
concentration harmful for human or 
environmental health)

(2/6)

Living and working in at-risk areas
(Exceptionally high exposure to risks as a 
result of a certain behaviour)

(2/6)

As shown in Table 1, some risk tipping points share similar 
drivers, illustrating how these specific patterns can manifest 
different outcomes depending on their different contexts. 
For example, increasing atmospheric and ocean warming 
not only drives Mountain glaciers melting and glacier 
retreat, but also causes more frequent and intense hazards, 
like storms or wildfires, that increases the likelihood of a 
place becoming Uninsurable. The way each of these drivers 
is related to the specific risk tipping points is explored 
further in their respective technical reports.

Among these interconnected drivers, several common 
themes emerged. First, by looking into the driver Risk-
intensifying land use, we can clearly see that the way we 
use and modify our landscapes is pushing us towards 
greater risk. For example, agricultural intensification, such 
as farmland expansion, increases groundwater withdrawals, 
exacerbating Groundwater depletion (Ao and others, 
2021), while also disrupting the relationships between 
strongly-connected species, leading to the risk of 
Accelerating extinctions (Morrison and others, 2020). 

Table 1 Shared drivers 2023 Shared tipping points

https://interconnectedrisks.org/download 
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Section 4.1.2 Root causes

While the drivers are pushing us towards the tipping points, 
the reasons why our systems are fundamentally at risk are 
rooted one layer deeper and are formed by our economic 
and political structures as well as our value systems. As 
shown in Table 2, the six tipping points are rooted in eight 

main root causes. Some of them are shared across most 
tipping points such as Insufficient risk management and 
Human-induced greenhouse gas emissions, highlighting 
how often these lead to risk and thus how important it is to 
recognize and address them.

Urban expansion also contributes to habitat loss, which is 
the dominant threat for the extinction of species (Kehoe and 
others, 2021), while also contributing to Unbearable heat, as 
increasing infrastructure built from concrete and asphalt in 
cities absorbs and retains more heat than the surrounding 
environment (Qian and others, 2022). Occasionally, this 
urbanization or other development can take place in risky 
areas, such as in the wildland-urban interface where wildfire 
risk is high (Radeloff and others, 2018), further exacerbating 
the likelihood that some homes will be Uninsurable (Flavelle 
and others, 2023). 

Additionally, the commonalities found in Insufficient future 
planning as a driver for multiple risk tipping points indicates 
a fundamental issue of risk perception, or people’s judgment 
about the characteristics and severity of a risk, made based 
on their personality, political orientation, cultural biases 
and level of knowledge (Douglas and Wildavsky, 1983). Risk 
perception can be seen as an outcome of the interaction 
between certainty and consent. When individuals are certain 
about the knowledge they have on a given topic as well 
as consent from the larger group that this is the complete 
amount of knowledge, then the only issue left is how to 
efficiently design a solution (Douglas and Wildavsky, 1983). 
However, if either the certainty or the consent around the 
knowledge of the problem is in question, then solutions 
to address the risk and plan for the future will be difficult 
to implement, unless there is more research on the topic 
or coercion of the group towards consensus. The Lack 
of information about a given risk can lead to either an 
unawareness that the risk exists, or an assumption that the 
risk is non-existent or not important. These two drivers, 
Insufficient future planning and Lack of information 
often combine with a tendency to avoid the precautionary 

principle when assessing risk. The precautionary principle, 
applied in this context, means that performing a certain 
action of which the effects are unknown should be resisted. 
Importantly, this does not mean that the action should 
be avoided at all costs, but should rather be undertaken 
cautiously. As such, the lack of information could inform 
our activities to proceed with caution. However, it seems 
that many systems operate under the “no news is good 
news” idea, and advance full steam ahead. For example, in 
many places, there is little to no monitoring of Groundwater 
depletion, meaning that often we do not know how much 
groundwater is actually available. This favours the practice 
of overextraction as it makes developing sustainable water 
management efforts more difficult (Vasco and others, 2019). 

Other times, we do have ample evidence that there is an 
oncoming danger, but the danger is too far removed from us 
in space or time and we would need to bear the cost now for 
benefits that would only be seen by others or in the future. 
For Space debris, as the continued pollution of our orbits 
puts satellite infrastructure at increasing risk of collisions, 
we are not sufficiently taking precautionary measures to 
limit that possibility because the measures to do so are 
quite expensive, would need to be implemented by many 
stakeholders and, importantly, deemed not immediately 
necessary (Undseth and others, 2020). This avoidance 
of precaution can be especially prevalent when it comes 
to privilege, as more affluent individuals often have more 
to gain from taking a certain risk and are often shielded 
from potential negative impacts (Tiller and others, 2022). 
Similarly, this is one of the reasons shared resources may 
quickly decline (see Chapter 4.1.2), as the gains from using 
the resource are private, but the losses are shared.

Insufficient risk management
(A lack of perception, awareness or 
preparation in governance relating to risk 
management and response)

(6/6)

Human-induced greenhouse gas emissions
(Gases released into the atmosphere by 
human activities contribute to increasing 
global warming and climate change)

(4/6)

Global demand pressures
(Pressure related to increasing 
consumptive demands for goods and 
services, such as food, energy and 
industrial materials)

(3/6)

Insufficient cooperation
(Lack of coherent national/global 
governance, unregulated exploitation of 
low- and middle-income countries, limited 
governmental capacity)

(2/6)

Prioritizing profits
(Maximization of profits is prioritized over 
other social concerns, causing increased 
risk, such as a lack of effective regulation 
and accountability along global value 
chains)

(2/6)

Colonialism 
(Expansion over an area for economic or 
strategic exploitation and control)

(2/6)

Inequality of development and 
livelihood opportunities
(Unequal distribution of economic 
opportunities and limited livelihood 
options)

Undervaluing environmental costs
(Pursuit of economic or developmental 
interests with a lack of consideration for 
impacts on the environment)

(2/6)

(1/6)

Table 2 Shared root causes 2023 Shared tipping points

A man stands behind a borewell drilling machine in a crop field in Punjab, India, in May 
2023. © Polina Schapova / UNU-EHS
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A lack of sufficient perception, awareness and preparation 
in risk management and response is summarized in the root 
cause Insufficient risk management, which pushes all six 
life-sustaining systems towards a tipping point. For example, 
while insurance-based solutions are designed to help people 
and communities to recover after a hardship such as a 
disaster, with increasing disaster risk impacting more and 
more people and places, it becomes more challenging to 
sustain access to affordable insurance coverage (Mills and 
others, 2005). Insufficient risk management leads to an 
Uninsurable future as it does not sufficiently reduce the 
exposure and vulnerability of people and places to different 
hazards. If we do not address the increasing underlying risk, 
we will not be able to sustain insurance as a valuable tool to 
manage our risk when hazards strike (Surminski and others, 
2016). The way each of these root causes is related to the 
specific tipping points is explored further in their respective 
technical reports.

Importantly, reaching these risk tipping points is caused 
by not just one root cause, but the combination of many 
root causes at once. For example, Unbearable heat and 
related severe health impacts are rooted in Human-induced 
greenhouse gas emissions and resulting land and ocean 
warming. It is, however, also influenced by Insufficient risk 
management in the form of lack of heat plans, lack of heat 
early warning systems and lack of perception of heat as a 
serious threat (Li and others, 2022; Eberle and others, 2022; 
Pillai, 2023). Additionally, Unbearable heat has a very strong 
equity component, as the Inequality of development and 
livelihood opportunities highlights how socioeconomic 
conditions strongly influence heat-related vulnerability as 
under same heat conditions, the difference between 
housing opportunities, work conditions or access to an 
air-conditioned room may mean the difference between life 
and death (Gronlund, 2014; Kjellstrom and others, 2020; 
Benz and Burney, 2021). 

Other root causes are more specific to a few or single 
tipping points, such as Undervaluing environmental costs 
leading to Accelerating extinctions. Often, this means that 
economic development is pursued in a way that ignores 
critical environmental impacts, which directly or indirectly 
increases the risk of extinctions (Zabel and others, 2019). 
The root cause Undervaluing environmental costs is 
intertwined with the root cause Global demand pressures 
as the increasing consumptive demands for goods, such as 
food, energy and industrial materials, often lead to land-use 
change decisions. These are harmful not only for biodiversity 
and ecosystem integrity (Johnson and others, 2017), but also 
for water resources (Dalin and others, 2017; Bierkens and 
Wada, 2019), contributing to Groundwater depletion. 

Colonialism was one of the root causes for the steep 
increase in human activities in space, leading to a sharply 
increasing amount of Space debris in the orbit (ESA, 
2023a). Resulting power structures have long-lasting 
impacts and often reinforce and support systemic 
inequalities across the globe, contributing to the interlinked 
root cause Inequality of development and livelihood 
opportunities. Access to space is not evenly distributed, 
as currently only 10 countries and one intergovernmental 
organization have the capacity for orbital launches, with the 
United States in particular emerging as the dominant player 
(UCS, 2005; Koop, 2022). As only a select few countries 

and individuals are able to afford direct access to space, 
they disadvantage the rest of the planet by damaging our 
outer space environment (Venkatesan and others, 2020), 
crowding out other nations that may want to use the orbit 
and potentially destroying the usability of the orbit in the 
future (Clormann and Klimburg-Witjes, 2022). The impacts 
of Colonialism also have put a strain on biodiversity, 
contributing to Accelerating extinctions. For colonizers, the 
“new” territories were places of infinite resource extraction 
with little regard for the long-term consequences. This 
leads to habitat destruction through mainly deforestation 
and mining, overexploitation of species by unsustainable 
hunting, fishing, logging, the indiscriminate trade of species 
and the intended or unintended introduction of invasive 
alien species across the world pushing away native endemic 
species (Winter and others, 2009; Sodhi and others, 2009; 
McQuade, 2019; Lenzner and others, 2022). 

A common theme across the tipping points Accelerating 
extinctions, Groundwater depletion and Space debris 
is the challenge of the management of common-pool 
resources to which — at least theoretically — everyone 
has access. The tragedy of the (unmanaged) commons 
metaphor (Hardin, 1968; Hardin, 1998) describes that 
individuals with access to common-pool resources tend 
to use it according to their personal benefits, without 
acting in the best interest of others. The depletion of the 
resource is inevitable unless sufficient regulations or self-
organization of the community for the sustainable use of 
the resource are put in place. Importantly, the gains are 
private while the costs and consequences of this exploitation 
are shared and felt by all those who directly or indirectly 
rely on the resource. In the end, everybody loses but the 
most vulnerable and most resource-dependent parts of 
society suffer the most. Sustainable management is needed 
for all resources that cannot be sustained if the rate of 
consumption is higher than the rate of replication (animals, 
plants) or replenishment (soil, water). It also means that 
not just the organisms themselves but also their habitats 
and ecosystems need to be preserved, while other source 
materials need to be recycled (Montgomery and Tipton, 
2019).

In the case of Groundwater depletion, the resource itself is 
hidden below ground, so its exploitation is not immediately 
visible to the individual user. The same groundwater 
resource is accessed by many users simultaneously 
for agricultural irrigation, drinking water and industrial 
production. Additionally, the consumers of the produced 
goods, such as food or fodder, also rely on the resource. In 
many cases, use of groundwater is not sufficiently governed 
by either local or governmental rules, with some regulations 
even incentivizing overuse to secure personal gain. For 
example, for the High Plains aquifer in the United States, 
one of the world’s largest groundwater resources, water-
use rights are often determined based on “beneficial use” 
(Hockaday and Ormerod, 2020). If farmers are allocated a 
certain amount of water and consistently underutilize their 
full allocation, then their water rights may be curtailed. 
This policy can incentivize inefficient irrigation strategies 
by encouraging farmers to use all water that is allocated, 
independent of the current need, leading to overuse and 
depletion (Aiken, 1988). Resource depletion can also be 
driven by distant users who benefit from the common 
resource without directly suffering the consequences of 

depletion. For instance, groundwater-dependent agricultural 
products are often exported to other parts of the world, and 
the water used to grow the product is called “virtual water”. 
The trade of crops resulting from groundwater depletion 
by the top crop exporters (Pakistan, the United States and 
India) has steeply increased from 2000 to 2010 (D’Odorico 
and others, 2019), increasing the trade of virtual water and 
reinforcing the global interconnectivity in groundwater 
depletion. This trend also highlights the high degree of 
decoupling between the visible impacts of groundwater 
depletion from demand and use of the resource. 

A specific case of common resources are the global 
commons, areas and resources beyond the sovereignty 
of any state, which include the high seas, the seabed, 
Antarctica, the atmosphere and outer space. All nations 
have the right to access to these global commons, but none 
have the right to claim sovereignty over them. Importantly, 
this concept only works when all states agree to recognize 
an area or resource as a global commons. For example, one 
of the issues contributing to the Space debris tipping point 
is that there is no international agreement designating our 
orbits and outer space as a global commons. In fact, the 
United States issued an executive order in 2020 stating 
explicitly that “the United States does not view [outer space] 
as a global commons” (Venkatesan and others, 2020). The 
underlying assumption of infinite use of resources of the 
global commons (Schrijver, 2016) has led to a widespread 
decline in global resources, such as the overfishing of 
the high seas and related loss of biodiversity (Neeman 
and others, 2018), greenhouse gas emissions into the 
atmosphere and resulting climate change (IPCC, 2023) and 
the increasing use of the outer space by states, enterprises 
and even individuals (Venkatesan and others, 2020). All 
imperil planetary and human health, and lead to risk tipping 
points such as Accelerating extinctions, Unbearable heat, 
Mountain glaciers melting or Space debris. 

Another common theme across several tipping points 
is the profound impact of human activities on our large-
scale planetary systems as a consequence of the “Great 
Acceleration”, which describes a period of unprecedented 
increase of human activities since the 1950s and its impacts 
on the Earth system such as population growth, energy use, 
water use, damming of rivers, greenhouse gas emissions, 
surface temperature increase, deforestation and species 
extinction (Steffen and others, 2005). It also points to 
a planetary-scale coupling between the socioeconomic 
system and the Earth system via globalization (Steffen 
and others, 2015). In the past, Earth’s history has been 
divided into geological epochs defined by dominant large-
scale changes, such as meteor strikes, volcanic eruptions 
or continental movements. However, with the “Great 
Acceleration”, human activity has become the dominant, 
global cause of environmental change, leading some 
scholars to suggest that a new geological epoch should be 
defined: the Anthropocene (Crutzen and Stoermer, 2000; 
Lewis and Maslin, 2015). Indeed, humans have pushed the 
planet outside of the previous Holocene epoch’s range of 
variability, testing the limits of what people and the planet 
can endure (Rockström and others, 2009). There is ample 
evidence that human actions driven by societal or economic 
needs, such as pollution or deforestation, influence physical 
tipping points (Filatova and others, 2016; Brovkin and others, 
2021; Rockström and others, 2023). Although humans 

have always changed their environment and species have 
always gone extinct as part of natural evolution or some 
catastrophic events, the “Great Acceleration” documents 
an unprecedented rate and magnitude of change. The fast 
rate of change, for example in biodiversity loss or resource 
overexploitation, means that we are approaching tipping 
points, such as Accelerating extinctions or Groundwater 
depletion. The Earth’s systems cannot sustain this kind of 
growth anymore. An example is the essentially stagnating 
marine fish capture since the 1980s due to the exhaustion 
of fish populations (Steffen and others, 2015). On a global 
scale, planetary boundaries represent these limits in 
various Earth systems, outlining the safe operating space 
for humanity, such as limits for climate change (CO2 
concentration less than 350 ppm) or biodiversity loss (less 
than 10 extinctions per million species annually) (Rockström 
and others, 2009). When we pass these boundaries, we 
destabilize and undermine our critical life-support systems 
with often devastating results.

A farmer holds a plant from his rice crop in Punjab, India, in May 2023, where 
groundwater levels are declining. © Polina Schapova / UNU-EHS
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Section 4.1.3 Influence across systems

The increasing risks described in each of the six risk tipping 
points in this report are not only a concern for individual 
systems but, in our interconnected world, can also cascade 
through other systems worldwide. In other words, when one 
system passes the tipping point, it risks further unbalancing 
others (Figure 2). Such influences are expected to occur 
between so-called tipping elements of the Earth, where the 
melting Greenland Ice Sheet and ocean circulation cycles 
can impact each other (Steffen and others, 2018; Liu and 
others, 2023). Importantly, this threat of a “tipping cascade” 
is not limited to one field or sector, such as climate tipping 
points, but cuts across social, environmental and economic 
sectors. Certain systems passing risk tipping points have the 
ability to accelerate each other, as the impacts of passing 
one tipping point can raise risk in interconnected systems 
pushing them further towards their own tipping points, even 
across distant spatial scales. 

In addition to being interconnected by shared root causes 
and drivers, the six risk tipping points in this report are 
interconnected through their influence on each other; 
as one system approaches the tipping point, it can push 
others towards the edge as well. For example, Mountain 
glaciers melting and Groundwater depletion will change 
aquatic and terrestrial ecosystems in ways that threaten 
various species and further increase the risk of Accelerating 
extinctions. Although responses will likely vary depending 
on the type of organism, local extinctions are predicted to 
follow glacier retreat, particularly in cold-adapted plant and 
aquatic invertebrate species, which have already seen their 
habitats shrinking in recent years (Giersch and others, 2017; 
Anthelme and others, 2022). As conditions and ecosystems 
change with shifts in temperature and availability of food 
and water, mountain species could find themselves on the 
“escalator of extinction”, where they must either continually 
move up the mountain to stay in their preferred conditions or 
risk being outcompeted by other species moving into their 
range (Losapio and others, 2021). Meanwhile, the organisms 
living in underground aquifers are vulnerable to shocks that 
change their habitats (Devitt and others, 2019), and the 
depleting groundwater will further impact biodiversity on the 
surface as river and lake habitats literally dry up. This shift of 
environmental conditions pushing sensitive species towards 
Accelerating extinctions could also be influenced by 
Unbearable heat, as many animals, particularly mammals, 
share similar thermal limits as humans and thus similar 
health risks above the 35°C wet-bulb temperature threshold 
(Sherwood and Huber, 2010). Even if the primary extinction 
was set in motion as a result of natural evolutionary 
processes, the resulting reduced diversity will reduce the 
number of ecological interactions between species and raise 
the risk of cascades if an extinction takes place (Dunne and 
Williams, 2009; Kehoe and others, 2021). 

Some risk tipping points influence each other more 
indirectly further down the impact chain. For example, if the 
amount of Space debris in low Earth orbit passes a critical 
point and sets off a destructive cascade where satellites 
are destroyed and future use of the orbit is no longer viable, 

we lose a critical tool that helps us reduce risk in various 
other systems. Satellite monitoring is an important tool for 
monitoring groundwater and aquatic systems and predicting 
areas of water stress (Richey and others, 2015). If these 
satellites are destroyed by a catastrophic collision, we would 
be left without the ability to monitor groundwater resources 
from above, limiting our ability to manage Groundwater 
depletion and increasing the risk of crossing that risk tipping 
point as well. Similarly, satellites provide data to model and 
predict hazard risks, important for avoiding an Uninsurable 
future. If we lose our capacity for remote sensing and 
monitoring weather cycles, this will increase the uncertainty 
that is driving unaffordability in at-risk areas (Norwood, 
2021). Given the key role of satellites in early warning 
systems, losing our “eyes in the sky” can result in delayed, 
inaccurate or absent information about an oncoming 
hazard, increasing the likelihood of adverse impacts and 
increasing damages (Frąckiewicz, 2023). Additionally, the 
rising risk of collisions of Space debris in low Earth orbit is 
making insurance for satellites increasingly unobtainable 
as insurers no longer offer coverage or limit cover for the 
hazard of collisions, mirroring the situation of increasing 
Uninsurability on Earth (Hussain and Cohn, 2021).

Adding to the complex nature of interconnections between 
risk tipping points is their ability to reinforce one another 
as risks rise. Crossing Unbearable heat tipping points 
will have far-reaching effects on risk in different systems 
beyond human and ecosystem health. For example, rising 
wet-bulb temperatures change precipitation patterns and 
in some mountain regions reduce snowfall that glaciers 
depend on to maintain their size, further accelerating the 
risk of Mountain glaciers melting (Tamang and others, 
2020). As glaciers melt away, they can no longer play their 
role in recharging groundwater aquifers, some of which rely 
on glacial meltwater for more than half of their recharge, 
increasing the risk of Groundwater depletion, particularly 
in mountain areas (Ó Dochartaigh and others, 2019). Global 
warming combined with groundwater-based irrigation can 
lead to increased occurrence of humid heat above ground 
(Ambika and Mishra, 2022), and thus rapidly intensifying 
groundwater irrigation not only increases risk of depletion 
but can also raise wet-bulb temperatures and the risk of 
Unbearable heat.

As these examples indicate, managing one risk alone 
without recognizing the influence of interconnectivity and 
feedbacks with other risks would not account for many 
important drivers of the risk in question and could limit 
the effectiveness of efforts to reduce it. The more we 
understand the interconnected nature of risk tipping 
points, the more critical it becomes to avoid 
crossing them.

Figure 2: Risk tipping cascades — 
Reaching risk tipping points in one 
system can cause cascading risks 
across interconnected systems, 
influencing other tipping points
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Section 4.2

Where are we headed? Current and future impacts

“We are a profoundly 
interconnected species, 

 as the global economic 
and ecological crises reveal 
in vivid and frightening 
detail. We must embrace 
the simple fact that 
we are dependent on 
and accountable to one 
another.”  
— Parker Palmer

The underlying factors discussed in the previous chapter 
have put us on a trajectory towards a riskier future. Like a 
boat on a river, we are being carried by the current of root 
causes and drivers past the tipping point into a future 
fraught with danger and the potential for severe impacts 
for people and the planet. Many of these risk tipping points 
have not been crossed yet, and the future is still uncertain. 
For example, the risk of runaway or cascading collisions from 
increased Space debris has not materialized and turned 
to impacts at the time of writing. However, models and 
research suggest the risk of this occurring in the future is 
very high, and how soon it happens depends on our actions 
now and in the next few years (Kessler, 2000; ESA, 2023a). 
Unfortunately, for some of the risk tipping points analysed 
in this report, many places have already crossed the tipping 
point and are facing a riskier future. They can illuminate how 
the future could look in other parts of the world in which 
we have not crossed the tipping point yet. For example, as 
of 2017, peak water has already passed for around 45 per 
cent of Mountain glacier basins worldwide (Huss and Hock, 
2018). The tropical Andes are a particularly affected region, 
as more than 80 per cent of glaciers have passed peak 
water as of 2019 (McDowell and others, 2022). This means 
that many of the impacts we see in the tropical Andes, such 
as water insecurity, livelihood loss, ecosystem damage, 
migration or displacement and cultural heritage loss, may 
also be felt in other communities as they reach peak water in 
the future.

Several risk tipping points are interconnected through similar 
impacts, both potential and already occurring, as shown in 
Table 3. Reaching a tipping point in relation to Unbearable 
heat could result in migration or displacement out of that 
area (Chazalnoël and others, 2017). Similarly, migration or 
displacement can occur as a consequence of Groundwater 
depletion and Mountain glaciers melting, as people also 
lose livelihoods or water security (Fishman and others, 2013; 
Raoul, 2015). Additionally, people may move if their home 
becomes Uninsurable, as they look for a new place with 
more peace of mind (Siders, 2019). 

A common thread emerging from the analysis of risk 
tipping points and their cascading risks is the progressive 
loss of safety nets, or the tools we have at our disposal 
to help buffer our vulnerability or help us to bounce back 
after various system shocks and extreme events. Each of 
the systems subject to our six risk tipping points supports 
functions critical for reducing risk. When we reach risk 
tipping points, that system ceases to function as expected. 
In many cases, not only do we lose the direct functions 
of the system, but we also lose diversity or redundancy in 
systems that are able to provide a certain service, reducing 
the resilience of our entire society (UNDRR, 2023). 

Livelihood loss(4/6)

Migration/displacement(4/6)

Ecosystem damage and biodiversity loss(4/6)

Loss of safety(4/6)

Loss of opportunities(3/6)

Food and water insecurity(3/6)

Cultural heritage loss

Infrastructure damage

(3/6)

(2/6)

Table 3 Shared impacts 2023 Shared tipping points

A local resident inspects a damaged house in the Blue Mountains, Australia, in 
December 2002. Cooler conditions have helped firefighters contain more than 70 fires 
which have destroyed 48 homes in the areas surrounding Sydney.  © William West / AFP
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For instance, we partially rely on satellite infrastructure 
for disaster early warning systems. If we were to reach 
a Space debris risk tipping point, these services would 
be unavailable, leaving us to only rely on terrestrial early 
warning systems. This would significantly increase risk 
in places with fewer ground-based systems, such as the 
Southern hemisphere (Undseth and others, 2020), or with 
limited reach, especially in rural communities (Venkatesan 
and others, 2020). Having a more diverse set of options 
usually means more resilience to shocks, as there is usually 
an alternative to fall back on if a certain tool fails (Narvaez 
and others, 2022). This is the main reason why Accelerating 
extinctions are so devastating; as we lose more and more 
strongly connected species, the other species relying on 
them lose available options. For instance, the green-backed 
firecrown hummingbird (Sephanoides sephanoides) 
collects nectar from and pollinates 20 per cent of local plant 
species in the Patagonian grasslands, many of which have 
evolved to be pollinated solely by this specific hummingbird. 
This means that without the green-backed firecrown, many 
Patagonian habitats would collapse, since no other pollinator 
has adapted to pollinate these plants (Medel and others, 
2022; National Geographic, 2023).

In some cases, we rely on only one element to provide 
the necessary system functions, without enhancing other 
available options. For example, groundwater is often used 
as a backup water source when surface water is unavailable 
during dry seasons or droughts (Taylor and Shamsudduha, 
2022). Therefore, Groundwater depletion decreases the 
reliability of a backup water source, minimizing the amount 
of water available for the irrigated agriculture system. 
Similarly, as we approach an Uninsurable future tipping 
point, the increasing cost of damages is more than what 
insurance is able to cover alone. Without having other risk 
reduction or transfer mechanisms in place, insurance is likely 
to fail and leave people to bear the full brunt of the impacts 
on their own (Irfan, 2023).

Not only are we catastrophically impacting our 
socioecological systems today, but we are also markedly 
darkening our future and closing windows of opportunities. 
The loss and destruction of shared resources through 
Groundwater depletion and Mountain glaciers melting will 
leave little for future generations to benefit from (Rodella 
and others, 2023). Ever-warming global temperatures only 
increase the chances that future societies will contend 
with even higher levels of Unbearable heat. These impacts 
will resonate through time, but in addition to the impacts 
we know could occur, there is so much more we do not 
know — and we are losing the opportunity to explore those 
possibilities. For example, with increased activity in space, 
we have incredible opportunities to observe the universe and 
our place in it. We can learn about our neighbouring planets 
or far-away galaxies and hypothesize about the beginning 
and end of time. The knowledge we have generated so far 
is profound, but the possibilities of what we could learn in 
the future are beyond imagination. If we reach a tipping 
point of Space debris and our orbits become unusable, 
we will lose not only the opportunities to continue using 
existing infrastructure, such as the Hubble telescope or the 
International Space Station, but also any potential to send 
any replacements (Primack and Abrams, 2023). Something 
similar can be said for Accelerating extinctions: for every 
described species that goes extinct, roughly another 

four extinctions are estimated to happen that may go 
undiscovered (van Dooren, 2022). As such, many species 
may go extinct before we have the opportunity to study 
them, many of which could yield important instrumental 
benefits for humanity, including discoveries in medicine, 
evolutionary history or biology (Laurance and Edwards, 2011; 
Fischer and others, 2016).

The impacts described in this section are not only significant 
but also far-reaching. They affect not just our current 
systems, but also the very fabric of our society and the well-
being of future generations. It is crucial to recognize that the 
consequences we face are avoidable, but only if we act with 
urgency. As human beings, we have a unique advantage 
of being able to see the risk tipping points ahead of us. 
This advantage provides us with the opportunity to make 
informed decisions and take decisive actions to avert the 
worst of these impacts, and perhaps even forge a new path 
towards a bright, sustainable and equitable future. A man looks for belongings through the ashes of his family’s home in the aftermath of 

a wildfire in Lahaina, western Maui, Hawaii, in August 2023. © Patrick T. Fallon / AFP
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Chapter 5

The future we 
want to create

“For better or for worse, our 
future is now closely tied 
to human creativity. The 
result will be determined 
in large part by our dreams 
and by the struggle to 
make them real.”
— Mihaly Csikszentmihalyi

In the previous chapter, we get a glimpse of what our future 
might look like if we allow current systems to progress on 
the trajectories they are on. By anticipating tipping points 
where the system will cease to function as known, we can 
adjust the way the system functions accordingly or modify 
our expectations of what the system can deliver. In each 
case, however, avoiding the risk tipping point will require 
more than a single solution. We will need to integrate actions 
across sectors in unprecedented ways to address the 
complex set of root causes and drivers of risk and promote 
changes in established mindsets. To go even further, if 
we want to change our trajectory away from a future of 
multiplying and cascading risks, we must move towards 
transforming our systems altogether for them to become 
more sustainable. We can act now to create the future we 
want.

In looking at solutions that can help us avoid risk tipping 
points, there are a few questions to consider: Is a solution 
targeting root causes and drivers of risk to avoid negative 
system changes or targeting adaptation to those changes? 
Is a solution working within the existing “business as 
usual” system, or driving a fundamental re-imagining of 
the system itself? Answering these questions is critical 
for understanding if and how different solutions move 
us towards certain goals to reduce risk, and what kind of 
outcomes we can expect by selecting different options, 
including potential negative consequences and trade-offs. 
Concordantly, when looking at solutions to address risk 
tipping points, we developed a framework to navigate these 
questions. 

This framework, called ADAT2, classifies solutions into four 
categories:

1. Avoid-Delay (AD)
2. Avoid-Transform (AT)
3. Adapt-Delay (AD)
4. Adapt-Transform (AT)

While Avoid actions focus on changing the current system 
in ways that can help us to avoid crossing the risk tipping 
point altogether, Adapt actions focus on reducing exposure 
and vulnerability to oncoming impacts of a risk tipping point 
being crossed and on preparing for living sustainably with 
the changed system. Within each of these two categories, 
Delay actions can push back against drivers of risk to help 
slow down our progression towards risk tipping points so 
that reaching them is delayed (Avoid-Delay), or the worst 
impacts we are at risk of experiencing are delayed after 
crossing them (Adapt-Delay). Neither case removes the 
system’s flaws and vulnerabilities that are driving underlying 
risk. Transform actions, meanwhile, recognize and address 
the underlying root causes and drivers of risk in the current 
state of the system and promote transformative shifts in 
both its structure and the mindsets and behaviours that 
underpin it by rethinking and reimagining how we operate. 
These solutions can either prevent crossing the tipping 
point completely (Avoid-Transform), or can facilitate 
transformative change to provide new options such that 
impacts can be avoided, “softened” or reversed once the 
tipping point is crossed (Adapt-Transform). Transformative 
solutions, however, require a greater scale of societal and 
personal change.

Ideally, the choice of actions we take should be embedded 
in written or unwritten societal agreements and goals that 
influence what level of risk is tolerable and acceptable, 
and what level of effort is taken to avoid crossing the limits 
of intolerable risk. Using this framework, we can clarify 
which solutions are best suited to reach the desired goals 
identified on different levels of society, from local to global. 
Most of the solutions implemented currently focus on Delay 
rather than Transform, although increasing focus is being 
put on transformative change to achieve global goals on 
transitioning to a more sustainable future (IPBES, 2019; 
IPCC, 2023). To get there, first we need to understand the 
difference between adapting to risk tipping points and 
avoiding them, and between actions that delay looming risks 
and those that move us towards transformation. 

A woman uses an umbrella during a hot afternoon in New Delhi, India, in May 2022.
© Money Sharma / AFP
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Avoid

Figure 3: Avoid-Delay, Avoid- 
Transform — The Avoid categories 
of the ADAT2 would allow us to either 
Delay the time until crossing the 
tipping point or Transform our system 
to avoid it altogether.

Ideally, we would aim to avoid reaching risk tipping points by 
changing the way we interact with the system. For example, 
our trajectory towards Groundwater depletion is driven 
mainly by the fact that we are extracting water from aquifers 
at a much faster rate than they can be recharged. To restore 
this equilibrium and to ensure that the water table is still 
accessible for our irrigation infrastructure, we would need 
to change the way we use groundwater to minimize the 
amount of water we extract while maximizing the amount of 
water that can filter down to recharge the aquifer. Solutions 
can include stronger regulations for sustainable water usage, 
more efficient irrigation techniques, or creating natural or 
artificial recharge areas (Aeschbach-Hertig and Gleeson, 
2012). This type of solution keeps us from reaching a tipping 
point (Figure 3), but whether this is temporary or permanent 
depends on how fundamental the intervention is or how 
much we reimagine the system. If we operate at the surface 
level by finding fixes for certain problems while keeping the 
underlying system the same, we may only delay reaching the 
oncoming risk tipping point. 

To ensure we avoid the tipping point altogether, we need 
to be able to holistically address the root causes and 
drivers that have brought our systems to the brink in the 
first place; this is the first step to reimagining our systems 
in a more transformative manner (see Chapter 5.2). To 
prevent an Uninsurable future for example, the traditional 
approach has been a system of government programmes 
and subsidies to help maintain affordability in some cases. 
However, this approach is increasingly under pressure as 
the necessity of this “last resort” option is quickly becoming 
more common and cannot solve the problem alone since it 
does not address the root causes. One of the main issues 
that we are facing is an increase in the frequency and 
severity of extreme weather events that is making previously 
unexpected and infrequent occurrences increasingly 
common, overwhelming the capacity of what insurance can 
cover  (Surminski and others, 2016). More transformative 
action that focuses on addressing this growing underlying 
risk not only involves reducing our greenhouse gas 
emissions, but also rethinking our approaches to planning 
climate-proof housing, settlements and cities to cope 
with extreme events, while reducing socioeconomic 
vulnerabilities to boost coping capacity. In other words, we 
need to address the underlying risks that cause disasters to 
develop in the first place, and only then can we ensure that 
insurance can remain a valuable risk transfer mechanism for 
all in the future. 
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Adapt

the way we work and live to avoid the hottest parts of the 
day or year (Gale, 2023). 

In some cases, we can try to avoid the tipping point while 
implementing adaptation measures as a precaution. For 
Space debris, we can limit the number of satellites we 
launch and clean up existing debris, while also investing 
in collision avoidance systems and boosting our terrestrial 
infrastructure (Undseth and others, 2020). In some cases, 
such as Accelerating extinctions, avoiding the tipping 
point is the only option we have to save ourselves in the 
long term. We are part of the ecosystem, so as one species 
after another goes extinct, it is only a matter of time before 
humans are next. We will have to protect other species, 
restore and conserve their habitats and work with the natural 
system rather than against it to protect the human species 
and our overall well-being (Crist and others, 2021).

Figure 4: Adapt-Delay, Adapt- 
Transform — The Adapt categories 
of the ADAT2 would allow us to 
either Delay the worst impacts after 
crossing the tipping point or Transform 
our system to prevent the impacts 
altogether.

In some cases, trying to avoid crossing the tipping point is 
no longer realistic, due to the existing processes in motion 
that are driving the systems to the brink. In these cases, 
we need to prepare to adapt our systems or change our 
expectations of what the system can provide. For example, 
mitigating our greenhouse gas emissions is the only way to 
reverse the trend towards some risk tipping points, but this 
will not be enough to stop the impacts arising as a result 
of our historic emissions to date (Hausfather, 2021). Even 
if we are to limit our planetary warming to 1.5°C above 
pre-industrial levels, the world is predicted to lose more than 
half of its glaciers by 2100 (Rounce and others, 2023). Given 
that we have already hit 1.1°C as of 2020 and are on track to 
exceed 1.5°C during the twenty-first century (IPCC, 2023), 
it is inevitable that most Mountain glaciers will pass the 
tipping point within this century (Rounce and others, 2023). 
The same is true for Unbearable heat, as even with drastic 
reductions in greenhouse gas emissions, by 2100, almost 
half of the world’s population could be exposed to 
life-threatening climatic conditions for at least 20 days per 
year (Mora and others, 2017). Though a deep, rapid and 
sustained reduction of our greenhouse gas emissions is 
imperative to prevent even worse impacts from occurring 
in the future, crossing these risk tipping points is already an 
inevitability in some places. This means we need solutions 
to adapt to them now. Additionally, risk tipping points have 
already been crossed in some places, and the people that 
still rely on these systems need options to not only survive 
but thrive in the new conditions. For example, most of 
Saudi Arabia and some areas in the High Plains aquifer in 
the United States or the Indo-Gangetic basin in India have 
already passed the Groundwater depletion tipping point, 
as some people are unable to consistently access the water 
stored in the aquifer given the current depth of the water 
table and existing wells (Parker, 2016; Kajal, 2022). There are 
still actions we can take to reduce risk, even if the system 
has passed the tipping point (Figure 4). However, just as 
with the solutions to avoid the tipping point, how effective 
the solutions are at preventing the worst impacts depends 
on how deep the interventions can go. If we operate only 
superficially, keeping the underlying systems the same, we 
may only prevent or delay some of the impacts and could be 
faced with another system-wide tipping point in the future. 
For example, designating protected areas for biodiversity 
can help prevent Accelerating extinctions, but it does not 
actively manage the external pressures threatening species, 
such as pollution flows or illegal poaching, and the societal 
drivers that enable them (O'Connor and others, 2022). 
To be able to truly adapt to the impacts of a tipping point 
altogether, we have to address the root causes and drivers 
that drove us over the tipping point in the first place — to 
reimagine our systems in a more holistic way and avoid 
making the same mistakes in the future (see Chapter 5.2). 
We must change our expectations and adapt to the new, 
riskier state of the system. For Mountain glaciers melting, 
this could include changing our expectations of water 
availability from the mountains and finding alternative, 
reliable sources of water or less water-dependent livelihoods 
(Cullen, 2018). For Unbearable heat, we might need to shift 
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From Delay to Transform

Many solutions we choose to implement are beneficial in 
the short term, to Delay ourselves from reaching the tipping 
point or to delay the worst impacts that occur after passing 
it. However, they do not address the underlying problem 
and can create unintended consequences and new risk 
tipping points to contend with. For example, introducing 
air conditioning to places exposed to Unbearable heat 
would initially ease the problem for those who can afford it, 
but introduces new strains on energy supply and creates 
additional greenhouse gas emissions that will only make the 
heat problem worse in the long-term. Also, air conditioning 
becomes a critical infrastructure of which failure would lead 
to life-threatening situations. Thus, air conditioning can help 
to cope with the impacts, but there will be resulting trade-
offs and dependencies on the technology. Additionally, it 
will not help us to fundamentally change the system, since 
it does not address the underlying factors that are driving 
heat risk in the first place. Instead, solutions should look 
at the interconnected problem of Unbearable heat as a 
whole, and find solutions that can balance the benefits and 
trade-offs. Transformative change would take this further by 
redesigning our system with this interconnectivity in mind, 
such as redesigning a city into a place full of green spaces, 
sustainable energy and water systems and equitable access 
to them all.

Similarly, one solution alone will not be enough; rather, it 
is one piece of a larger puzzle that must all fit together to 
make a positive and lasting difference. We must look at the 
problem from all angles and implement solution packages 
targeting social, economic, governmental and environmental 
aspects, as all of these systems are interconnected and 
influence each other (UNU-EHS, 2022). With these solution 
packages, we can take advantage of the interconnectedness 
of our various socioecological systems to also provide 
co-benefits to address multiple tipping points at once. 
For example, restoring wetland ecosystems in certain 
areas could provide natural recharge zones to combat 
Groundwater depletion and serve as water storage areas as 
Mountain glaciers melt, while also re-establishing habitats 
for certain species to prevent Accelerating extinctions 
(Conlisk and others, 2022). As long as we are able to think 
about our interconnected world as a whole, one solution 
can address multiple problems at once, rippling through our 
socioecological systems with cascading benefits (UNU-EHS, 
2022). As such, these solution packages help to address 
risk tipping points in a more holistic way and can help us to 
change the system in such a way that risk tipping points are 
avoided. Solution packages may also lead to transformative 
change if the changes implemented in many parts of the 
system address the root causes and drivers, and lead to an 
overall shift and system change. 

However, the desired transformation does not happen by 
chance but rather by design and deliberate effort. Those 
solutions that do not address the underlying factors of the 
risk tipping points can only take us so far. Like paddling up 
a river, these solutions will face relentless pressure, meaning 
we must work constantly, maintaining and adjusting 

strategies to keep up with the current. The slightest change 
can put us at risk of our capacities being overwhelmed, 
pushing us into an even riskier future despite our best 
efforts. These strategies can fail because we place the 
system itself as the object of observation rather than looking 
at the behaviours and values that underpin it. If we focus 
only on the ways in which the system is not working, all 
issues are regarded merely as a technical problem that can 
be addressed with technical solutions (Pelling, 2010). For 
example, if we look at the problem of Space debris as solely 
an issue of increasing pollution in orbit, then our solutions 
will focus on practical means to clean it up. The presence of 
debris is a fact of the world, and we will need to keep up with 
the rate of change, until our capacity to clean up the debris 
becomes overwhelmed and the risk tipping point is reached 
anyway. However, if we can look deeper at the root causes of 
why the debris is there in the first place, for example, Global 
demand pressures or Insufficient risk management (see 
Chapter 4.1), then we can see how the pollution of our orbit 
is part of wider societal processes. As such, the solutions to 
address the problem are more fundamental (Pelling, 2010). 
We need to reimagine our socioecological systems to create 
truly sustainable, resilient and equitable systems that work 
for people and the planet in the long term.

Transformative change can happen in several ways, across 
many different dimensions. While tangible actions that are 
readily visible tend to attract the most attention, they are 
only one part of the story. For tangible transformations 
to occur, they must be supported by transformations 
in larger societal structures and cultural norms. These 
transformations are essential because they redefine 
the boundaries of what is achievable within a society 
(O’Brien and Sygna, 2013). Since our societies, systems 
and structures are ultimately composed of individuals, the 
success of these transformations also depends on changes 
happening within the hearts and minds of people who 
constitute the collective society. This internal transformation 
leads to shifts in thoughts and values, which, in turn, 
influence how individuals perceive and interact with the 
world. As a consequence, this can shift our priorities, 
how we frame certain issues and which questions we ask 
or overlook (O’Brien and Sygna, 2013). For genuine and 
effective transformation to take place, it is crucial to address 
all of these dimensions in an interconnected way. Simply 
making practical changes without considering the personal 
values of the people involved may lead to reluctance or even 
conflicts, resulting in a lack of understanding or motivation 
to fully embrace a proposed solution. For example, we can 
work to restore a species’ habitat to delay Accelerating 
extinctions, but if the collective values of society do not 
align with this action, then the intervention lacks support 
and would eventually be abandoned or undermined by 
contrasting actions. Conversely, focusing solely on changing 
hearts and minds may result in abstract ideals that cannot 
be translated into practical actions. Similarly, talking 
about the importance of biodiversity to curb Accelerating 
extinctions is key, although it would not mean anything 
unless it can filter down into actionable methods to protect 

species. The interconnectivity and interactions between 
the two determine the boundaries of what is possible in 
our systems and structures, facilitating the possibility of 
achieving significant, large-scale transformations. 

Adopting this interconnected thinking does not only 
apply to these different dimensions of change, but also to 
different sectors and levels of society. The solution package 
approach not only involves different types of actions, but 
also many actors from different parts of society, working 
together to address a particular problem. Having such 
diverse ideas and approaches from a range of backgrounds 
and cultures gives us more opportunities to discover actions, 
behaviours and values that we had previously not considered 
possible, or to rediscover those which had been formerly 
used but discarded along the way. Different levels of society 
will be able to provide different elements and scales of 
change, according to their responsibility and capacity to 
do so. For example, it is easier for those in positions of 
power or privilege to undertake transformative actions at 
scale, especially actions that disrupt the system. However, 
challenging the system and calling out for change often 
comes from civil society or youth demanding change. A 
government official can more easily influence policies and 
their implementation than a regular citizen, and people 

with a wealth of time and resources can more easily spend 
them on desired outcomes. However, each individual action 
can serve as an important building block for a desired 
transformation, and every effort helps (Figure 5). Indeed, 
transformation is often triggered by changes starting in 
scales driven by niche innovations (Geels and Schot, 2007). 
Importantly, the power of setting a positive example to 
influence decisive action should not be undervalued (see 
Chapter 5.2). By moving from isolated, individual solutions to 
interconnected, collective solutions, we can build the pathway 
from Delay actions towards the Transform actions and 
mindsets we need to reduce risks for a better future.

In itself, a transformation is a regime shift that takes the 
state of the system now and fundamentally changes it to 
something new and, hopefully, improved. Transforming our 
systems will not be easy. This change can seem daunting 
and intimidating, particularly when charging into uncharted 
territory and experimenting with new and untried systems 
and structures. However, sticking to the status quo and 
remaining in our comfort zone is driving us perilously close to 
reaching risk tipping points on multiple fronts. To tackle this, 
we must imagine a better world and have faith in our ability 
to create it, then make every action count towards building it 
together.

Figure 5: Transformation —
as a whole-society challenge, involving 
collective action at different scales by 
different actors.
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Section 5.1

How we can get there: Five changes we need to make 

“Change is coming anyway. 
So I’d like it to be by design 
and not by disaster.”
— Maja Göpel

In this section, we outline five important changes we need to 
make to build towards a more sustainable, just and equitable 
future. These suggestions build on our analysis of root 
causes and drivers among the six risk tipping point cases as 
well as the common threads among the different solutions 
to address them. As such, they are targeted towards the 
transformation, both at a personal and societal level, leading 
us to reorganize our personal and collective thoughts, 
behaviours and values towards transformative change that 
can be applied to each of our risk tipping points, showing 
where practical transformation is possible (see technical 
reports). This is by no means an exhaustive list; instead, 
they represent the needed transformations necessary to 
counteract the underlying root causes and drivers pushing 
our systems to the brink. A greater personal and collective 
adoption of these values and behaviours opens more doors 
to what is possible, giving us new paths to explore and 
options to pursue.

1.   Creating a world without waste
Our systems of production for the things we all use every day 
operate linearly like a conveyor belt, producing significant 
waste. Once a product is used and no longer useful, it 
becomes “waste” to be disposed of, while new resources are 
tapped to create new products. This approach shows a lack 
of appreciation for the energy and time invested in these 
resources, as the system is designed against sustainability 
by favouring single-use items and planned obsolescence 
(Bocken and Short, 2021). However, because nature is not 
linear, this model disrupts the natural flow of energy and 
materials. To address this issue, we must adopt a circular 
model that recognizes the intrinsic value of all materials and 
be innovative about how we use them, effectively eliminating 
waste from the system. A circular model prioritizes efficient, 
renewable resources and respects the natural cycles of Earth 
systems (Ellen MacArthur Foundation, 2015). It involves 
valuing resources beyond human-use value and respecting 
all living and non-living things in their own right. Importantly, 
just because the dominant systems on our planet do not 
follow this model, it does not mean that this concept is 
untried. Respect for non-human things has a history in 
many cultures worldwide, notably in traditions of animism 
that ascribe spiritual essence and consciousness to objects, 
places and species. By recognizing the intrinsic value in 
other living and non-living things, the concept of “waste” will 
not exist. 

Transforming towards circular thinking could revamp our 
systems that are currently at risk from the linear model. As 
resources become increasingly scarce, many risk tipping 
points could be avoided if we create a world without waste. 
For example, Space debris is primarily a waste issue, 
as satellites with predetermined lifespans are placed in 
“graveyard orbits” or discarded back to Earth’s atmosphere 
or oceans (Werner, 2018; Boag, 2019). Imagine a world in 
which satellites and the resources used to make them were 
valued beyond their initial function. We would design them 
to last as long as they could, and have plans to repair them 
if they were broken or bring them home if we could not. We 
would appreciate the material and energy used to produce 
them, as well as the service they provided, and reuse or 
recycle their components to give them new life, starting the 
cycle over again. Similarly, approaching both Groundwater 
depletion and Mountain glaciers melting risk tipping points 
forces us to address irresponsible water waste. Climate 
change and human activities put incredible strain on our 
water resources, as we take, use and waste water resources 
without respect for the water cycle. Instead, we can choose 
to adapt our society and ourselves to build a world in 
which we decrease our overall water use, optimize use of 
the water we do use and retain or protect the water not 
currently in use (Morseletto and others, 2022). In essence, 
we need to change the way we value water from something 
inexhaustible and disposable into something precious and 
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Workers do their part to reduce waste by reusing boots as planters at the Selayur Jaya 
Reduce, Reuse, Reduce (TPS 3R) Waste Disposal Site, in 2022.    
© Mushaful Imam / Transformative Urban Coalitions / UNU-EHS
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essential for life, which it is. By using water more efficiently 
and taking only what is necessary, we can ensure that 
anything we withdraw is replenished or restored to a better 
state than before. The linear model also puts us at risk of 
Accelerating extinctions, as more than 90 per cent of 
biodiversity loss occurs from the extraction and processing 
of natural resources (IRP, 2019). This includes habitat loss 
from clearing land for agriculture, industrial pollutants in 
our air and water, and overhunting or harvesting the species 
themselves (Ellen MacArthur Foundation, 2021) Here, even 
our words matter. Using words like “fish stocks” represents 
how we currently value fish. A stock of tuna, for example, 
identifies the animals as commodified objects rather than as 
individual subjects entitled to partake in the web of life. The 
logic of extractive use of resources renders fish as assets for 
possession and trade (Telesca, 2017). Instead of continuing 
this trend, we could stop viewing the living and non-living 
beings in our world as resources, and start viewing them as 
partners and gifts based on mutual respect and reciprocity 
like many indigenous peoples do. We would not own the 
land or the forest, the wheat or the timber. Rather, we would 
enter into a partnership with the land, the forest and their 
inhabitants, for the use of their space, ensuring that we 
impact them as little as possible and give it back to them in 
a better condition than we found it.  

2.   Being one with nature
Humanity’s way to interact with nature stems from a 
mindset of dominance and separation. We clear-cut forests, 
bulldoze mountains, channelize rivers and change the 
climate, declaring human interest more important than 
the needs of the rest of the planet as we push nature out 
or subjugate it for our own use (Weston, 2022). Many 
human cultures regard humans as separate from nature, 
and therefore, separate all natural processes from human-
made areas. The English language, for example, is not even 
in the position to express such oneness with nature, which 
is why we talk about a human-nature relationship. With 
these actions, we are sabotaging not only the planet, but 
also ourselves as a consequence. For example, in many 
areas, rainfall is naturally absorbed into the soil and stored 
in groundwater, while the rest runs off the land into streams 
and rivers. When these watersheds become urbanized, we 
cover the space in impermeable surfaces, such as concrete 
or asphalt, which disrupt the natural infiltration when it rains. 
Water is unable to be absorbed into the soil and recharge 
the aquifers, exacerbating the issue of Groundwater 
depletion. This also causes water run-off to occur more 
quickly, increasing the frequency and severity of flood 
hazards (USGS, 2018), exacerbating the issue of Uninsurable 
futures, making damages more likely and costly. Surface 
sealing also contributes to Unbearable heat as the built 
infrastructure absorbs and retains heat while the reduced 
green space does not provide shade and limits the amount 
of evapotranspiration, resulting in cities that are warmer 
than the surrounding environment (Chapman and others, 
2017). Additionally, the separation of humans and nature 
leads to the exclusion, exploitation and detriment of various 
species on the planet, resulting in Accelerating extinctions. 
Habitat destruction and climate change push wild species 
out of their homes as we delineate conservation areas where 
they are allowed to exist. The rest of the planet is seen as 
belonging to humans, to take, alter, pollute or destroy as 
we please. Indeed, even describing the world in terms of 

“natural resources” supports an assumption that Earth is 
subject to human ownership (Crist and others, 2021). This 
only serves to drive our own risk, as this mindset ignores 
the idea that humans are a species that depends on other 
species to exist, for the air we breathe, the food we eat and 
the water we drink. There cannot be separate spaces for 
humans and nature, because humans are part of nature. 

A paradigm shift is needed towards respecting the needs 
and well-being of nature as a global-scale system of 
interconnected pieces, of which, we as humans are just 
one. In addition to using resources more respectfully, 
as outlined in the previous section, we can combat 
climate change to prevent further detrimental impacts on 
ecosystems and simultaneously restore natural processes 
that we are currently disrupting. Rewilding is one such 
approach, bringing ecosystems altered by human activities 
back to their “wild” state, more closely in line with how 
they functioned before human intervention. This allows 
us to build conditions that support and embed human 
settlements in more resilient, complex ecosystems, giving 
humans the benefit of certain ecosystem services while 
giving space back to non-human entities to exist (Perino 
and others, 2019). We can create “sponge cities” full of 
permeable pavements and green spaces that absorb 
rainwater to prevent flooding and recharge groundwater, 
increase evapotranspiration to mitigate heat impacts and 
provide habitats for wild species to live and roam (Simon, 
2022). We should designate human-use areas and constrain 
our overuse of space on the planet by default out of respect 
for the non-human inhabitants (Crist and others, 2021). We 
can move from a system of control and conflict to one of 
coexistence and cooperation with nature.

3.   Cultivating a global neighbourhood
We have witnessed the remarkable power of global 
collaboration when the international community unites 
for a common purpose. An excellent example of this 
was during the 1970s when scientists discovered that 
chlorofluorocarbons were causing damage to Earth’s ozone 
layer. In response, the world came together and devised the 
Montreal Protocol, a plan aimed at phasing out these ozone-
depleting chemicals from production and consumption. The 
Montreal Protocol marked the first environmental treaty 
to be signed by all 198 United Nations member states with 
binding, time-targeted and measurable commitments. The 
interventions were successful, and it is expected that the 
ozone layer will fully recover by the middle of this century 
(WMO, 2022). No single actor, community or country 
can tackle this type of large-scale problem alone, making 
cooperation a necessity. 

Although such success stories exist, the global community 
struggles often to reach or successfully implement global 
commitments. For example, countries have debated the 
need to combat climate change since the early 1990s and 
produced important accords, including the Kyoto Protocol 
and the Paris Agreement, to reduce greenhouse gas 
emissions. However, the amount of carbon dioxide in the 
atmosphere keeps rising, due to “broken climate promises”, 
revealing a “yawning gap between climate pledges and 
reality” (Guterres, 2022). To achieve true transformative 
cooperation across the planet, global binding agreements 
and their implementation need to be based on a global civic 
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Sea otter in kelp forest, Glacier Bay National Park, Alaska. © Gerald Corsi / iStock
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in mindset can only be taken up by governments and 
international organizations. However, the truth is that the 
transformation needs to happen at all levels, including 
individuals showing trust, respect, empathy and compassion 
for others worldwide. For instance, during periods of 
Unbearable heat, we may need to adjust our expectations 
for services during the hottest parts of the day or year, 
considering the well-being of workers operating in those 
conditions. Enhancing neighbourhood support networks 
and social capital during extreme heat can significantly 
reduce health impacts (Wolf and others, 2010). Caring for 
and supporting those around us holds the power to bring 
about meaningful change in the world that reduces risks for 
all and saves lives.

needs to start now to minimize future suffering. We cannot 
wait until the impacts are on our doorstep before we choose 
to act. This also entails that present laws and political 
institutions need to ensure that future generations are not 
disadvantaged and do not suffer disproportionately from 
the impacts of today’s decisions or inactions, which would 
push the burden of climate mitigation to future generations 
(Kotzé, 2021). Transforming to a mindset of intergenerational 
equity entails the adoption of certain principles already 
discussed but with a different perspective. For example, 
conserving natural and cultural resources can be done for 
the purpose of eliminating waste and strengthening our 
relationship with the natural environment, but should also 
be done with the intention of not restricting the options 
available to future generations. Halting Groundwater 
depletion will ensure that future generations are able to use 
aquifers to sustain their communities (Rodella and others, 
2023). This concept of protecting future options and future 
freedom of choice not only relates to physical resources but 
also to opportunities for knowledge, learning, innovation 
and relationships. We can stop ourselves from reaching a 
Space debris tipping point to ensure that future generations 
can research and explore the cosmos freely and ensure that 
ancestral cultural traditions of the past, such as using stars 
for navigation or storytelling, can survive into the future 
(Venkatesan and others, 2020). Preventing Accelerating 
extinctions and preserving biodiversity will also help ensure 
humanity’s access to critical ecosystem services and our 
survival on Earth (Raven and Wackernagel, 2020). Beyond 
this, preserving biodiversity enhances the future resilience 
of our ecosystems, as more diverse ecological communities 
are likely to be increasingly stable over time (Fischer and 
others, 2016; Wagg and others, 2022) so that they could 
provide more opportunities for new ecological relationships 
to be formed, expanding potential services and resilience 
for the world as a whole. Essentially, this transformation 
entails bringing in a consideration of being a good ancestor 
to future generations (Krznaric, 2021). It is an extension of 
the need to build community relationships not just across 
continents and oceans, but also across time and into the 
future. 

5. Designing an economy of well-being
The global economy is currently based on the relentless
pursuit of growth, so actors continuously increase
production and consumption of resources at unsustainable
rates. Humans use up ecological resources equivalent to
1.7 Earths (Lin and others, 2018), which is problematic
considering we just have the one. If everyone on the planet
lived like those in the United States or Australia, we would
need four or five Earths to sustain such growth (Alexander,
2020). This means that many of us are living beyond our
means and pushing the costs onto other beings, different
places and future generations. For instance, economic
growth and biodiversity loss are linked through the impacts
of increased resource use (Otero and others, 2020). In fact,
rapid economic development has been shown to push
many species, especially large carnivores, to the brink of
extinction (Johnson and others, 2023), increasing the risk of
Accelerating extinctions.

The reality is that the prevailing growth-based economic 
model is destined to fail on a planet with finite resources. 
Eventually, we will reach its limits and the system will end 
(Görg and others, 2017; Alexander, 2020). For example, the 

Kingdom of Saudi Arabia used much of their Groundwater 
resources to grow wheat in the desert, taking out nearly 10 
times more than could be recharged (Fienen and Arshad, 
2016). As such, it is estimated that Saudi Arabia depleted 
over 80 per cent of their groundwater, prompting the 
government to announce that the 2016 wheat harvest 
would be their last (Plumer, 2015; Novo, 2019). However, this 
impending end can be met in two ways: either by disaster 
or by design. The preferred method would be to design and 
implement changes that take us away from the capitalist 
dictate of economic growth to limit the suffering of both 
society and the environment. We ultimately need to think 
of a different growth, replacing economic growth and the 
indicator of GDP to measure it. Instead, we need to build our 
idea of “growth” on advancing human and environmental 
well-being. For example, GDP accounts for the number of 
cars a country produces but ignores the negative impacts 
of their emissions on the environment and public health 
(Kapoor and Debroy, 2019). It fails to measure what we truly 
value — things such as happiness, security, community or 
the beauty of nature — which are truly priceless. They are 
intrinsic, intangible and incommensurable values that are 
unable to be captured by any economic indicator. Instead, 
we can decide to protect nature and implement nature-
based solutions on a large scale, regardless of the economic 
costs involved, by taking a mission-oriented approach that 
unites society behind clear targets and a vision to transform 
our governance models, as well as decision pathways for 
large-scale positive changes (Sebesvari, 2022).

There has been an increasing desire to replace materialistic 
values centred on maximizing production and income with 
post-materialistic values of personal freedom and well-
being (Jordaan, 2023) and the need to strive for human 
well-being within planetary boundaries (Raworth, 2017). This 
shift is evident in various demands for better healthcare, 
earlier retirement, shorter working hours and improved 
working conditions. It is also seen in the rising popularity of 
alternative measures of development, such as the National 
Happiness Index or the Genuine Progress Indicator. The 
concept of a “well-being” economy lies at the core of these 
ideas, aiming to improve the overall well-being of individuals 
and communities and encompassing aspects such as social, 
economic, environmental, physical and cultural well-being. 
Governments embracing this model strive to restore the 
balance between society and nature, ensure fair distribution 
of resources, promote collaboration among public entities 
and support the health and resilience of individuals and 
communities in the present and future (Chrysopoulou, 
2020). In conclusion, many of the transformative actions 
proposed in this report align with this shift in mindset 
towards prioritizing well-being over relentless economic 
growth. By reorienting our goals and values, we can work 
towards creating a more sustainable and harmonious world 
for ourselves and future generations. This, by design, will 
address some of the most deep-seated root causes behind 
risk tipping points and allow us to work effectively towards a 
future with fewer risks for all.

A father imparts the invaluable lesson of environmental stewardship to his young 
daughter, teaching her to sow the seeds of a greener tomorrow. 
© Nikki Sandino Victoriano / Transformative Urban Coalitions / UNU-EHS

4. Being a good ancestor
Future generations living on this planet are at the mercy
of the choices we make today. As a result of our choices, 
entire populations of people could live their lives full of 
happiness or suffering, or could never live at all (Fenwick, 
2023). This power of choice is great but as always, with 
great power comes great responsibility. As such, we, the 
people of today, have a moral responsibility to ensure that 
our actions better the lives of future generations. Again, 
this concept is not novel, but is present in many indigenous 
communities. For example, the Iroquois philosophy of the
“Seventh Generation” dictates that each generation today 
is responsible for ensuring the survival of the seventh 
generation in the future (Clarkson and others, 1992). We 
can turn away from plundering the planet’s resources for 
short-term gains, and rather interact with our world in a way 
that carefully considers a long-term future for our world
(Slaughter, 1994). This can start with designing our systems 
with the recognition of potential future risks and acting out 
of precaution for negative impacts down the line rather than 
maximizing short-term gains over long-term losses (see 
Chapter 4.1.1). Planning for future conditions will help prevent 
an Uninsurable future, as it can make our communities 
more resilient through innovative and climate-ready urban 
design and nature-based solutions, reducing damages from 
future hazards (Shaw and others, 2007; Israeli and others, 
2020). For example, in both the cases of Mountain glaciers 
melting and Unbearable heat, we have the reasonable 
foresight to see that our past and current greenhouse gas 
emissions will create unavoidable consequences in the 
future. Therefore, it is our responsibility to ourselves and 
generations in the future to build systems and cities to 
withstand and adapt to those future changes. This process

mindset. We need to shift away from actions taken out of 
self-interest and towards actions based on common values 
(Derviş, 2020). Making this possible requires a foundation of 
trust and a common understanding of facts and risks, along 
with the ability to understand and empathize with other 
perspectives (Muggah, 2019).

Trust and binding agreements are critical to avoid increasing 
Space debris. Currently, satellite operators do not 
consistently share data on the number and characteristics 
of satellites in orbit, leading to inadequate knowledge for 
calculating collision risks (Undseth and others, 2020). Many 
actors are unwilling to release this data due to competition 
or national security concerns (Finkleman, 2017). Additionally, 
developing debris clean-up technology is limited because 
it could be interpreted as a potential “space weapon”, so 
countries are reluctant to let others have that kind of power 
(Wall, 2021). Furthermore, national security and intellectual 
property rules limit the sharing of Earth-observation 
data gathered by satellites (Borowitz, 2017). This lack of 
cooperation, combined with a lack of binding agreements, 
not only hampers the global community’s ability to tackle 
significant problems like climate change and disaster risk, 
but also could further contribute to an increase in the 
number of satellites in orbit, as each actor would need their 
own observation satellite to ensure reliable information. 

Cooperation is also crucial to manage limited resources 
sustainably, as seen in the case of the tragedy of the 
unmanaged commons (see Chapter 4.1.2). To move away 
from a Groundwater depletion tipping point, we must 
establish a shared understanding of what constitutes the 
beneficial use and wasteful consumption of groundwater 
resources now and in the future, while ensuring efficient 
water use (Aiken, 1988), and not exceeding natural 
replenishment rates. Being on a finite planet means 
resources are already limited, and as we disrupt natural 
systems, we face scarcity and competition in meeting 
human needs. To address this, we need to restore natural 
cycles and foster a spirit of caring and sharing among 
our global community. This kind of change comes from 
shifting away from a competitive mindset that prioritizes 
individual gain and towards a recognition that the best 
path to a sustainable future is bringing benefits to all. As 
Mountain glaciers melt, we need to recognize the needs of 
people along the watershed, from source to sink, and make 
sure there is enough to go around for everyone, including 
those in downstream countries (Climate Diplomacy, 2023). 
Transboundary cooperation on water resources also helps to 
build trust, promote knowledge-sharing and enhance overall 
security (Shrestha and others, 2015). Similarly, countries 
need to make sure that their respective actions to adapt 
to climate change do not cause harm in other countries 
and do not constrain the adaptation options of others. This 
concerns not only the use of common resources, such as 
transboundary groundwater bodies, but also transboundary 
impacts of adaptation via global trade of food and virtual 
water embodied in products we trade. For example, citizens 
in wealthier nations consume more meat per capita, creating 
a wide array of environmental effects on less wealthy nations 
such as increasing greenhouse gas emissions, water use and 
biodiversity loss (Cumming and Cramon-Taubadel, 2018). 

The discussion of transboundary cooperation and 
multilateral agreements may seem as though this shift 
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Section 5.2 Positive tipping points for societal change

“Never doubt that a small 
group of thoughtful, 
committed citizens can 
change the world; indeed, 
it's the only thing that ever 
has.” 
— Margaret Mead

With risk tipping points, we can see how human actions 
can influence systemic change and increase the potential 
for negative impacts. Instead of allowing our actions to 
create risk tipping points that increase potential harm to 
people and the planet, we should strive to create positive 
tipping points for societal change. Collective human action 
is needed to steer us away from risk tipping points to avoid 
climate, social and ecological emergencies (Steffen and 
others, 2018). Practical action requires a fundamental shift 
in values, such as those outlined in the previous section, to 
be taken up as a new normal. Similar to other tipping points, 
positive tipping points have the potential to cascade through 
our interconnected socioecological systems. For instance, 
if plant-based proteins become as affordable and attractive 
as animal-based proteins, it can lead to reduced livestock 
farming and positive tipping in greenhouse gas emissions 
reductions and land conservation (Meldrum and others, 
2023). In this way, the interconnectivity of the world can be 
used to our advantage, as we can use the momentum of one 
tipping point to influence other positive transformational 
changes as well. 

This transformation often starts in small niche populations, 
but can quickly spread to larger groups through “social 
contagion”. When one person adopts a behaviour, it makes 
it easier for the next person to follow suit by imitating and 
learning from the original person (Lenton and others, 2022). 
For positive changes to gain widespread adoption, they 
must be affordable, attractive and accessible (Meldrum 
and others, 2023). Eventually, enough people will adopt the 
behaviour that we reach a “critical mass”, a tipping point 
after which the behaviour will become the new normal within 
the community (Lenton and others, 2022). 

Individual behavioural changes play a significant role in 
influencing positive tipping points. We must recognize our 
role within interconnected systems and understand that 
our actions and choices matter, for better or for worse. 
We can choose to perpetuate a system that pushes us 
towards tipping points and crises, or we can choose to 
make positive changes wherever we can. Positive changes 
can be made without completely rejecting modern society, 
as transformative changes take time and start with small 

steps. Transformative change does not happen overnight, 
and simply doing what you have the capacity to do at every 
chance you get is already a transformation itself. This can 
be done through individual behavioural changes, such as 
reusing materials, checking in on a neighbour or by using our 
voices to demand large-scale change. The most difficult part 
of any journey is making the decision to start, and any effort 
that continues that journey is monumental. Making personal 
changes to behaviour and values may seem insignificant, 
but we are actually setting an example of what is possible, 
providing a vision of a better world for those around us. In 
fact, values endorsed by our friends and peers are often 
more influential in changing behaviours than facts or expert 
opinions (Lenton and others, 2022). We have the power to 
create positive tipping points, to “tip” the conditions in the 
original system towards something better and brighter. The 
journey towards positive change begins with us, and as we 
lead by example, the world will follow suit.

To protect their cities, people work hand in hand to plant mangroves, Sayung, Demak, 
Indonesia. © Bambang Wirawan / Transformative Urban Coalitions / UNU-EHS
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Chapter 6

Conclusion

“I’m trying to free your 
mind, Neo. But I can only 
show you the door. You’re 
the one that has to walk 
through it.”
— Morpheus, The Matrix (1999)

We live in a world full of interconnected risks. With each 
passing day, the systems we rely on, such as the climate 
suitable for human life and societies, hydrological cycles, 
natural ecosystems and our food production, are heading 
further down a path towards imminent risk tipping points. 
The six risk tipping points analysed in this report offer us 
only a glimpse of the numerous risk tipping points we are 
approaching. If we look at the world as a whole, there are 
many more systems at risk that require our attention. It 
is crucial to understand that these risk tipping points are 
diverse and extend beyond climate, ecosystems, society or 
technology, and are inherently interconnected. They share 
the same root causes and drivers in our behaviours and 
actions that increasingly put pressure on our systems. The 
impacts of these systems tipping are not isolated to the 
system itself or the places where tipping points are crossed 
but can cascade through interconnected pathways to other 
systems and places around the world, pushing them towards 
tipping themselves. Each system acts as a string in a safety 
net, keeping us from harm and supporting our lives and 
livelihoods. As the next system tips, another string is cut, 
increasing the overall pressure on the remaining systems to 
hold us up.

In order to tackle complex, interconnected risks, we need 
integrated, inclusive approaches. The interconnectivity 
of our systems means we increasingly share the risks of 
other systems and places even far afield, greatly raising the 
importance of addressing risk tipping points wherever they 
are, and building resilience to proactively protect systems 
locally with a comprehensive approach that recognizes 
their interconnected nature. However, understanding risk in 
complex systems is not easy, and science has an important 
role to generate in-depth knowledge and understanding of 
these complexities, to issue warning signs of where we are 
headed if we keep going along a certain path. Yet, despite 
global scientific efforts and the warnings they are generating 
about how we are pushing our systems to the brink of 
tipping points, we continue our unsustainable practices. 
Something has to change.

Luckily, we can see the warning signs and the tipping points 
ahead of us, and the future is not set in stone. We have 
choices. To make the most sustainable choices, we need to 
take collaborative action across diverse sectors and from 
the level of international governance down to the individual 
person. As more of us work together towards the future 
we want, our actions can inspire others to begin to realize 
what is possible, giving them inspiration and agency to take 
positive actions of their own. In our interconnected world, 
these changes also have the power to permeate positive 
effects and reduce risk across different systems. Avoiding 
risk tipping points is therefore a shared responsibility of 
governments and companies around the world, along 
with every person on this planet. Collective transformative 
actions can fundamentally change how we perceive and 
value the world around us. Contributing to either a future of 
increasing risks or a future of sustainability and resilience 
comes down to our choices and the actions that follow. 
Changing established systems and behaviours is never easy, 
but this is the choice we must make if we want to avoid risk 
tipping points. 

The question we face is simple, yet profound — what kind of 
future do we want?



84 85

Acknowledgements

This report has been made possible due to funding by 
the German Federal Ministry of Education and Research 
(Bundesministerium für Bildung und Forschung, BMBF). We 
thank them for their support.

We would also like to thank our colleagues who granted us 
their time and expertise in reviewing this report or providing 
support in understanding specific concepts: Alicia Bustillos-
Ardaya, Emmanuel Cheo, David Durand-Delacre, Michael 
Hagenlocher, Lisa Hartmann, Soenke Kreft, Ann-Christine 
Link, Magdalena Mirwald, Robert Oakes, Architesh Panda, 
Ananya Ramesh, Simone Sandholz, Stefan Schneiderbauer, 
Xiaomeng Shen, Lisa Thalheimer-Prezyna, Yvonne Walz and 
Saskia Werners. 

We thank all colleagues at UNU-EHS and UNU-VIE who 
participated in our outreach meetings and workshops to 
discuss the risk tipping point framing and the specific risk 
tipping point cases, as well as those who provided moral 
support and smiling faces during the whole process. 
We would like to especially thank Yared Dina, Freweini 
Ghebresadick-Teclai and the entire UNU Bonn ICT team for 
providing technical support and helping our research run 
smoothly. 

We extend further thanks to those who allowed us to ask 
questions and gain insight from their experience: Hans Dürr, 
Martina Flörke, Erin Haacker and Swenja Surminski.



86 87

References

Aeschbach-Hertig, Werner, and Tom Gleeson (2012). Regional strategies for the accelerating global problem of groundwater depletion. Nature Geoscience, 
vol. 5, No. 12, pp. 853–61. DOI: 10.1038/ngeo1617

Aiken, J. David (1988). Development of the Appropriation Docterine: Adapting Water Allcoation Policies to Semiarid Environs. Great Plains Quarterly, vol. 8, 
pp. 38–44. Available at https://core.ac.uk/download/pdf/17239584.pdf

Alexander, Samuel (2020). Post-capitalism by design not disaster. The Ecological Citizen, vol. 3, pp. 13–21.

Ambika, Anukesh K., and Vimal Mishra (2022). Improved Water Savings and Reduction in Moist Heat Stress Caused by Efficient Irrigation. Earth’s Future, 
vol. 10, No. 4, DOI: 10.1029/2021EF002642

Anthelme, Fabien, and others (2022). Novel plant communities after glacial retreat in Colombia: (many) losses and (few) gains. Alpine Botany, vol. 132, No. 
2, pp. 211–22. DOI: 10.1007/s00035-022-00282-1

Ao, Yufei Z., Nathan P. Hendricks, and Landon T. Marston (2021). Growing farms and groundwater depletion in the Kansas High Plains. Environmental 
Research Letters, vol. 16, No. 8, art. 084065. pp. 1–12. DOI: 10.1088/1748-9326/ac1816

AON plc (2023). Weather, Climate and Catastrophe Insight. Available at https://www.aon.com/getmedia/f34ec133-3175-406c-9e0b-
25cea768c5cf/20230125-weather-climate-catastrophe-insight.pdf

Armstrong McKay, David I., and others (2022). Exceeding 1.5°C global warming could trigger multiple climate tipping points. Science, vol. 377, No. 6611, pp. 
1–10. DOI: 10.1126/science.abn7950

Benz, Susanne A., and Jennifer A. Burney (2021). Widespread Race and Class Disparities in Surface Urban Heat Extremes Across the United States. Earth’s 
Future, vol. 9, No. 7, art. e2021EF00201. pp. 1–14. DOI: 10.1029/2021EF002016

Berkes, Fikret, Carl Folke, and Johan Colding (1998). Linking Social and Ecological Systems: Management Practices and Social Mechanisms for Building 
Resilience. Cambridge: Cambridge University Press

Bierkens, Marc F. P., and Yoshihide Wada (2019). Non-renewable groundwater use and groundwater depletion: a review. Environmental Research Letters, 
vol. 14, No. 6, art. 063002. pp. 1–44. DOI: 10.1088/1748-9326/ab1a5f

Boag, Skye (2019). The Lifespan Of Orbiting Satellites. Available at https://www.euspaceimaging.com/the-lifespan-of-orbiting-satellites/

Bocken, Nancy M. P., and Samuel W. Short (2021). Unsustainable business models – Recognising and resolving institutionalised social and environmental 
harm. Journal of Cleaner Production, vol. 312, art. 127828. pp. 1–14. DOI: 10.1016/j.jclepro.2021.127828

Borowitz, Mariel (2017). Open Space: The Global Effort for Open Access to Environmental Satellite Data. Information policy series. Cambridge, 
Massachusetts: The MIT Press

Brovkin, Victor, and others (2021). Past abrupt changes, tipping points and cascading impacts in the Earth system. Nature Geoscience, vol. 14, No. 8, pp. 
550–58. DOI: 10.1038/s41561-021-00790-5

Buis, Alan (2022). Too Hot to Handle: How Climate Change May Make Some Places Too Hot to Live. Available at https://climate.nasa.gov/ask-nasa-
climate/3151/too-hot-to-handle-how-climate-change-may-make-some-places-too-hot-to-live/

Ceballos, Gerardo, Paul R. Ehrlich, and Peter H. Raven (2020). Vertebrates on the brink as indicators of biological annihilation and the sixth mass extinction. 
Proceedings of the National Academy of Sciences of the United States of America, vol. 117, No. 24, pp. 13596–602. DOI: 10.1073/pnas.1922686117

Chapman, Sarah, and others (2017). The impact of urbanization and climate change on urban temperatures: a systematic review. Landscape Ecology, vol. 
32, No. 10, pp. 1921–35. DOI: 10.1007/s10980-017-0561-4

Chazalnoël, Mariam T., Eva Mach, and Dina Ionesco (2017). Extreme Heat and Migration: IOM Migration, Environment and Climate Change Division. 
Geneva. Available at https://publications.iom.int/system/files/pdf/mecc_infosheet_heat_and_migration.pdf

Chrysopoulou, Anna (2020). The Vision of a Well-Being Economy. Stanford Social Innovation Review, DOI: 10.48558/9SXJ-C595

Clarkson, Linda, Vern Morrissette, and Gabriel Régallet (1992). Our Responsibility to The Seventh Generation. Winnipeg. Available at https://wgbis.ces.iisc.
ac.in/biodiversity/sdev/seventh_gen.pdf

Climate Diplomacy (2023). Water conflict and cooperation between India and Pakistan. Available at https://climate-diplomacy.org/case-studies/water-
conflict-and-cooperation-between-india-and-pakistan#fact_sheet_toc--conflict-resolution-

Clormann, Michael, and Nina Klimburg-Witjes (2022). Troubled Orbits and Earthly Concerns: Space Debris as a Boundary Infrastructure. Science, 
Technology, & Human Values, vol. 47, No. 5, pp. 960–85. DOI: 10.1177/01622439211023554

Conlisk, Erin, and others (2022). Evidence for the Multiple Benefits of Wetland Conservation in North America: Carbon, Biodiversity and Beyond. Point Blue 
Conservation Science. DOI: 10.5281/ZENODO.7388321

Crist, Eileen, and others (2021). Protecting Half the Planet and Transforming Human Systems Are Complementary Goals. Frontiers in Conservation 
Science, vol. 2, art. 761292. pp. 1–9. DOI: 10.3389/fcosc.2021.761292

Crutzen, Paul J., and Eugene F. Stoermer (2000). The “Anthropocene.” Global Change Newsletter, vol. 14, pp. 17–18. Available at http://www.igbp.net/
download/18.561163a13d60576e12451/1376383143974/NL41.pdf

Cullen, Kate (2018). 4 Andean Cities Adapting to Glacier Retreat to Preserve Water Security. Available at https://thecityfix.com/blog/4-andean-cities-
adapting-glacier-retreat-preserve-water-security-kate-cullen/

Cumming, Graeme S., and Stephan von Cramon-Taubadel (2018). Linking economic growth pathways and environmental sustainability by understanding 
development as alternate social-ecological regimes. Proceedings of the National Academy of Sciences, vol. 115, No. 38, pp. 9533–38. DOI: 10.1073/
pnas.1807026115

D’Odorico, Paolo, and others (2019). Global virtual water trade and the hydrological cycle: patterns, drivers, and socio-environmental impacts. 
Environmental Research Letters, vol. 14, No. 5, art. 053001. pp. 1–33. DOI: 10.1088/1748-9326/ab05f4

Dalin, Carole, and others (2017). Groundwater depletion embedded in international food trade. Nature, vol. 543, No. 7647, pp. 700–04. DOI: 10.1038/
nature21403

De Vos, Jurriaan M., and others (2015). Estimating the normal background rate of species extinction. Conservation Biology, vol. 29, No. 2, pp. 452–62. DOI: 
10.1111/cobi.12380

Derviş, Kemal (2020). Multilateralism: What policy options to strengthen international cooperation? Available at https://www.brookings.edu/articles/
multilateralism-what-policy-options-to-strengthen-international-cooperation/

Devitt, Thomas J., and others (2019). Species delimitation in endangered groundwater salamanders: Implications for aquifer management and biodiversity 
conservation. Proceedings of the National Academy of Sciences, vol. 116, No. 7, pp. 2624–33. DOI: 10.1073/pnas.1815014116

Douglas, Mary, and Aaron Wildavsky (1983). Risk and Culture: An Essay on the Selection of Technical and Environmental Dangers. Berkeley, California: 
University of California Press

Dunne, Jennifer A., and Richard J. Williams (2009). Cascading extinctions and community collapse in model food webs. Philosophical Transactions of the 
Royal Society B: Biological Sciences, vol. 364, No. 1524, pp. 1711–23. DOI: 10.1098/rstb.2008.0219

Eberle, Caitlyn, Oscar Higuera Roa, and Edward Sparks (2022). Technical Report: British Columbia heatwave. Interconnected Disaster Risks. Bonn: United 
Nations University – Institute for Environment and Human Security. DOI: 10.53324/GZUQ8513

Ellen MacArthur Foundation (2015). Towards a circular economy: Business rationale for an accelerated transition. Available at https://
ellenmacarthurfoundation.org/towards-a-circular-economy-business-rationale-for-an-accelerated-transition

__________ (2021). The Nature Imperative: How the circular economy tackles biodiversity loss. Available at https://ellenmacarthurfoundation.org/
biodiversity-report

European Space Agency (2023a). Annual Space Environment report. Available at https://www.sdo.esoc.esa.int/environment_report/Space_Environment_
Report_latest.pdf

__________ (2023b). Space debris by the numbers. Available at https://www.esa.int/Space_Safety/Space_Debris/Space_debris_by_the_numbers

Fenwick, Cody (2023). Longtermism: a call to protect future generations. Available at https://80000hours.org/articles/future-generations/

Fienen, Michael N., and Muhammad Arshad (2016). The International Scale of the Groundwater Issue. In Integrated Groundwater Management 2016: 
Concepts, Approaches and Challenges. Jakeman, Anthony J., and others, eds. Cham: Springer International Publishing. DOI: 10.1007/978-3-319-23576-
9_2

Filatova, Tatiana, J. G. Polhill, and Stijn van Ewijk (2016). Regime shifts in coupled socio-environmental systems: Review of modelling challenges and 
approaches. Environmental Modelling & Software, vol. 75, pp. 333–47. DOI: 10.1016/j.envsoft.2015.04.003

Finkleman, David (2017). The Dilemma of Space Debris. Available at https://www.americanscientist.org/article/the-dilemma-of-space-debris

Fischer, Felícia M., and others (2016). Plant species richness and functional traits affect community stability after a flood event. Philosophical transactions 
of the Royal Society of London. Series B, Biological sciences, vol. 371, No. 1694, DOI: 10.1098/rstb.2015.0276

Fishman, Ram, Meha Jain, and Avinash Kishore (2013). Groundwater depletion, adaptation and migration: Evidence from Gujarat, India. Available at https://
www.theigc.org/publications/groundwater-depletion-adaptation-and-migration-evidence-gujarat-india-working-paper

Flavelle, Christopher, Jill Cowan, and Ivan Penn (2023). Climate Shocks Are Making Parts of America Uninsurable. It Just Got Worse. New York Times, 2 
June. Available at https://www.nytimes.com/2023/05/31/climate/climate-change-insurance-wildfires-california.html

Florida Fish and Wildlife Conservation Commission (2023). Gopher Tortoise Commensals. Available at https://myfwc.com/wildlifehabitats/wildlife/gopher-
tortoise/commensals/

Frąckiewicz, Marcin (2023). The Importance of Satellites in Disaster Management. Available at https://ts2.space/en/the-importance-of-satellites-in-
disaster-management/

Gale, Alexander (2023). Greece Prohibits Outdoor Work and Delivery Services During Peak Heatwave Hours. Available at https://greekreporter.
com/2023/07/26/greece-prohibits-outdoor-work-and-delivery-services-heatwave-hours/

Ganopolski, A., R. Winkelmann, and H. J. Schellnhuber (2016). Critical insolation-CO2 relation for diagnosing past and future glacial inception. Nature, vol. 
529, No. 7585, pp. 200–03. DOI: 10.1038/nature16494

Geels, Frank W., and Johan Schot (2007). Typology of sociotechnical transition pathways. Research Policy, vol. 36, No. 3, pp. 399–417. DOI: 10.1016/j.
respol.2007.01.003



88 89

Giersch, J. J., and others (2017). Climate-induced glacier and snow loss imperils alpine stream insects. Global change biology, vol. 23, No. 7, pp. 2577–89. 
DOI: 10.1111/gcb.13565

Gilarranz, Luis J., and others (2022). Regime shifts, trends, and variability of lake productivity at a global scale. Proceedings of the National Academy of 
Sciences of the United States of America, vol. 119, No. 35, art. e2116413119. pp. 1–6. DOI: 10.1073/pnas.2116413119

Görg, Christoph, and others (2017). Challenges for Social-Ecological Transformations: Contributions from Social and Political Ecology. Sustainability, vol. 9, 
No. 7, art. 1045. pp. 1–21. DOI: 10.3390/su9071045

Graham, Sonia, and others (2023). An interdisciplinary framework for navigating social–climatic tipping points. People and Nature, pp. 1–12. DOI: 10.1002/
pan3.10516

Greenbaum, Dov (2020). Space debris puts exploration at risk. Science, vol. 370, No. 6519, p. 922. DOI: 10.1126/science.abf2682

Greenfield, Charlotte, and Gloria Dickie (2022). Insight: In hottest city on Earth, mothers bear brunt of climate change. Available at https://www.reuters.
com/world/asia-pacific/hottest-city-earth-mothers-bear-brunt-climate-change-2022-06-14/

Gronlund, Carina J. (2014). Racial and socioeconomic disparities in heat-related health effects and their mechanisms: a review. Current epidemiology 
reports, vol. 1, pp. 165–73. DOI: 10.1007/s40471-014-0014-4

Guterres, António (2022). Amid backsliding on climate, the renewables effort now must be tripled: Opinion. The Washington Post, 4 April. Available at 
https://www.washingtonpost.com/opinions/2022/04/04/new-ipcc-climate-report-on-averting-catastrophe/

Haacker, Erin M. K., Anthony D. Kendall, and David W. Hyndman (2016). Water Level Declines in the High Plains Aquifer: Predevelopment to Resource 
Senescence. Ground water, vol. 54, No. 2, pp. 231–42. DOI: 10.1111/gwat.12350

Halpern, Benjamin S. (2017). Addressing Socioecological Tipping Points and Safe Operating Spaces in the Anthropocene. In Conservation for the 
Anthropocene Ocean: Interdisciplinary Science in Support of Nature and People. Levin, Phillip S. and Melissa R. Poe, eds., Academic Press. DOI: 10.1016/
B978-0-12-805375-1.00013-1

Halverson, Nathan (2015). What California can learn from Saudi Arabia’s water mystery. Available at https://revealnews.org/article/what-california-can-
learn-from-saudi-arabias-water-mystery/

Hardin, Garrett (1968). The Tragedy of the Commons. Science, vol. 162, No. 3859, pp. 1243–48. DOI: 10.1126/science.162.3859.1243

__________ (1998). Extensions of “The Tragedy of the Commons.” Science, vol. 280, No. 5364, pp. 682–83. DOI: 10.1126/science.280.5364.682

Hausfather, Zeke (2021). Will global warming ‘stop’ as soon as net-zero emissions are reached? Available at https://www.carbonbrief.org/explainer-will-
global-warming-stop-as-soon-as-net-zero-emissions-are-reached/

Hockaday, S., and Kerri J. Ormerod (2020). Western Water Law: Understanding the Doctrine of Prior Appropriation. Available at https://extension.unr.edu/
publication.aspx?PubID=3750

Hugonnet, Romain, and others (2021). Accelerated global glacier mass loss in the early twenty-first century. Nature, vol. 592, No. 7856, pp. 726–31. DOI: 
10.1038/s41586-021-03436-z

Huss, Matthias, and Regine Hock (2018). Global-scale hydrological response to future glacier mass loss. Nature Climate Change, vol. 8, No. 2, pp. 135–40. 
DOI: 10.1038/s41558-017-0049-x

Hussain, Noor Z., and Carolyn Cohn (2021). Focus: Launching into space? Not so fast. Insurers balk at new coverage. Available at https://www.reuters.com/
lifestyle/science/launching-into-space-not-so-fast-insurers-balk-new-coverage-2021-09-01/

Hutley, Nicki, and others (2022). Uninsurable Nation: Australia’s most climate-vulnerable places. Available at https://apo.org.au/sites/default/files/resource-
files/2022-05/apo-nid317634.pdf

Immerzeel, W. W., and others (2020). Importance and vulnerability of the world’s water towers. Nature, vol. 577, No. 7790, pp. 364–69. DOI: 10.1038/
s41586-019-1822-y

Intergovernmental Panel on Climate Change (2021). Annex VII: Glossary. In Climate Change 2021: The Physical Science Basis: Contribution of Working 
Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Masson-Delmotte, and others, eds. Cambridge: Cambridge 
University Press. DOI: 10.1017/9781009157896.022

__________ (2023). Summary for Policymakers. In: Climate Change 2023: Synthesis Report. A Report of the Intergovernmental Panel on Climate 
Change. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing 
Team, H. Lee and J. Romero (eds.)]. Geneva. DOI: 10.59327/IPCC/AR6-9789291691647.001

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2019). Summary for policymakers of the global assessment report on 
biodiversity and ecosystem services. Bonn: IPBES secretariat. DOI: 10.5281/zenodo.3553579

International Resource Panel (2019). Global Resources Outlook 2019: Natural Resources for the Future We Want. Nairobi. Available at https://www.
resourcepanel.org/reports/global-resources-outlook

Irfan, Umair (2023). Climate change is already making parts of America uninsurable. Available at https://www.vox.com/climate/23746045/state-farm-
california-climate-change-insurance-wildfire-florida-flood

Israeli, Francie, and others (2020). Future Conditions Job Aid. Available at https://www.fema.gov/sites/default/files/2020-09/fema_planning-future-
condition.pdf

Johnson, Christopher N., and others (2017). Biodiversity losses and conservation responses in the Anthropocene. Science, vol. 356, No. 6335, pp. 270–75. 
DOI: 10.1126/science.aam9317

Johnson, Thomas F., and others (2023). Socioeconomic factors predict population changes of large carnivores better than climate change or habitat loss. 
Nature Communications, vol. 14, No. 1, p. 74. DOI: 10.1038/s41467-022-35665-9

Jordaan, Jacob A. (2023). Economic freedom, post materialism and economic growth. Social Sciences & Humanities Open, vol. 7, No. 1, art. 100416. DOI: 
10.1016/j.ssaho.2023.100416

Juhola, Sirkku, and others (2022). Social tipping points and adaptation limits in the context of systemic risk: Concepts, models and governance. Frontiers in 
Climate, vol. 4, pp. 1–9. DOI: 10.3389/fclim.2022.1009234

Kajal, Kapil (2022). Fears for farming as groundwater plummets in northern India. Available at https://www.thethirdpole.net/en/food/fears-for-farming-
groundwater-plummets-northern-india/

Kamin, Debra (2023). Home Insurance Premiums Rise as Americans Flock to Weather-Worn States. The New York Times, 5 May. Available at https://www.
nytimes.com/2023/05/05/realestate/home-insurance-climate-change.html

Kapoor, Amit, and Bibek Debroy (2019). GDP Is Not a Measure of Human Well-Being. Available at https://hbr.org/2019/10/gdp-is-not-a-measure-of-human-
well-being

Kehoe, Rachel, Enric Frago, and Dirk Sanders (2021). Cascading extinctions as a hidden driver of insect decline. Ecological Entomology, vol. 46, No. 4, pp. 
743–56. DOI: 10.1111/een.12985

Kessler, Donald J. (2000). Critical Density of Spacecraft in Low Earth Orbit: Using Fragmentation Data to Evaluate the Stability of the Orbital Debris 
Environment. JSC #28949 and LMSEAT #33303. Houston, Texas: Lockheed Martin Space Operations Company.

Kjellstrom, T., E. Oppermann, and J. K. W. Lee (2020). Climate Change, Occupational Heat Stress, Human Health, and Socioeconomic Factors. In 
Handbook of Socioeconomic Determinants of Occupational Health. Theorell and Chatterjee, eds., Springer International Publishing. DOI: 10.1007/978-3-
030-31438-5_37

Klose, Ann K., and others (2020). Emergence of cascading dynamics in interacting tipping elements of ecology and climate. Royal Society Open Science, 
vol. 7, No. 6, art. 200599. pp. 1–18. DOI: 10.1098/rsos.200599

Koop, Avery (2022). Visualized: Which Countries are Dominating Space? Available at https://www.visualcapitalist.com/visualized-which-countries-are-
dominating-space/

Kotzé, Louis J. (2021). Neubauer et al. versus Germany : Planetary Climate Litigation for the Anthropocene? German Law Journal, vol. 22, No. 8, pp. 
1423–44. DOI: 10.1017/glj.2021.87

Krznaric, Roman (2021). The Good Ancestor: How to Think Long Term in a Short-Term World. London: WH Allen

Laurance, William F., and David P. Edwards (2011). The search for unknown biodiversity. Proceedings of the National Academy of Sciences, vol. 108, No. 
32, pp. 12971–72. DOI: 10.1073/pnas.1110319108

Lenton, Timothy M., and others (2008). Tipping elements in the Earth’s climate system. Proceedings of the National Academy of Sciences of the United 
States of America, vol. 105, No. 6, pp. 1786–93. DOI: 10.1073/pnas.0705414105

Lenton, Timothy M., and others (2022). Operationalising positive tipping points towards global sustainability. Global Sustainability, vol. 5, DOI: 10.1017/
sus.2021.30

Lenzner, Bernd, and others (2022). Naturalized alien floras still carry the legacy of European colonialism. Nature Ecology & Evolution, vol. 6, No. 11, pp. 
1723–32. DOI: 10.1038/s41559-022-01865-1

Lewis, Simon L., and Mark A. Maslin (2015). Defining the Anthropocene. Nature, vol. 519, No. 7542, pp. 171–80. DOI: 10.1038/nature14258

Li, Tiantian, Chen Chen, and Wenjia Cai (2022). The global need for smart heat-health warning systems. The Lancet, vol. 400, No. 10362, pp. 1511–12. DOI: 
10.1016/S0140-6736(22)01974-2

Lin, David, and others (2018). Ecological Footprint Accounting for Countries: Updates and Results of the National Footprint Accounts, 2012–2018. 
Resources, vol. 7, No. 3, art. 58. pp. 1–22. DOI: 10.3390/resources7030058

Little, Jane B. (2009). Saving the Ogallala Aquifer. Scientific American, vol. 19, No. 1, pp. 32–39. DOI: 10.1038/scientificamericanearth0309-32

Liu, Teng, and others (2023). Teleconnections among tipping elements in the Earth system. Nature Climate Change, vol. 13, pp. 67–74. DOI: 10.1038/
s41558-022-01558-4

Losapio, Gianalberto, and others (2021). The Consequences of Glacier Retreat Are Uneven Between Plant Species. Frontiers in Ecology and Evolution, vol. 
8, art. 616562. pp. 1–11. DOI: 10.3389/fevo.2020.616562

McDowell, Graham, and others (2022). Lived experiences of ‘peak water’ in the high mountains of Nepal and Peru. Climate and Development, vol. 14, No. 
3, pp. 268–81. DOI: 10.1080/17565529.2021.1913085

McQuade, Joseph (2019). Earth Day: Colonialism’s role in the overexploitation of natural resources. Available at https://theconversation.com/earth-day-
colonialisms-role-in-the-overexploitation-of-natural-resources-113995

Medel, Rodrigo, Manuel López-Aliste, and Francisco E. Fontúrbel (2022). Hummingbird-plant interactions in Chile: An ecological review of the available 
evidence. Avian Research, vol. 13, art. 100051. pp. 1–9. DOI: 10.1016/j.avrs.2022.100051

Meldrum, Mark, and others (2023). The Breakthrough Effect: How to trigger a cascade of tipping points to accelerate the net zero transition. Available at 
https://www.systemiq.earth/wp-content/uploads/2023/01/The-Breakthrough-Effect.pdf



90 91

Milkoreit, Manjana, and others (2018). Defining tipping points for social-ecological systems scholarship—an interdisciplinary literature review. 
Environmental Research Letters, vol. 13, No. 3, art. 033005. pp. 1–12. DOI: 10.1088/1748-9326/aaaa75

Mills, Evan, Richard J. Roth, and Eugene Lecomte (2005). Availability and Affordability of Insurance Under Climate Change: A Growing Challenge for the 
U.S. Boston: Ceres

Ministry of Jal Shakti (2021). National Compilation on Dynamic Ground Water Resources of India 2020. Available at https://cgwb.gov.in/documents/2021-
08-02-GWRA_India_2020.pdf

Montgomery, Hugh, and Mike Tipton (2019). Matters of life and death: Change beyond planetary homeostasis. Experimental physiology, vol. 104, No. 12, 
pp. 1749–50. DOI: 10.1113/EP088178

Mora, Camilo, and others (2017). Global risk of deadly heat. Nature Climate Change, vol. 7, No. 7, pp. 501–06. DOI: 10.1038/NCLIMATE3322

Morrison, Beth M., Berry J. Brosi, and Rodolfo Dirzo (2020). Agricultural intensification drives changes in hybrid network robustness by modifying network 
structure. Ecology letters, vol. 23, No. 2, pp. 359–69. DOI: 10.1111/ele.13440

Morseletto, Piero, Caro E. Mooren, and Stefania Munaretto (2022). Circular Economy of Water: Definition, Strategies and Challenges. Circular Economy 
and Sustainability, vol. 2, No. 4, pp. 1463–77. DOI: 10.1007/s43615-022-00165-x

Muggah, Robert (2019). ‘Good enough’ global cooperation is key to our survival. Available at https://www.weforum.org/agenda/2019/07/the-future-is-
ominous-global-cooperation-is-key-to-our-survival/

Mukherjee, Supantha (2021). Q+A What is space debris and how dangerous is it? Available at https://www.reuters.com/lifestyle/science/qa-what-is-space-
debris-how-dangerous-is-it-2021-11-16/

Narvaez, Liliana, Joerg Szarzynski, and Zita Sebesvari (2022). Technical Report: Tonga volcano eruption. Interconnected Disaster Risks. Bonn: United 
Nations University – Institute for Environment and Human Security. DOI: 10.53324/YSXA5862

NASA Orbital Debris Program Office (2022). Orbital Debris Quarterly News, vol. 26, No. 4. Available at https://orbitaldebris.jsc.nasa.gov/quarterly-news/
pdfs/odqnv26i4.pdf

National Geographic (2023). Role of Keystone Species in an Ecosystem. Available at https://education.nationalgeographic.org/resource/role-keystone-
species-ecosystem/

Neeman, N., J. A. Servis, and E. Naro-Maciel (2018). Conservation Issues: Oceanic Ecosystems. In Encyclopedia of the Anthropocene. Dellasala, Dominick 
A. and Michael I. Goldstein, eds., Elsevier. DOI: 10.1016/B978-0-12-809665-9.09198-9

Nie, Yong, and others (2021). Glacial change and hydrological implications in the Himalaya and Karakoram. Nature Reviews Earth & Environment, vol. 2, 
No. 2, pp. 91–106. DOI: 10.1038/s43017-020-00124-w

Norwood, Peter (2021). Insuring the uninsurable: Tackling the link between climate change and financial instability in the insurance sector. Available at 
https://www.finance-watch.org/wp-content/uploads/2021/07/finance-watch-report-insuring-the-uninsurable-july-2021-2.pdf

Novo, Cristina (2019). Saudi Arabia’s groundwater to run dry. Available at https://smartwatermagazine.com/blogs/cristina-novo/saudi-arabias-groundwater-
run-dry

Ó Dochartaigh, Brighid É., and others (2019). Groundwater–glacier meltwater interaction in proglacial aquifers. Hydrology and Earth System Sciences, vol. 
23, No. 11, pp. 4527–39. DOI: 10.5194/hess-23-4527-2019

O’Brien, Karen, and Linda Sygna (2013). Responding to climate change: The three spheres of transformation. Available at https://www.sv.uio.no/iss/english/
research/projects/adaptation/publications/1-responding-to-climate-change---three-spheres-of-transformation_obrien-and-sygna_webversion_final.pdf

O’Connor, Jack, Oscar Higuera Roa, and Caitlyn Eberle (2022). Technical Report: Vanishing vaquita. Interconnected Disaster Risks. Bonn: United Nations 
University – Institute for Environment and Human Security. DOI: 10.53324/ATER5245

Otero, Iago, and others (2020). Biodiversity policy beyond economic growth, vol. 13, No. 4, art. e12713. pp. 1–18. DOI: 10.1111/conl.12713

Pardini, Carmen, and Luciano Anselmo (2021). Evaluating the impact of space activities in low earth orbit. Acta Astronautica, vol. 184, pp. 11–22. DOI: 
10.1016/j.actaastro.2021.03.030

Parker, Laura (2016). What Happens to the U.S. Midwest When the Water’s Gone? Available at https://www.nationalgeographic.com/magazine/article/
vanishing-midwest-ogallala-aquifer-drought

Pelling, Mark (2010). Adaptation to Climate Change: From Resilience to Transformation. London: Routledge

Perino, Andrea, and others (2019). Rewilding complex ecosystems. Science, vol. 364, No. 6438, DOI: 10.1126/science.aav5570

Pillai, Aditya Valiathan (2023). Guest post: The gaps in India’s ‘heat action plans’. Available at https://www.carbonbrief.org/guest-post-the-gaps-in-indias-
heat-action-plans/

Plumer, Brad (2015). Saudi Arabia squandered its groundwater and agriculture collapsed. California, take note. Available at https://www.vox.
com/2015/9/14/9323379/saudi-arabia-squandered-its-groundwater-and-agriculture-collapsed

Primack, Joel R., and Nancy Ellen Abrams (2023). Star Wars Forever? — A Cosmic Perspective. Available at http://physics.ucsc.edu/cosmo/UNESCOr.pdf

Qian, Yun, and others (2022). Urbanization Impact on Regional Climate and Extreme Weather: Current Understanding, Uncertainties, and Future Research 
Directions. Advances in atmospheric sciences, vol. 39, No. 6, pp. 819–60. DOI: 10.1007/s00376-021-1371-9

Radeloff, Volker C., and others (2018). Rapid growth of the US wildland-urban interface raises wildfire risk. Proceedings of the National Academy of 

Sciences of the United States of America, vol. 115, No. 13, pp. 3314–19. DOI: 10.1073/pnas.1718850115

Raoul, Kaenzig (2015). Can glacial retreat lead to migration? A critical discussion of the impact of glacier shrinkage upon population mobility in the Bolivian 
Andes. Population and Environment, vol. 36, No. 4, pp. 480–96. DOI: 10.1007/s11111-014-0226-z

Raven, Peter, and Mathis Wackernagel (2020). Maintaining biodiversity will define our long-term success. Plant Diversity, vol. 42, No. 4, pp. 211–20. DOI: 
10.1016/j.pld.2020.06.002

Raworth, Kate (2017). Doughnut economics: Seven ways to think like a 21st-century economist. Vermont: Chelsea Green Publishing

Reyers, Belinda, and others (2018). Social-Ecological Systems Insights for Navigating the Dynamics of the Anthropocene. Annual Review of Environment 
and Resources, vol. 43, pp. 267–89. DOI: 10.1146/annurev-environ-110615-085349

Richey, Alexandra S., and others (2015). Quantifying renewable groundwater stress with GRACE. Water Resources Research, vol. 51, No. 7, pp. 5217–38. 
DOI: 10.1002/2015WR017349

Rockström, Johan, and others (2009). Planetary Boundaries: Exploring the Safe Operating Space for Humanity. Ecology and Society, vol. 14, No. 2, pp. 
1–33. Available at https://www.ecologyandsociety.org/vol14/iss2/art32/

Rockström, Johan, and others (2023). Safe and just Earth system boundaries. Nature, vol. 619, No. 7968, pp. 102–11. DOI: 10.1038/s41586-023-06083-8

Rodella, Aude-Sophie, Esha Zaveri, and François Bertone (2023). The Hidden Wealth of Nations: The Economics of Groundwater in Times 
of Climate Change. Washington, DC: World Bank. Available at https://documents1.worldbank.org/curated/en/099257006142358468/pdf/
IDU0fb2550de013100434708d920a3e3bec6afb1.pdf

Rounce, David R., and others (2023). Global glacier change in the 21st century: Every increase in temperature matters. Science, vol. 379, No. 6627, pp. 
78–83. DOI: 10.1126/science.abo1324

Scheffer, M., and others (1993). Alternative equilibria in shallow lakes. Trends in Ecology & Evolution, vol. 8, No. 8, pp. 275–79. DOI: 10.1016/0169-
5347(93)90254-M

Schreiner-McGraw, Adam P., and Hoori Ajami (2021). Delayed response of groundwater to multi-year meteorological droughts in the absence of 
anthropogenic management. Journal of Hydrology, vol. 603, Part B, art. 126917. pp. 1–10. DOI: 10.1016/j.jhydrol.2021.126917

Schrijver, Nico (2016). Managing the global commons: common good or common sink? Third World Quarterly, vol. 37, No. 7, pp. 1252–67. DOI: 
10.1080/01436597.2016.1154441

Sebesvari, Zita (2022). Implementing nature-based solutions at scale–prioritising decisions for maximising public gain. In Transboundary Cooperation and 
Global Governance for Inclusive Sustainable Development. Scholz, Imme, and others, eds. Baden-Baden: Nomos Verlagsgesellschaft mbH & Co. KG. DOI: 
10.5771/9783748930099

Shaw, Robert, Michelle Colley, and Richenda Connell (2007). Climate change adaptation by design: a guide for sustainable communities. TCPA, London. 
Available at https://www.preventionweb.net/files/7780_20070523CCAlowres1.pdf

Sherwood, Steven C., and Matthew Huber (2010). An adaptability limit to climate change due to heat stress. Proceedings of the National Academy of 
Sciences of the United States of America, vol. 107, No. 21, pp. 9552–55. DOI: 10.1073/pnas.0913352107

Shiao, Tien, and others (2015). 3 Maps Explain India’s Growing Water Risks. Available at https://www.wri.org/insights/3-maps-explain-indias-growing-water-
risks

Shrestha, Arun B., and others (2015). The Himalayan Climate and Water Atlas; Impact of Climate Change on Water Resources in Five of Asia’s Major River 
Basins. Kathmandu: International Centre for Integrated Mountain Development. Kathmandu. Available at https://lib.icimod.org/record/31180

Siders, A. R. (2019). Managed Retreat in the United States. One Earth, vol. 1, No. 2, pp. 216–25. DOI: 10.1016/j.oneear.2019.09.008

Simon, Matt (2022). If You Don’t Already Live in a Sponge City, You Will Soon. Available at https://www.wired.com/story/if-you-dont-already-live-in-a-
sponge-city-you-will-soon/

Slaughter, Richard A. (1994). Why we should care for future generations now. Futures, vol. 26, No. 10, pp. 1077–85. Available at https://foresightinternational.
com.au/wp-content/uploads/2021/11/Slaughter_Why-we-should-care-for-future-generations-now_1994-2.pdf

Sodhi, Navjot S., Barry W. Brook, and Corey J. Bradshaw (2009). Causes and Consequences of Species Extinctions. In The Princeton Guide to Ecology. 
Levin, Simon A., ed. Princeton, New Jersey: Princeton University Press.

Steffen, Will, and others (2005). Global Change and the Earth System: A Planet Under Pressure. Global Change - The IGBP Series. Berlin: Springer Berlin 
Heidelberg

Steffen, Will, and others (2015). The trajectory of the Anthropocene: The Great Acceleration. The Anthropocene Review, vol. 2, No. 1, pp. 81–98. DOI: 
10.1177/2053019614564785

Steffen, Will, and others (2018). Trajectories of the Earth System in the Anthropocene. Proceedings of the National Academy of Sciences of the United 
States of America, vol. 115, No. 33, pp. 8252–59. DOI: 10.1073/pnas.1810141115

Surminski, Swenja, Laurens M. Bouwer, and Joanne Linnerooth-Bayer (2016). How insurance can support climate resilience. Nature Climate Change, vol. 
6, No. 4, pp. 333–34. DOI: 10.1038/nclimate2979

Swiss Re Institute (2021). Global property & casualty insurance premiums expected to more than double to USD 4.3 trillion by 2040, Swiss Re Institute 
forecasts. Available at https://gateway.eqs.com/maily/file/a274cac7-7781-4f26-bc0f-de30c2db8fa8

Tamang, Sagar K., and others (2020). Linking Global Changes of Snowfall and Wet-Bulb Temperature. Journal of Climate, vol. 33, No. 1, pp. 39–59. DOI: 



92 93

10.1175/JCLI-D-19-0254.1

Taylor, Richard, and Mohammad Shamsudduha (2022). Groundwater: depleting reserves must be protected around the world. Available at https://
theconversation.com/groundwater-depleting-reserves-must-be-protected-around-the-world-179620

Telesca, Jennifer E. (2017). Accounting for Loss in Fish Stocks: A Word on Life as Biological Asset. Environment and Society, vol. 8, No. 1, pp. 144–60. DOI: 
10.3167/ares.2017.080107

Tiller, Rachel, Andy M. Booth, and Emily Cowan (2022). Risk perception and risk realities in forming legally binding agreements: The governance of plastics. 
Environmental Science & Policy, vol. 134, pp. 67–74. DOI: 10.1016/j.envsci.2022.04.002

Travelli, Alex, and Hari Kumar (2023). Northern India Endures Heat Wave, and a Wave of Deaths. The New York Times, 18 June. Available at https://www.
nytimes.com/2023/06/18/world/asia/india-heat-death.html

U.S. Geological Survey (2018). Impervious Surfaces and Flooding. Water Science School. Available at https://www.usgs.gov/special-topics/water-science-
school/science/impervious-surfaces-and-flooding

U.S. National Park Service (2023). Kelp Forest Community Monitoring. Available at https://www.nps.gov/im/medn/kelp-forest-communities.htm

Undseth, Marit, Claire Jolly, and Mattia Olivari (2020). Space sustainability: the economics of space debris in perspective. OECD Science, Technology and 
Industry Policy Papers, No. 87, DOI: 10.1787/a339de43-en

Union of Concerned Scientists (2005). UCS Satellite Database. Available at https://www.ucsusa.org/resources/satellite-database#.XG6yv3RKiUk

United Nations Office for Disaster Risk Reduction (2023). GAR Special Report: Measuring Resilience for the Sustainable Development Goals. Available at 
https://www.undrr.org/gar/gar2023-special-report

United Nations University – Institute for Environment and Human Security (2022). Interconnected Disaster Risks 2021/2022. O’Connor, Jack; Eberle, 
Caitlyn; Narvaez, Liliana; Higuera Roa, Oscar; Oakes, Robert; Sparkes, Edward; Sebesvari, Zita (authors). Bonn: United Nations University – Institute for 
Environment and Human Security. DOI: 10.53324/USDG7258

University at Albany (2018). Peru’s Quelccaya ice cap could meet its demise by mid-2050s. Available at https://phys.org/news/2018-10-peru-quelccaya-ice-
cap-demise.html

van Dooren, Thom (2022). In Search of Lost Snails. Environmental Humanities, vol. 14, No. 1, pp. 89–109. DOI: 10.1215/22011919-9481451

van Ginkel, Kees C. H., and others (2020). Climate change induced socio-economic tipping points: review and stakeholder consultation for policy relevant 
research. Environmental Research Letters, vol. 15, No. 2, art. 023001. pp. 1–16. DOI: 10.1088/1748-9326/ab6395

Vasco, Donald W., and others (2019). Satellite-based monitoring of groundwater depletion in California’s Central Valley. Scientific Reports, vol. 9, No. 1, art. 
16053. pp. 1–14. DOI: 10.1038/s41598-019-52371-7

Venkatesan, Aparna, and others (2020). The impact of satellite constellations on space as an ancestral global commons. Nature Astronomy, vol. 4, No. 11, 
pp. 1043–48. DOI: 10.1038/s41550-020-01238-3

Wagg, Cameron, and others (2022). Biodiversity-stability relationships strengthen over time in a long-term grassland experiment. Nature Communications, 
vol. 13, No. 1, p. 7752. DOI: 10.1038/s41467-022-35189-2

Wall, Mike (2021). Kessler Syndrome and the space debris problem. Available at https://www.space.com/kessler-syndrome-space-debris

Werner, Debra (2018). How long should a satellite last: five years, ten years, 15, 30? Available at https://spacenews.com/how-long-should-a-satellite-last/

Werners, Saskia E., and others (2015). Turning points in climate change adapatation. Ecology and Society, vol. 20, No. 4, DOI: 10.5751/ES-07403-200403

Weston, Phoebe (2022). Humans v nature: our long and destructive journey to the age of extinction. The Guardian, 25 November. Available at https://www.
theguardian.com/environment/2022/nov/25/cop15-humans-v-nature-our-long-and-destructive-journey-to-the-age-of-extinction-aoe

Winter, Marten, and others (2009). Plant extinctions and introductions lead to phylogenetic and taxonomic homogenization of the European flora. 
Proceedings of the National Academy of Sciences, vol. 106, No. 51, pp. 21721–25. DOI: 10.1073/pnas.0907088106

Wolf, Johanna, and others (2010). Social capital, individual responses to heat waves and climate change adaptation: An empirical study of two UK cities. 
Global Environmental Change, vol. 20, No. 1, pp. 44–52. DOI: 10.1016/j.gloenvcha.2009.09.004

World Meteorological Organization (2021). WMO Atlas of Mortality and Economic Losses from Weather, Climate and Water Extremes (1970 – 2019). No. 
1267. Gevena. Available at https://library.wmo.int/doc_num.php?explnum_id=10989

__________ (2022). Executive Summary. Scientific Assessment of Ozone Depletion: 2022: GAW Report No. 278. Geneva. Available at https://ozone.unep.
org/system/files/documents/Scientific-Assessment-of-Ozone-Depletion-2022-Executive-Summary.pdf

Zabel, Florian, and others (2019). Global impacts of future cropland expansion and intensification on agricultural markets and biodiversity. Nature 
Communications, vol. 10, No. 1, art. 2844. pp. 1–10. DOI: 10.1038/s41467-019-10775-z

Zhao, Qi, and others (2021). Global, regional, and national burden of mortality associated with non-optimal ambient temperatures from 2000 to 2019: a 
three-stage modelling study. The Lancet Planet Health, vol. 5, No. 7, e415-e425. DOI: 10.1016/S2542-5196(21)00081-4

Imprint

United Nations University
Institute for Environment and Human Security
UN Campus
Platz der Vereinten Nationen 1
D-53113 Bonn, Germany
+ 49-228-815-0200
+ 49-228-815-0299
e-mail: info@ehs.unu.edu
https://unu.edu/ehs

Copyright UNU-EHS 2023 

Authors: Caitlyn Eberle, Jack O’Connor, Liliana Narvaez, Melisa Mena Benavides, Zita Sebesvari

Communication, design and outreach by UNU-VIE Communications Department: Jelke Brandehof, Arianna Flores Corral,  Austin 
Gonzales, Nadine Hoffmann, Jimin Hwang, Janine Kandel, Aileen Orate

Suggested citation: United Nations University – Institute for Environment and Human Security (2023). Interconnected Disaster Risks: Risk 
Tipping Points. Eberle, Caitlyn; O’Connor, Jack; Narvaez, Liliana; Mena Benavides, Melisa; Sebesvari, Zita (authors). Bonn: United Nations 
University – Institute for Environment and Human Security. DOI: 10.53324/WTWN2495

Proofreading: Hansea Kim 
Branding & report design: TEMPLO
Website Development: Fermin Creative
Videographer: Polina Schapova
Explainer Video: Tim Piotrowski (Things in Motion) 

The views expressed in this publication are those of the authors. 



94 95

A vicuna roams at the foothill of the Chimborazo volcano in Ecuador’s Central Andes in 
February 2019. © Pablo Cozzaglio / AFP
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